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Challenges in the Light Hadron Sector
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Challenges in Light Meson Spectroscopy
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Challenges in Meson Spectroscopy

I Many broad and overlapping

states discovered

I Assignment to qq multiplets

still ambiguous

! Fundamental to gain deeper

understanding of strong

interaction

! Optimally: Combine

different production
processes and decay modes

[M.Kümmel, data from PDG2018]

Modern high statistics experiments provide huge and clean data samples
Adequate tools using sophisticated methods are needed to properly analyze

this data
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• Many broad and overlapping 
states discovered

• Assignment to multiplets 
ambiguous

• Fundamental to gain deeper 
understanding of strong 
interaction

• Ideally: Combine different 
production and decay modes

Modern experiments provide high statistics, clean data samples  
 

⇒ Sophisticated methods needed to extract physics results
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[Data from PDG2018] 

• Many broad and overlapping states discovered

• Assignment to multiplets ambiguous

• Fundamental to gain deeper understanding of strong interaction

• Ideally: Combine different production and decay modes



Production of Hadrons
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• Electromagnetic probes:

•           annihilation  
          (CLEO, BaBar, Belle, BESIII, …)

• Only direct production of                   

•         Photoproduction  
        (GlueX, CLAS, CBELSA, …) 

• Hadronic probes:

•      collisions (ATLAS, CMS, LHCb, …)  
= multiple quark-gluon collisions

•      annihilation (CB/LEAR, E835, PANDA) 
      = annihilation of quark-antiquark pairs 
      → All non-exotic         directly accessible

•        collisions (COMPASS, …)
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<latexit sha1_base64="tP7sm/ypwnNtsQTewemF0ahmoIo=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTAwkR5jbbJIlu3vn7p4QjvwJGwtFbP07dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLWrQgNE1yxhuVWsFaiGcpIsIdodD31H56YNjxW93acsFDiQPE+p2id1OoMUEokt91yxa/6M5BlEuSkAjnq3fJXpxfTVDJlqUBj2oGf2DBDbTkVbFLqpIYlSEc4YG1HFUpmwmx274ScOKVH+rF2pSyZqb8nMpTGjGXkOiXaoVn0puJ/Xju1/csw4ypJLVN0vqifCmJjMn2e9Lhm1IqxI0g1d7cSOkSN1LqISi6EYPHlZdI8qwZ+Nbg7r9Su8jiKcATHcAoBXEANbqAODaAg4Ble4c179F68d+9j3lrw8plD+APv8wd8bo+X</latexit><latexit sha1_base64="tP7sm/ypwnNtsQTewemF0ahmoIo=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTAwkR5jbbJIlu3vn7p4QjvwJGwtFbP07dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLWrQgNE1yxhuVWsFaiGcpIsIdodD31H56YNjxW93acsFDiQPE+p2id1OoMUEokt91yxa/6M5BlEuSkAjnq3fJXpxfTVDJlqUBj2oGf2DBDbTkVbFLqpIYlSEc4YG1HFUpmwmx274ScOKVH+rF2pSyZqb8nMpTGjGXkOiXaoVn0puJ/Xju1/csw4ypJLVN0vqifCmJjMn2e9Lhm1IqxI0g1d7cSOkSN1LqISi6EYPHlZdI8qwZ+Nbg7r9Su8jiKcATHcAoBXEANbqAODaAg4Ble4c179F68d+9j3lrw8plD+APv8wd8bo+X</latexit><latexit sha1_base64="tP7sm/ypwnNtsQTewemF0ahmoIo=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTAwkR5jbbJIlu3vn7p4QjvwJGwtFbP07dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLWrQgNE1yxhuVWsFaiGcpIsIdodD31H56YNjxW93acsFDiQPE+p2id1OoMUEokt91yxa/6M5BlEuSkAjnq3fJXpxfTVDJlqUBj2oGf2DBDbTkVbFLqpIYlSEc4YG1HFUpmwmx274ScOKVH+rF2pSyZqb8nMpTGjGXkOiXaoVn0puJ/Xju1/csw4ypJLVN0vqifCmJjMn2e9Lhm1IqxI0g1d7cSOkSN1LqISi6EYPHlZdI8qwZ+Nbg7r9Su8jiKcATHcAoBXEANbqAODaAg4Ble4c179F68d+9j3lrw8plD+APv8wd8bo+X</latexit><latexit sha1_base64="tP7sm/ypwnNtsQTewemF0ahmoIo=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTAwkR5jbbJIlu3vn7p4QjvwJGwtFbP07dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLWrQgNE1yxhuVWsFaiGcpIsIdodD31H56YNjxW93acsFDiQPE+p2id1OoMUEokt91yxa/6M5BlEuSkAjnq3fJXpxfTVDJlqUBj2oGf2DBDbTkVbFLqpIYlSEc4YG1HFUpmwmx274ScOKVH+rF2pSyZqb8nMpTGjGXkOiXaoVn0puJ/Xju1/csw4ypJLVN0vqifCmJjMn2e9Lhm1IqxI0g1d7cSOkSN1LqISi6EYPHlZdI8qwZ+Nbg7r9Su8jiKcATHcAoBXEANbqAODaAg4Ble4c179F68d+9j3lrw8plD+APv8wd8bo+X</latexit>

e+
<latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit>

e�
<latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit>

�⇤
<latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit>

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

q
<latexit sha1_base64="g8GnwhPESOELmW7o8rlppcArs24=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWcNtCdynZNNuGZpM1yQpl6d/w4kERr/4Zb/4bs+0etHUgMMy84b1MlHKmjet+O5W19Y3Nrep2bWd3b/+gfnjU0TJThPpEcql6EdaUM0F9wwynvVRRnEScdqPJbeF3n6jSTIoHM01pmOCRYDEj2FgpCKQ1i2z+OBvUG27TnQOtEq8kDSjRHtS/gqEkWUKFIRxr3ffc1IQ5VoYRTme1INM0xWSCR7RvqcAJ1WE+v3mGzqwyRLFU9gmD5urvRI4TradJZCcTbMZ62SvE/7x+ZuLrMGcizQwVZLEozjgyEhUFoCFTlBg+tQQTxeytiIyxwsTYmmq2BG/5y6ukc9H03KZ3f9lo3ZR1VOEETuEcPLiCFtxBG3wgkMIzvMKbkzkvzrvzsRitOGXmGP7A+fwBtNeSGw==</latexit><latexit sha1_base64="g8GnwhPESOELmW7o8rlppcArs24=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWcNtCdynZNNuGZpM1yQpl6d/w4kERr/4Zb/4bs+0etHUgMMy84b1MlHKmjet+O5W19Y3Nrep2bWd3b/+gfnjU0TJThPpEcql6EdaUM0F9wwynvVRRnEScdqPJbeF3n6jSTIoHM01pmOCRYDEj2FgpCKQ1i2z+OBvUG27TnQOtEq8kDSjRHtS/gqEkWUKFIRxr3ffc1IQ5VoYRTme1INM0xWSCR7RvqcAJ1WE+v3mGzqwyRLFU9gmD5urvRI4TradJZCcTbMZ62SvE/7x+ZuLrMGcizQwVZLEozjgyEhUFoCFTlBg+tQQTxeytiIyxwsTYmmq2BG/5y6ukc9H03KZ3f9lo3ZR1VOEETuEcPLiCFtxBG3wgkMIzvMKbkzkvzrvzsRitOGXmGP7A+fwBtNeSGw==</latexit><latexit sha1_base64="g8GnwhPESOELmW7o8rlppcArs24=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWcNtCdynZNNuGZpM1yQpl6d/w4kERr/4Zb/4bs+0etHUgMMy84b1MlHKmjet+O5W19Y3Nrep2bWd3b/+gfnjU0TJThPpEcql6EdaUM0F9wwynvVRRnEScdqPJbeF3n6jSTIoHM01pmOCRYDEj2FgpCKQ1i2z+OBvUG27TnQOtEq8kDSjRHtS/gqEkWUKFIRxr3ffc1IQ5VoYRTme1INM0xWSCR7RvqcAJ1WE+v3mGzqwyRLFU9gmD5urvRI4TradJZCcTbMZ62SvE/7x+ZuLrMGcizQwVZLEozjgyEhUFoCFTlBg+tQQTxeytiIyxwsTYmmq2BG/5y6ukc9H03KZ3f9lo3ZR1VOEETuEcPLiCFtxBG3wgkMIzvMKbkzkvzrvzsRitOGXmGP7A+fwBtNeSGw==</latexit><latexit sha1_base64="g8GnwhPESOELmW7o8rlppcArs24=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7Irgh6LXjxWcNtCdynZNNuGZpM1yQpl6d/w4kERr/4Zb/4bs+0etHUgMMy84b1MlHKmjet+O5W19Y3Nrep2bWd3b/+gfnjU0TJThPpEcql6EdaUM0F9wwynvVRRnEScdqPJbeF3n6jSTIoHM01pmOCRYDEj2FgpCKQ1i2z+OBvUG27TnQOtEq8kDSjRHtS/gqEkWUKFIRxr3ffc1IQ5VoYRTme1INM0xWSCR7RvqcAJ1WE+v3mGzqwyRLFU9gmD5urvRI4TradJZCcTbMZ62SvE/7x+ZuLrMGcizQwVZLEozjgyEhUFoCFTlBg+tQQTxeytiIyxwsTYmmq2BG/5y6ukc9H03KZ3f9lo3ZR1VOEETuEcPLiCFtxBG3wgkMIzvMKbkzkvzrvzsRitOGXmGP7A+fwBtNeSGw==</latexit>

JPC
<latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit>

JPC
<latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit>
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• Minimal allowed bound states of QCD:  Mesons (     ) and baryons (      )

• For mesons:                         and  
 
Allowed: 
Forbidden:

• Observation of state with        forbidden for      : clear evidence for exotics

• Understanding QCD: What is the role of gluons (generation of mass, spin, …)?  

P = (�1)L+1
<latexit sha1_base64="jNvXHstOKWmyqnjjMa4gOSPQwFA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahIpaNCHpRCl48eKhgP6BdSzbNtqHZ7JJkhbL0b3jxoIhX/4w3/41puwdtfTDweG+GmXl+LLg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTXLK64UawVqwYCX3Bmv7wZuI3n5jSPJIPZhQzLyR9yQNOibFSp3ZVPsXHj+ndCR53iyW34k6BFgnOSAky1LrFr04voknIpKGCaN3Gbmy8lCjDqWDjQifRLCZ0SPqsbakkIdNeOr15jI6s0kNBpGxJg6bq74mUhFqPQt92hsQM9Lw3Ef/z2okJLr2UyzgxTNLZoiARyERoEgDqccWoESNLCFXc3orogChCjY2pYEPA8y8vksZZBbsVfH9eql5nceThAA6hDBguoAq3UIM6UIjhGV7hzUmcF+fd+Zi15pxsZh/+wPn8Abm9kCg=</latexit><latexit sha1_base64="jNvXHstOKWmyqnjjMa4gOSPQwFA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahIpaNCHpRCl48eKhgP6BdSzbNtqHZ7JJkhbL0b3jxoIhX/4w3/41puwdtfTDweG+GmXl+LLg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTXLK64UawVqwYCX3Bmv7wZuI3n5jSPJIPZhQzLyR9yQNOibFSp3ZVPsXHj+ndCR53iyW34k6BFgnOSAky1LrFr04voknIpKGCaN3Gbmy8lCjDqWDjQifRLCZ0SPqsbakkIdNeOr15jI6s0kNBpGxJg6bq74mUhFqPQt92hsQM9Lw3Ef/z2okJLr2UyzgxTNLZoiARyERoEgDqccWoESNLCFXc3orogChCjY2pYEPA8y8vksZZBbsVfH9eql5nceThAA6hDBguoAq3UIM6UIjhGV7hzUmcF+fd+Zi15pxsZh/+wPn8Abm9kCg=</latexit><latexit sha1_base64="jNvXHstOKWmyqnjjMa4gOSPQwFA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahIpaNCHpRCl48eKhgP6BdSzbNtqHZ7JJkhbL0b3jxoIhX/4w3/41puwdtfTDweG+GmXl+LLg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTXLK64UawVqwYCX3Bmv7wZuI3n5jSPJIPZhQzLyR9yQNOibFSp3ZVPsXHj+ndCR53iyW34k6BFgnOSAky1LrFr04voknIpKGCaN3Gbmy8lCjDqWDjQifRLCZ0SPqsbakkIdNeOr15jI6s0kNBpGxJg6bq74mUhFqPQt92hsQM9Lw3Ef/z2okJLr2UyzgxTNLZoiARyERoEgDqccWoESNLCFXc3orogChCjY2pYEPA8y8vksZZBbsVfH9eql5nceThAA6hDBguoAq3UIM6UIjhGV7hzUmcF+fd+Zi15pxsZh/+wPn8Abm9kCg=</latexit><latexit sha1_base64="jNvXHstOKWmyqnjjMa4gOSPQwFA=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahIpaNCHpRCl48eKhgP6BdSzbNtqHZ7JJkhbL0b3jxoIhX/4w3/41puwdtfTDweG+GmXl+LLg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5DR4mirE4jEamWTzQTXLK64UawVqwYCX3Bmv7wZuI3n5jSPJIPZhQzLyR9yQNOibFSp3ZVPsXHj+ndCR53iyW34k6BFgnOSAky1LrFr04voknIpKGCaN3Gbmy8lCjDqWDjQifRLCZ0SPqsbakkIdNeOr15jI6s0kNBpGxJg6bq74mUhFqPQt92hsQM9Lw3Ef/z2okJLr2UyzgxTNLZoiARyERoEgDqccWoESNLCFXc3orogChCjY2pYEPA8y8vksZZBbsVfH9eql5nceThAA6hDBguoAq3UIM6UIjhGV7hzUmcF+fd+Zi15pxsZh/+wPn8Abm9kCg=</latexit>

C = (�1)L+S
<latexit sha1_base64="E5A4oOqljuWGYFDzT4M4XE7dEIo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahIpZEBL0ohV48eKhoP6CNZbPdtEs3m7C7EUrI3/DiQRGv/hlv/hu3bQ7a+mDg8d4MM/O8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2mCmNJaIOEPJRtDyvKmaANzTSn7UhSHHictrxRbeK3nqhULBQPehxRN8ADwXxGsDZSt3ZVPnWOH5Pbk/u0VyzZFXsKtEicjJQgQ71X/Or2QxIHVGjCsVIdx460m2CpGeE0LXRjRSNMRnhAO4YKHFDlJtObU3RklD7yQ2lKaDRVf08kOFBqHHimM8B6qOa9ifif14m1f+kmTESxpoLMFvkxRzpEkwBQn0lKNB8bgolk5lZEhlhiok1MBROCM//yImmeVRy74tydl6rXWRx5OIBDKIMDF1CFG6hDAwhE8Ayv8GbF1ov1bn3MWnNWNrMPf2B9/gDZJJA9</latexit><latexit sha1_base64="E5A4oOqljuWGYFDzT4M4XE7dEIo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahIpZEBL0ohV48eKhoP6CNZbPdtEs3m7C7EUrI3/DiQRGv/hlv/hu3bQ7a+mDg8d4MM/O8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2mCmNJaIOEPJRtDyvKmaANzTSn7UhSHHictrxRbeK3nqhULBQPehxRN8ADwXxGsDZSt3ZVPnWOH5Pbk/u0VyzZFXsKtEicjJQgQ71X/Or2QxIHVGjCsVIdx460m2CpGeE0LXRjRSNMRnhAO4YKHFDlJtObU3RklD7yQ2lKaDRVf08kOFBqHHimM8B6qOa9ifif14m1f+kmTESxpoLMFvkxRzpEkwBQn0lKNB8bgolk5lZEhlhiok1MBROCM//yImmeVRy74tydl6rXWRx5OIBDKIMDF1CFG6hDAwhE8Ayv8GbF1ov1bn3MWnNWNrMPf2B9/gDZJJA9</latexit><latexit sha1_base64="E5A4oOqljuWGYFDzT4M4XE7dEIo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahIpZEBL0ohV48eKhoP6CNZbPdtEs3m7C7EUrI3/DiQRGv/hlv/hu3bQ7a+mDg8d4MM/O8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2mCmNJaIOEPJRtDyvKmaANzTSn7UhSHHictrxRbeK3nqhULBQPehxRN8ADwXxGsDZSt3ZVPnWOH5Pbk/u0VyzZFXsKtEicjJQgQ71X/Or2QxIHVGjCsVIdx460m2CpGeE0LXRjRSNMRnhAO4YKHFDlJtObU3RklD7yQ2lKaDRVf08kOFBqHHimM8B6qOa9ifif14m1f+kmTESxpoLMFvkxRzpEkwBQn0lKNB8bgolk5lZEhlhiok1MBROCM//yImmeVRy74tydl6rXWRx5OIBDKIMDF1CFG6hDAwhE8Ayv8GbF1ov1bn3MWnNWNrMPf2B9/gDZJJA9</latexit><latexit sha1_base64="E5A4oOqljuWGYFDzT4M4XE7dEIo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahIpZEBL0ohV48eKhoP6CNZbPdtEs3m7C7EUrI3/DiQRGv/hlv/hu3bQ7a+mDg8d4MM/O8iDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2mCmNJaIOEPJRtDyvKmaANzTSn7UhSHHictrxRbeK3nqhULBQPehxRN8ADwXxGsDZSt3ZVPnWOH5Pbk/u0VyzZFXsKtEicjJQgQ71X/Or2QxIHVGjCsVIdx460m2CpGeE0LXRjRSNMRnhAO4YKHFDlJtObU3RklD7yQ2lKaDRVf08kOFBqHHimM8B6qOa9ifif14m1f+kmTESxpoLMFvkxRzpEkwBQn0lKNB8bgolk5lZEhlhiok1MBROCM//yImmeVRy74tydl6rXWRx5OIBDKIMDF1CFG6hDAwhE8Ayv8GbF1ov1bn3MWnNWNrMPf2B9/gDZJJA9</latexit>

• Configurations with additional gluonic degrees of freedom allowed:

[M.Gell-Mann, 
Phys.Lett. 8, 3 (1964)]

• Hybrids (mesons with excited  
gluonic degrees of freedom) 

 • Glueballs  
(no valence quark content)
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Meson-like states in the Quark Model

[see e.g. PRD 92, 014005;  PRD90, 014044 , …]

• Meson configurations apart from      allowed within the quark model: 
• Multiquark states (various possibilities for internal structure!): 

      Tetraquark                   Di-quarkonium                 Molecule                Hadro-quarkonium

qq

qq
<latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit>

qqq
<latexit sha1_base64="zaw5sEaVSa7oQFSrOJcVZ4zlpFU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MB6Pe+WKW3XnIKvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/NTp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NrPuExSg5ItFoWpICYms79JnytkRkwsoUxxeythQ6ooMzadkg3BW355lTQvqp5b9e4vK7WbPI4inMApnIMHV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gB9YI3r</latexit><latexit sha1_base64="zaw5sEaVSa7oQFSrOJcVZ4zlpFU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MB6Pe+WKW3XnIKvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/NTp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NrPuExSg5ItFoWpICYms79JnytkRkwsoUxxeythQ6ooMzadkg3BW355lTQvqp5b9e4vK7WbPI4inMApnIMHV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gB9YI3r</latexit><latexit sha1_base64="zaw5sEaVSa7oQFSrOJcVZ4zlpFU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MB6Pe+WKW3XnIKvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/NTp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NrPuExSg5ItFoWpICYms79JnytkRkwsoUxxeythQ6ooMzadkg3BW355lTQvqp5b9e4vK7WbPI4inMApnIMHV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gB9YI3r</latexit><latexit sha1_base64="zaw5sEaVSa7oQFSrOJcVZ4zlpFU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s0l3N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3nlBpHstHM0nQj+hA8pAzaqz0MB6Pe+WKW3XnIKvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/NTp+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8NrPuExSg5ItFoWpICYms79JnytkRkwsoUxxeythQ6ooMzadkg3BW355lTQvqp5b9e4vK7WbPI4inMApnIMHV1CDO6hDAxgM4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gB9YI3r</latexit>

qq
<latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit><latexit sha1_base64="wyzFvlI3T2yuWi/jM3oDZGwgWzM=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuiG5cV7APaoWTSTBuaSaZJplCGfocbF4q49WPc+TdmprPQ1gOBwzn3cG9OEHOmjet+O6WNza3tnfJuZW//4PCoenzS1jJRhLaI5FJ1A6wpZ4K2DDOcdmNFcRRw2gkm95nfmVGlmRRPZh5TP8IjwUJGsLGSP+1L62bhdLoYVGtu3c2B1olXkBoUaA6qX/2hJElEhSEca93z3Nj4KVaGEU4XlX6iaYzJBI9oz1KBI6r9ND96gS6sMkShVPYJg3L1dyLFkdbzKLCTETZjvepl4n9eLzHhrZ8yESeGCrJcFCYcGYmyBtCQKUoMn1uCiWL2VkTGWGFibE8VW4K3+uV10r6qe27de7yuNe6KOspwBudwCR7cQAMeoAktIDCFZ3iFN2fmvDjvzsdytOQUmVP4A+fzB4pwkpY=</latexit>

JPC = 0�+, 0++, 1��, 1+�, 2++, ...
<latexit sha1_base64="0RXGZPt4jZNJV5PBMwP5ANfJhHQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQaoeZIuhGKHYjrirYB7TTkknTNjSTGZKMUIb5Cjf+ihsXirgVd/6N6XQW2nognJNz7yW5xwsZlcq2v43cyura+kZ+s7C1vbO7Z+4fNGUQCUwaOGCBaHtIEkY5aSiqGGmHgiDfY6TlTWqzeuuBCEkDfq+mIXF9NOJ0SDFS2uqb5dteXK8lV3YvLpeSM00lTY6+lVMqaarMTcuy+mbRtuwUcFk4mSiCDPW++dUdBDjyCVeYISk7jh0qN0ZCUcxIUuhGkoQIT9CIdLTkyCfSjdO1EniinQEcBkIfrmDq/p6IkS/l1Pd0p4/UWC7WZuZ/tU6khpduTHkYKcLx/KFhxKAK4CwjOKCCYMWmWiAsqP4rxGMkEFY6yYIOwVlceVk0K5ZjW87debF6ncWRB0fgGJwCB1yAKrgBddAAGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gA21Jub</latexit><latexit sha1_base64="0RXGZPt4jZNJV5PBMwP5ANfJhHQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQaoeZIuhGKHYjrirYB7TTkknTNjSTGZKMUIb5Cjf+ihsXirgVd/6N6XQW2nognJNz7yW5xwsZlcq2v43cyura+kZ+s7C1vbO7Z+4fNGUQCUwaOGCBaHtIEkY5aSiqGGmHgiDfY6TlTWqzeuuBCEkDfq+mIXF9NOJ0SDFS2uqb5dteXK8lV3YvLpeSM00lTY6+lVMqaarMTcuy+mbRtuwUcFk4mSiCDPW++dUdBDjyCVeYISk7jh0qN0ZCUcxIUuhGkoQIT9CIdLTkyCfSjdO1EniinQEcBkIfrmDq/p6IkS/l1Pd0p4/UWC7WZuZ/tU6khpduTHkYKcLx/KFhxKAK4CwjOKCCYMWmWiAsqP4rxGMkEFY6yYIOwVlceVk0K5ZjW87debF6ncWRB0fgGJwCB1yAKrgBddAAGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gA21Jub</latexit><latexit sha1_base64="0RXGZPt4jZNJV5PBMwP5ANfJhHQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQaoeZIuhGKHYjrirYB7TTkknTNjSTGZKMUIb5Cjf+ihsXirgVd/6N6XQW2nognJNz7yW5xwsZlcq2v43cyura+kZ+s7C1vbO7Z+4fNGUQCUwaOGCBaHtIEkY5aSiqGGmHgiDfY6TlTWqzeuuBCEkDfq+mIXF9NOJ0SDFS2uqb5dteXK8lV3YvLpeSM00lTY6+lVMqaarMTcuy+mbRtuwUcFk4mSiCDPW++dUdBDjyCVeYISk7jh0qN0ZCUcxIUuhGkoQIT9CIdLTkyCfSjdO1EniinQEcBkIfrmDq/p6IkS/l1Pd0p4/UWC7WZuZ/tU6khpduTHkYKcLx/KFhxKAK4CwjOKCCYMWmWiAsqP4rxGMkEFY6yYIOwVlceVk0K5ZjW87debF6ncWRB0fgGJwCB1yAKrgBddAAGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gA21Jub</latexit><latexit sha1_base64="0RXGZPt4jZNJV5PBMwP5ANfJhHQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQaoeZIuhGKHYjrirYB7TTkknTNjSTGZKMUIb5Cjf+ihsXirgVd/6N6XQW2nognJNz7yW5xwsZlcq2v43cyura+kZ+s7C1vbO7Z+4fNGUQCUwaOGCBaHtIEkY5aSiqGGmHgiDfY6TlTWqzeuuBCEkDfq+mIXF9NOJ0SDFS2uqb5dteXK8lV3YvLpeSM00lTY6+lVMqaarMTcuy+mbRtuwUcFk4mSiCDPW++dUdBDjyCVeYISk7jh0qN0ZCUcxIUuhGkoQIT9CIdLTkyCfSjdO1EniinQEcBkIfrmDq/p6IkS/l1Pd0p4/UWC7WZuZ/tU6khpduTHkYKcLx/KFhxKAK4CwjOKCCYMWmWiAsqP4rxGMkEFY6yYIOwVlceVk0K5ZjW87debF6ncWRB0fgGJwCB1yAKrgBddAAGDyCZ/AK3own48V4Nz7mrTkjmzkEf2B8/gA21Jub</latexit>

JPC = 0��, 0+�, 1�+, 2+�, ...
<latexit sha1_base64="4MIAbsW4XBwM8Q2plwR2+wi8sL0=">AAACD3icbVDLSgMxFM3UV62vUZdugkUR2g4zRdCNUOxGXFWwD2inJZNm2tBMZkgyQhnmD9z4K25cKOLWrTv/xvSx0NYD4Z577r3c3ONFjEpl299GZmV1bX0ju5nb2t7Z3TP3DxoyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EbVSb35QISkIb9X44i4ARpw6lOMlJZ65ultN6lV0yu7m5RKaVGHgg6OzgppsTzLLMvqmXnbsqeAy8SZkzyYo9Yzvzr9EMcB4QozJGXbsSPlJkgoihlJc51YkgjhERqQtqYcBUS6yfSeFJ5opQ/9UOjHFZyqvycSFEg5DjzdGSA1lIu1ifhfrR0r/9JNKI9iRTieLfJjBlUIJ+bAPhUEKzbWBGFB9V8hHiKBsNIW5rQJzuLJy6RRthzbcu7O85XruR1ZcASOwRlwwAWogBtQA3WAwSN4Bq/gzXgyXox342PWmjHmM4fgD4zPH8hdmU4=</latexit><latexit sha1_base64="4MIAbsW4XBwM8Q2plwR2+wi8sL0=">AAACD3icbVDLSgMxFM3UV62vUZdugkUR2g4zRdCNUOxGXFWwD2inJZNm2tBMZkgyQhnmD9z4K25cKOLWrTv/xvSx0NYD4Z577r3c3ONFjEpl299GZmV1bX0ju5nb2t7Z3TP3DxoyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EbVSb35QISkIb9X44i4ARpw6lOMlJZ65ultN6lV0yu7m5RKaVGHgg6OzgppsTzLLMvqmXnbsqeAy8SZkzyYo9Yzvzr9EMcB4QozJGXbsSPlJkgoihlJc51YkgjhERqQtqYcBUS6yfSeFJ5opQ/9UOjHFZyqvycSFEg5DjzdGSA1lIu1ifhfrR0r/9JNKI9iRTieLfJjBlUIJ+bAPhUEKzbWBGFB9V8hHiKBsNIW5rQJzuLJy6RRthzbcu7O85XruR1ZcASOwRlwwAWogBtQA3WAwSN4Bq/gzXgyXox342PWmjHmM4fgD4zPH8hdmU4=</latexit><latexit sha1_base64="4MIAbsW4XBwM8Q2plwR2+wi8sL0=">AAACD3icbVDLSgMxFM3UV62vUZdugkUR2g4zRdCNUOxGXFWwD2inJZNm2tBMZkgyQhnmD9z4K25cKOLWrTv/xvSx0NYD4Z577r3c3ONFjEpl299GZmV1bX0ju5nb2t7Z3TP3DxoyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EbVSb35QISkIb9X44i4ARpw6lOMlJZ65ultN6lV0yu7m5RKaVGHgg6OzgppsTzLLMvqmXnbsqeAy8SZkzyYo9Yzvzr9EMcB4QozJGXbsSPlJkgoihlJc51YkgjhERqQtqYcBUS6yfSeFJ5opQ/9UOjHFZyqvycSFEg5DjzdGSA1lIu1ifhfrR0r/9JNKI9iRTieLfJjBlUIJ+bAPhUEKzbWBGFB9V8hHiKBsNIW5rQJzuLJy6RRthzbcu7O85XruR1ZcASOwRlwwAWogBtQA3WAwSN4Bq/gzXgyXox342PWmjHmM4fgD4zPH8hdmU4=</latexit><latexit sha1_base64="4MIAbsW4XBwM8Q2plwR2+wi8sL0=">AAACD3icbVDLSgMxFM3UV62vUZdugkUR2g4zRdCNUOxGXFWwD2inJZNm2tBMZkgyQhnmD9z4K25cKOLWrTv/xvSx0NYD4Z577r3c3ONFjEpl299GZmV1bX0ju5nb2t7Z3TP3DxoyjAUmdRyyULQ8JAmjnNQVVYy0IkFQ4DHS9EbVSb35QISkIb9X44i4ARpw6lOMlJZ65ultN6lV0yu7m5RKaVGHgg6OzgppsTzLLMvqmXnbsqeAy8SZkzyYo9Yzvzr9EMcB4QozJGXbsSPlJkgoihlJc51YkgjhERqQtqYcBUS6yfSeFJ5opQ/9UOjHFZyqvycSFEg5DjzdGSA1lIu1ifhfrR0r/9JNKI9iRTieLfJjBlUIJ+bAPhUEKzbWBGFB9V8hHiKBsNIW5rQJzuLJy6RRthzbcu7O85XruR1ZcASOwRlwwAWogBtQA3WAwSN4Bq/gzXgyXox342PWmjHmM4fgD4zPH8hdmU4=</latexit>

JPC
<latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit><latexit sha1_base64="ZEZpLLYoXu5BYbIr6skU9w3Bp+0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9FjsRTxVsB/QriWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHtanfemLacCXv7ThhQUwGkkecEuuk5u1DVq9NeqWyV/FmwMvEz0kZctR7pa9uX9E0ZtJSQYzp+F5ig4xoy6lgk2I3NSwhdEQGrOOoJDEzQTa7doJPndLHkdKupMUz9fdERmJjxnHoOmNih2bRm4r/eZ3URldBxmWSWibpfFGUCmwVnr6O+1wzasXYEUI1d7diOiSaUOsCKroQ/MWXl0nzvOJ7Ff/uoly9zuMowDGcwBn4cAlVuIE6NIDCIzzDK7whhV7QO/qYt66gfOYI/gB9/gBDp47p</latexit>

Hybrid search: Primary motivation for the construction of Hall-D / GlueX
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FIG. 11: Isoscalar (green/black) and isovector (blue) meson spectrum on the m⇡ = 391MeV, 243 ⇥ 128 lattice. The vertical
height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-lying
states having dominant overlap with operators featuring a chromomagnetic construction – their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.

extrapolation might be the complex resonance pole posi-
tion, but we do not obtain this in our simple calculations
using only “single-hadron” operators.

We discuss the specific case of the 0�+ and 1�� sys-
tems in the next subsections.

E. The low-lying pseudoscalars: ⇡, ⌘, ⌘0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ⇡ and ⌘ mesons are exactly stable and ⌘

0

is rendered stable since its isospin conserving ⌘⇡⇡ decay
mode is kinematically closed. Because of this, many of
the caveats presented in Section III B do not apply. Fig-
ure 17 shows the quality of the principal correlators from
which we extract the meson masses, in the form of an
e↵ective mass,

me↵ =
1

�t
log

�(t)

�(t+ �t)
, (16)

for the lightest quark mass and largest volume consid-
ered. The e↵ective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.

Figure 18 indicates the detailed quark mass and vol-
ume dependence of the ⌘ and ⌘

0 mesons. We have already
commented on the unexplained sensitivity of the ⌘0 mass

to the spatial volume atm⇡ = 391MeV, and we note that
since only a 163 volume was used at m⇡ = 524MeV, the
mass shown there may be an underestimate.
Figure 19 shows the octet-singlet basis mixing angle,

✓ = ↵ � 54.74�, which by definition must be zero at the
SU(3)F point4 . While we have no particularly well mo-
tivated form to describe the quark mass dependence, it
is notable that the trend is for the data to approach a
phenomenologically reasonable value ⇠ �10� [1, 45–47].

F. The low-lying vector mesons: ⇢,!,�

Figure 20 shows the e↵ective masses of !,� and ⇢ prin-
cipal correlators on the m⇡ = 391MeV, 243⇥128 lattice.
The splitting between the ⇢ and ! is small but statisti-
cally significant, reflecting the small disconnected contri-
bution at large times in this channel. At the pion masses
presented in this paper, the ! and � mesons are kine-
matically stable against decay into their lowest thresh-
old channels, ⇡⇡⇡ and KK. In Figure 21 we show the
quark mass and volume dependence of the low lying vec-
tor mesons along with the relevant threshold energies.

4
Here we are using a convention where |⌘i = cos ✓|8i � sin ✓|1i,
|⌘0i = sin ✓|8i+cos ✓|1i with 8,1 having the sign conventions in

Eqn 5.

• Lightest spin-exotic state:                     JPC = 1�+
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[Dudek, Edwards, Guo, Thomas, PRD 88 094505(2013)] 
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FIG. 11: Isoscalar (green/black) and isovector (blue) meson spectrum on the m⇡ = 391MeV, 243 ⇥ 128 lattice. The vertical
height of each box indicates the statistical uncertainty on the mass determination. States outlined in orange are the lowest-lying
states having dominant overlap with operators featuring a chromomagnetic construction – their interpretation as the lightest
hybrid meson supermultiplet will be discussed later.

extrapolation might be the complex resonance pole posi-
tion, but we do not obtain this in our simple calculations
using only “single-hadron” operators.

We discuss the specific case of the 0�+ and 1�� sys-
tems in the next subsections.

E. The low-lying pseudoscalars: ⇡, ⌘, ⌘0

In lattice calculations of the type performed in this
paper, where isospin is exact and electromagnetism does
not feature, the ⇡ and ⌘ mesons are exactly stable and ⌘

0

is rendered stable since its isospin conserving ⌘⇡⇡ decay
mode is kinematically closed. Because of this, many of
the caveats presented in Section III B do not apply. Fig-
ure 17 shows the quality of the principal correlators from
which we extract the meson masses, in the form of an
e↵ective mass,

me↵ =
1

�t
log

�(t)

�(t+ �t)
, (16)

for the lightest quark mass and largest volume consid-
ered. The e↵ective masses clearly plateau and can be
described at later times by a constant fit which gives a
mass in agreement with the two exponential fits to the
principal correlator that we typically use.

Figure 18 indicates the detailed quark mass and vol-
ume dependence of the ⌘ and ⌘

0 mesons. We have already
commented on the unexplained sensitivity of the ⌘0 mass

to the spatial volume atm⇡ = 391MeV, and we note that
since only a 163 volume was used at m⇡ = 524MeV, the
mass shown there may be an underestimate.
Figure 19 shows the octet-singlet basis mixing angle,

✓ = ↵ � 54.74�, which by definition must be zero at the
SU(3)F point4 . While we have no particularly well mo-
tivated form to describe the quark mass dependence, it
is notable that the trend is for the data to approach a
phenomenologically reasonable value ⇠ �10� [1, 45–47].

F. The low-lying vector mesons: ⇢,!,�

Figure 20 shows the e↵ective masses of !,� and ⇢ prin-
cipal correlators on the m⇡ = 391MeV, 243⇥128 lattice.
The splitting between the ⇢ and ! is small but statisti-
cally significant, reflecting the small disconnected contri-
bution at large times in this channel. At the pion masses
presented in this paper, the ! and � mesons are kine-
matically stable against decay into their lowest thresh-
old channels, ⇡⇡⇡ and KK. In Figure 21 we show the
quark mass and volume dependence of the low lying vec-
tor mesons along with the relevant threshold energies.

4
Here we are using a convention where |⌘i = cos ✓|8i � sin ✓|1i,
|⌘0i = sin ✓|8i+cos ✓|1i with 8,1 having the sign conventions in

Eqn 5.

• Lightest spin-exotic state:                     JPC = 1�+
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[Dudek, Edwards, Guo, Thomas, PRD 88 094505(2013)] 
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FIG. 16. Partial widths as a function of the ⇡1 pole mass. The bands reflect the coupling ranges given in Table VIII. The total
width, obtained by summing the partial widths, is shown by the grey band.

not yet been validated, but their result for pion masses
near 500 MeV does suggest a large coupling. They also
found a somewhat smaller coupling to f1⇡.

We can also compare our result extrapolated to phys-
ical kinematics with the predictions of models. Models
based upon breaking of the flux-tube [4, 13] do not allow
decays to identical mesons, but these are typically pre-
vented by Bose symmetry anyway. The ability of these
models to predict decays involving the ⌘ or ⌘0 is somewhat
questionable given that no disconnected contributions are
considered. Within these models, the quark spin coupling
factorizes from the spatial matrix element such that ⇢⇡
decays are only allowed to the extent that the spatial
qq̄ wavefunctions of the ⇡ and the ⇢ di↵er. This di↵er-
ence is quite hard to estimate in quark models where the
very light pseudo-Goldstone boson ⇡ is typically not well
described.

If this model picture of the coupling being sensitive to
the di↵erence between the ⇡ and ⇢ radial wavefunction
is correct, our simple extrapolation of the ⇢⇡ coupling
may lead to an under estimate. We can use the charge
radius as a guide to the wavefunction size, and at the
SU(3) flavor symmetric point these radii were computed

in Ref. [75]: hr2i1/2⇡ = 0.47(6) fm, hr2i1/2⇢ = 0.55(5) fm.
These sizes are not that di↵erent, as one might expect
given the heaviness of the quarks, but we expect the
di↵erence to grow as the light-quark mass reduces. Our
simple extrapolation of the ⇢⇡ coupling would not capture
this change, and hence our ⇢⇡ partial width might be an
under-estimate.

The flux-tube breaking models have larger couplings to
axial-vector–pseudoscalar channels like b1⇡ and f1⇡ than
to, for example, ⇢⇡, but these couplings are still much
smaller than the ones we are predicting. Bag models show
similar decay systematics [2, 3].

VIII. SUMMARY

Prior lattice QCD calculations which treated excited
hadrons as stable particles indicated the presence of exotic
hybrid mesons in the spectrum, but until now the only
theoretical information on the decay properties of these
states came from models whose connection to QCD is
not always clear. In this paper we presented the first
determination of the lightest JP (C) = 1�(+) resonance
within lattice QCD. The resonance was observed in a
rigorous way as a pole singularity in a coupled-channel
scattering amplitude obtained using constraints provided
by the discrete spectrum of eigenstates of QCD in six
di↵erent finite volumes. These spectra were extracted
from matrices of correlation functions computed in lattice
QCD using a large basis of operators.

In order to make this first calculation practical we opted
to work with quark masses such that mu = md = ms,
with the quark mass selected to approximately match
the physical strange-quark mass. The resulting SU(3)F
symmetry leads to a simplified set of decay channels, and
the relatively heavy quark mass means that only meson-
meson decays are kinematically accessible in the energy
region of interest.

The computed lattice QCD spectra are described by
an eight-channel flavor-octet 1�(+) scattering system in
which a narrow resonance appears, lying slightly be-
low the opening of axial-vector–pseudoscalar decay chan-
nels, but well above pseudoscalar–pseudoscalar, vector–
pseudoscalar and vector–vector decay thresholds. The
resonance pole shows relatively weak couplings to the
open channels, hence the narrow width, but large cou-
plings to at least one kinematically-closed axial-vector–
pseudoscalar channel.

A simple-minded approach was used to predict decay
properties of a ⇡1 resonance with physical light-quark
mass from these results. We extrapolated the determined
couplings, assuming their only adjustment is in the an-
gular momentum barrier (an approach that has proven

• Recent calculations: Large coupling of        state to axial vector-pseudoscalar channels
• Important to measure multiple decay modes to compare partial widths

[Woss, Dudek, Edwards, Thomas, Wilson, PRD 103 (2021) 054502]
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Partial Wave Analysis

Mfi

K

¼

K̄

matrix 
element n-body phase

space element

Fermi's Golden Rule

d¾

d cos µ
= jf(µ)j2

� Coupling of the initial to the  final state for a 
reaction is given by the matrix element

� Partial Wave Analysis (PWA)
▶ expand the complex amplitudes in a series of 

partial waves
▶ obtain the coefficients of the partial waves from a 

fit in a n-dimensional particle  phase space  to  
experimental data

▶ determine masses and widths of resonances
▶ determine quantum numbers (characteristic 

angular distribution)   

Example: Scattering of a non-relativistic spinless particle at a central potential  

cross section scattering amplitude 
(partial wave expansion in Legendre polynomials) 

• Coupling of the initial to the final state for 
 a reaction is given by the matrix element

• Goal: Disentangle interfering contributions and  
measure spectroscopic properties

• Full kinematic information measured  
 Information about resonances encoded  
 Angular distributions: spin, parity 
 Invariant mass: ‘peak’ can indicate resonance

• Expand the complex amplitudes in a  
series of partial waves 
• Angular dependencies (e.g. ) 

• Dynamical part:

• “Mass-dependent”: Breit-Wigner function, K-Matrix, …

• “Mass-independent”: bin data in invariant mass, assume constant mass  
                                  dependency within bin

• Amplitudes add coherently  accounts for interference, allows to measure relative phases

→
→
→

Ym
l (θ, ϕ)

→
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• Hints for spin-exotic states 
already in 1980s

• Observed at various 
experiments

• From PWA: 

•                     .

•                          .

• Clear contribution of 
exotic wave 

• Two genuine resonances?

JPC = 1�+
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➡ Confirm existence (different experiments), measure more properties! 

• The                is seen in: 

✓         interaction 
(E852, VES and COMPASS) 

✓ Possibly seen in        annihilation  
 (CrystalBarrel/LEAR  data) 

• It decays to: 

•                     clearly exotic, 
but controversy persists: 

➡ Is the                 a genuine  
 resonance? 
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Figure 7: Dalitz plot of the reaction pp !  ! "! 0"pspectator . The 1−+ resonance π1(1400) shows up as a bunching 

of events above the ρ band. 
 
 
The remarkable outcome, however, is that the 1−+ resonance takes up 11% of the total 
intensity of the Dalitz plot, so its production rate in the antiproton-proton annihilation is 
comparable to those of normal mesons like the a2(1320), with 15% of the total intensity (see 
Figure 8).  
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• Strongest evidence for  contribution in  
and  channels in  and  reactions

• Possible  states for  system with 
orbital angular momentum :

➡  in an odd wave ( ) has exotic 
quantum numbers
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JPC η(′ )π
L

η(′ )π P, F, . . .
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Fig. 37. Invariant mass spectra (not acceptance corrected) of diffractively produced (a) ⌘⇡
� and (b) ⌘

0
⇡

� [109]. The continuous red curves show
the acceptances in the analyzed kinematic ranges.

Fig. 38. Invariant mass spectra (not acceptance corrected) of diffractively produced ⇡
�
⇡

�
⇡

+ using (a) a solid-lead target [190] and (b) a
liquid-hydrogen target [110]. The shaded region in (b) indicates the m3⇡ range used for the Dalitz plot in Fig. 42b.

in the m⌘
0
⇡ spectrum, which instead is dominated by a broad peak at 1.7GeV/c2 that is related to the ⇡1(1600) (see

Section 6.3.3).
The overall t 0 distributions are well described by a simple exponential model of the form (cf. Eqs. (133) and (237))

dN
dt 0

/ t 0 e�b t 0
, (248)

with slope parameters of b = 8.45 (GeV/c)−2 for the ⌘⇡
� final state and of b = 8.0 (GeV/c)−2 for the ⌘

0
⇡

� final state. In
both cases, we observe only a weak mass dependence of b.

6.1.2. The ⇡
�
⇡

�
⇡

+ data samples
The ⇡

�
⇡

�
⇡

+ data samples are substantially larger than the ⌘
(0)

⇡
� data samples. After event selection (see

Refs. [110,190] and Section 4.2.8), we obtain 420000 exclusive events for the solid-lead target and 46 · 106 exclusive
events for the liquid-hydrogen target in the analyzed three-pion mass range 0.5 < m3⇡ < 2.5 GeV/c2. For the lead-target
data, the target recoil was not measured so that the contribution of non-exclusive backgrounds is larger in this sample.
In the analyzed range 0.1 < t 0 < 1.0 (GeV/c)2, the scattering off the lead nucleus is predominantly of incoherent nature,
i.e. the beam pions scatter off individual nucleons within the lead nucleus. Thus the lead-target data are expected to be
similar to the proton-target data. Fig. 38 shows the m3⇡ distributions for the two data samples. They exhibit pronounced
structures that correspond to the well known resonances a1(1260), a2(1320), and ⇡2(1670) (see Sections 6.3.2, 6.3.4 and
6.3.5). As shown in Fig. 39, the t 0 distribution follows an approximately exponential behavior in the analyzed t 0 range.

6.2. Analysis models

All three final states considered here (see Section 6.1) were already studied by previous experiments using similar
scattering reactions with lower pion-beam energies. Since some of the COMPASS data samples, in particular the ⇡

�
⇡

�
⇡

+

proton-target sample, are significantly larger than those obtained by previous experiments, we extend and refine the
analysis models used in previous analyses.

76 B. Ketzer, B. Grube and D. Ryabchikov / Progress in Particle and Nuclear Physics 113 (2020) 103755

Fig. 39. Distribution of the squared four-momentum transfer t 0 (not acceptance corrected) of diffractively produced ⇡
�
⇡

�
⇡

+ using a liquid-hydrogen
target [110]. The vertical lines indicate the t 0 range used in the PWA.

Fig. 40. Distribution of the cosine of the polar angle of the ⌘
(0) in the Gottfried–Jackson frame (not acceptance corrected; see Section 5.1.4) as a

function of the invariant mass of (a) the ⌘⇡
� and (b) the ⌘

0
⇡

� system [109]. Here, cos#GJ = 1 corresponds to ⌘
(0) emission along the beam direction.

6.2.1. ⌘
(0)

⇡
� partial-wave decomposition

Exclusive diffractive production of ⌘⇡ and ⌘
0
⇡ final states was studied by the VES experiment using a 37GeV/c

⇡
� beam scattering off a solid-beryllium target [192,193] and by the BNL E852 experiment using an 18GeV/c ⇡

� beam
on a liquid-hydrogen target [194,195]. At COMPASS, the higher beam energy enables us to access higher invariant masses
of the produced final states and higher values of the orbital angular momentum between the two final-state particles.

For final states consisting of two pseudoscalars, the total spin J of the intermediate state X is identical to the relative
orbital angular momentum L between the two daughter particles. The parity P of the state is given by (�1)L. Therefore,
only states with positive naturality (see Section 2.1.1) are accessible. In diffractive reactions, the isospin I and the C parity
of X are given by the isospin and C parity of the beam particle, i.e. I = 1 and C = +1 for a pion beam. This means that
partial waves with odd L correspond to spin-exotic quantum numbers. In the reflectivity basis (see Section 5.2.3), the
combination M"

= 0+ of the spin-projection quantum number M and the reflectivity " is forbidden for natural-parity
states. Thus JPC = 0++ waves, which may contain a0 resonances, may only appear with M"

= 0� quantum numbers that
correspond to unnatural-parity exchange. At high beam energies, Pomeron exchange dominates and unnatural-parity
exchange processes are suppressed. Therefore, M"

= 1+ waves are expected to dominate and " = �1 waves should be
suppressed. Often, the spectroscopic notation LM" is used to designate two-pseudoscalar partial waves. E.g., partial waves
with JPC M"

= 0++0�, 1�+0�, 1�+1�, 1�+1+, and 2++2+ quantum numbers correspond to S0�, P0�, P1�, P1+, and D2+,
respectively.

The rough partial-wave structure of the data is already visible in the angular distributions in the Gottfried–Jackson
frame, where we use the direction of the ⌘

(0) as the analyzer (see Section 5.1.4). As already observed by previous
experiments [192–195], the �GJ distributions of both final states follow an approximate sin2

�GJ pattern [196,197] over
the full analyzed mass range. This corresponds to the dominance of M"

= 1+ waves (see also discussion below), which
is consistent with the fact that the overall t 0 spectrum is described by Eq. (248), which includes an explicit t 0 factor (cf.
also Eqs. (133) and (237)).

The dominant spin content of the data is visible in Fig. 40, which shows the correlation of cos#GJ of the ⌘
(0) with

the ⌘
(0)

⇡
� invariant mass. In the 1.3GeV/c2 mass region of the ⌘⇡

� data, the cos#GJ distribution exhibits a two-bump
structure that is characteristic for a D wave. This is consistent with the dominant a2(1320) signal (see also Fig. 37a). In
contrast, the modulation of the angular distribution is weaker in the ⌘

0
⇡

� data as is the a2(1320) signal. In the 2GeV/c2
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tions. For ⌘⇡ systems, we are studying ⌘ decays into �� or ⇡+⇡�⇡0. The
di↵erent decay modes of the ⌘ should contain the same physics yet have
di↵erent acceptances and backgrounds. Additionally, the charge exchange
and neutral reactions are complimentary and should provide information
on how hybrid mesons are produced.

3.1. �p ! ⌘⇡��++

Figure 2 shows cos ✓GJ as a function of ⌘⇡� mass for ⌘ ! ⇡+⇡�⇡0 (left)
and ⌘ ! �� (right), not corrected for acceptance. In both distributions,
clear enhancements are seen in the region of the a�

0 (980) and a�
2 (1320),

which have the expected S and D wave structures. One can also see how
the acceptances and backgrounds vary between ⌘ decay modes, particularly
at large ⌘⇡ masses. There is less acceptance as cos ✓ ! �1 for the 3⇡
decay when compared to the 2� decay. This leads to a larger amount of
background at cos ✓ ⇡ �1 in ⌘ ! ��, which comes from double Regge
exchange (e.g. Deck e↵ect).
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Fig. 2. cos ✓GJ as a function of M(⌘⇡�) where ⌘ ! ⇡+⇡�⇡0 (left) and ⌘ ! �� (right).

There are ⇡ 10x more statistics in the ⌘ ! �� than the ⌘ ! ⇡+⇡�⇡0

decay mode. The statistics in the ⌘ ! ⇡+⇡�⇡0 channel are comparable
to the COMPASS result13. A short term physics goal in these channels is
to study a0 and a2 production as a function of momentum transfer t. We
hope to use this information to test our understanding of the acceptance and
backgrounds. Additionally, we plan on studying double Regge exchange at
large ⌘⇡ masses. The goal here would be to constrain this background in
the resonance (a0, a2, ⇡1) region.

[arXiv:2001.05404v1]

[Phys.Lett.B 740 (2015) 303]
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 Malte Albrecht (IU)                                                                                                              CIPANP 2022

a2(1320)

Definitions

System described by 3 angles:

cos(✓) and � angles of one

daughter particle (⌘(0)
or ⇡) in

the ⌘(0)⇡ rest frame

Angle � between the

polarization vector and the

production plane

Possible JPC
states for ⌘(0)⇡ system with orbital momentum L:

L 0 1 2 3 ...
S P D F

JPC 0++ 1�+ 2++ 3�+ ...

! ⌘(0)⇡ in an odd wave (P ,F ,...) has exotic quantum numbers
Same amplitudes can be used for all ⌘(0)⇡ channels

M.Albrecht (IU) Search for Exotics in ⌘(0)⇡ 7
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• Simultaneous analysis of 

• Many resonances appear in 
2 or all 3 channels 

• Advantages: Common 
amplitudes, less fit parameters

pp ! K+K�⇡0, ⇡0⇡0⌘, ⇡0⌘⌘
<latexit sha1_base64="72W3pHj3fQT//85kxWJoP8BVq1Y=">AAACJnicbVBdS8MwFE39nPOr6qMvxSEIztGKoC/C0BdhLxPcB6zdSLN0C0ubkKTCKPs1vvhXfPFhIuKbP8W0K6KbF25yOOceknt8TolUtv1pLC2vrK6tFzaKm1vbO7vm3n5Tslgg3ECMMtH2ocSURLihiKK4zQWGoU9xyx/dpnrrEQtJWPSgxhx7IRxEJCAIKk31zGuXaTl1J3zCXcWsWve01j1zOenaZbec3bMDK/hDaJx2zyzZFTsraxE4OSiBvOo9c+r2GYpDHClEoZQdx+bKS6BQBFE8KbqxxByiERzgjoYRDLH0kmzNiXWsmb4VMKE7UlbG/nYkMJRyHPp6MoRqKOe1lPxP68QquPISEvFY4QjNHgpiauk00sysPhEYKTrWACJB9F8tNIQCIqWTLeoQnPmVF0HzvOLYFef+olS9yeMogENwBE6AAy5BFdyBOmgABJ7AC5iCN+PZeDXejY/Z6JKRew7AnzK+vgEalqTk</latexit><latexit sha1_base64="72W3pHj3fQT//85kxWJoP8BVq1Y=">AAACJnicbVBdS8MwFE39nPOr6qMvxSEIztGKoC/C0BdhLxPcB6zdSLN0C0ubkKTCKPs1vvhXfPFhIuKbP8W0K6KbF25yOOceknt8TolUtv1pLC2vrK6tFzaKm1vbO7vm3n5Tslgg3ECMMtH2ocSURLihiKK4zQWGoU9xyx/dpnrrEQtJWPSgxhx7IRxEJCAIKk31zGuXaTl1J3zCXcWsWve01j1zOenaZbec3bMDK/hDaJx2zyzZFTsraxE4OSiBvOo9c+r2GYpDHClEoZQdx+bKS6BQBFE8KbqxxByiERzgjoYRDLH0kmzNiXWsmb4VMKE7UlbG/nYkMJRyHPp6MoRqKOe1lPxP68QquPISEvFY4QjNHgpiauk00sysPhEYKTrWACJB9F8tNIQCIqWTLeoQnPmVF0HzvOLYFef+olS9yeMogENwBE6AAy5BFdyBOmgABJ7AC5iCN+PZeDXejY/Z6JKRew7AnzK+vgEalqTk</latexit><latexit sha1_base64="72W3pHj3fQT//85kxWJoP8BVq1Y=">AAACJnicbVBdS8MwFE39nPOr6qMvxSEIztGKoC/C0BdhLxPcB6zdSLN0C0ubkKTCKPs1vvhXfPFhIuKbP8W0K6KbF25yOOceknt8TolUtv1pLC2vrK6tFzaKm1vbO7vm3n5Tslgg3ECMMtH2ocSURLihiKK4zQWGoU9xyx/dpnrrEQtJWPSgxhx7IRxEJCAIKk31zGuXaTl1J3zCXcWsWve01j1zOenaZbec3bMDK/hDaJx2zyzZFTsraxE4OSiBvOo9c+r2GYpDHClEoZQdx+bKS6BQBFE8KbqxxByiERzgjoYRDLH0kmzNiXWsmb4VMKE7UlbG/nYkMJRyHPp6MoRqKOe1lPxP68QquPISEvFY4QjNHgpiauk00sysPhEYKTrWACJB9F8tNIQCIqWTLeoQnPmVF0HzvOLYFef+olS9yeMogENwBE6AAy5BFdyBOmgABJ7AC5iCN+PZeDXejY/Z6JKRew7AnzK+vgEalqTk</latexit><latexit sha1_base64="72W3pHj3fQT//85kxWJoP8BVq1Y=">AAACJnicbVBdS8MwFE39nPOr6qMvxSEIztGKoC/C0BdhLxPcB6zdSLN0C0ubkKTCKPs1vvhXfPFhIuKbP8W0K6KbF25yOOceknt8TolUtv1pLC2vrK6tFzaKm1vbO7vm3n5Tslgg3ECMMtH2ocSURLihiKK4zQWGoU9xyx/dpnrrEQtJWPSgxhx7IRxEJCAIKk31zGuXaTl1J3zCXcWsWve01j1zOenaZbec3bMDK/hDaJx2zyzZFTsraxE4OSiBvOo9c+r2GYpDHClEoZQdx+bKS6BQBFE8KbqxxByiERzgjoYRDLH0kmzNiXWsmb4VMKE7UlbG/nYkMJRyHPp6MoRqKOe1lPxP68QquPISEvFY4QjNHgpiauk00sysPhEYKTrWACJB9F8tNIQCIqWTLeoQnPmVF0HzvOLYFef+olS9yeMogENwBE6AAy5BFdyBOmgABJ7AC5iCN+PZeDXejY/Z6JKRew7AnzK+vgEalqTk</latexit>

pp
<latexit sha1_base64="Bl0988KOSRkTSDDviZLQUhmD1+s=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lEyaaUMzSUwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTmR4sxY3//21tY3Nre2Szvl3b39g8PK0XHLyFQT2iSSS92JsKGcCdq0zHLaUZriJOK0HY3vcr89odowKR7tVNEwwUPBYkawdVLYk87Ms5maqX6l6tf8OdAqCQpShQKNfuWrN5AkTaiwhGNjuoGvbJhhbRnhdFbupYYqTMZ4SLuOCpxQE2bzo2fo3CkDFEvtnrBorv5OZDgxZppEbjLBdmSWvVz8z+umNr4JMyZUaqkgi0VxypGVKG8ADZimxPKpI5ho5m5FZIQ1Jtb1VHYlBMtfXiWty1rg14KHq2r9tqijBKdwBhcQwDXU4R4a0AQCT/AMr/DmTbwX7937WIyueUXmBP7A+/wBh0OSlA==</latexit><latexit sha1_base64="Bl0988KOSRkTSDDviZLQUhmD1+s=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lEyaaUMzSUwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTmR4sxY3//21tY3Nre2Szvl3b39g8PK0XHLyFQT2iSSS92JsKGcCdq0zHLaUZriJOK0HY3vcr89odowKR7tVNEwwUPBYkawdVLYk87Ms5maqX6l6tf8OdAqCQpShQKNfuWrN5AkTaiwhGNjuoGvbJhhbRnhdFbupYYqTMZ4SLuOCpxQE2bzo2fo3CkDFEvtnrBorv5OZDgxZppEbjLBdmSWvVz8z+umNr4JMyZUaqkgi0VxypGVKG8ADZimxPKpI5ho5m5FZIQ1Jtb1VHYlBMtfXiWty1rg14KHq2r9tqijBKdwBhcQwDXU4R4a0AQCT/AMr/DmTbwX7937WIyueUXmBP7A+/wBh0OSlA==</latexit><latexit sha1_base64="Bl0988KOSRkTSDDviZLQUhmD1+s=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lEyaaUMzSUwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTmR4sxY3//21tY3Nre2Szvl3b39g8PK0XHLyFQT2iSSS92JsKGcCdq0zHLaUZriJOK0HY3vcr89odowKR7tVNEwwUPBYkawdVLYk87Ms5maqX6l6tf8OdAqCQpShQKNfuWrN5AkTaiwhGNjuoGvbJhhbRnhdFbupYYqTMZ4SLuOCpxQE2bzo2fo3CkDFEvtnrBorv5OZDgxZppEbjLBdmSWvVz8z+umNr4JMyZUaqkgi0VxypGVKG8ADZimxPKpI5ho5m5FZIQ1Jtb1VHYlBMtfXiWty1rg14KHq2r9tqijBKdwBhcQwDXU4R4a0AQCT/AMr/DmTbwX7937WIyueUXmBP7A+/wBh0OSlA==</latexit><latexit sha1_base64="Bl0988KOSRkTSDDviZLQUhmD1+s=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdFl047KCfUA7lEyaaUMzSUwyhTL0O9y4UMStH+POvzHTzkJbDwQO59zDvTmR4sxY3//21tY3Nre2Szvl3b39g8PK0XHLyFQT2iSSS92JsKGcCdq0zHLaUZriJOK0HY3vcr89odowKR7tVNEwwUPBYkawdVLYk87Ms5maqX6l6tf8OdAqCQpShQKNfuWrN5AkTaiwhGNjuoGvbJhhbRnhdFbupYYqTMZ4SLuOCpxQE2bzo2fo3CkDFEvtnrBorv5OZDgxZppEbjLBdmSWvVz8z+umNr4JMyZUaqkgi0VxypGVKG8ADZimxPKpI5ho5m5FZIQ1Jtb1VHYlBMtfXiWty1rg14KHq2r9tqijBKdwBhcQwDXU4R4a0AQCT/AMr/DmTbwX7937WIyueUXmBP7A+/wBh0OSlA==</latexit>

⇡0
<latexit sha1_base64="AVmxJBJ/VnYtuWDUf+aHwI2VA58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vZQ/uv1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQd5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3XPrXv3l7XGTRFHGU7gFM7BgytowB00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w9zno5v</latexit><latexit sha1_base64="AVmxJBJ/VnYtuWDUf+aHwI2VA58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vZQ/uv1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQd5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3XPrXv3l7XGTRFHGU7gFM7BgytowB00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w9zno5v</latexit><latexit sha1_base64="AVmxJBJ/VnYtuWDUf+aHwI2VA58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vZQ/uv1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQd5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3XPrXv3l7XGTRFHGU7gFM7BgytowB00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w9zno5v</latexit><latexit sha1_base64="AVmxJBJ/VnYtuWDUf+aHwI2VA58=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKpi20sWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LBTFIMYjqUPOKMGiv5vZQ/uv1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQd5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3XPrXv3l7XGTRFHGU7gFM7BgytowB00wQcGHJ7hFd4c6bw4787HorXkFDPH8AfO5w9zno5v</latexit>

⌘⌘
<latexit sha1_base64="5ce2/UY/3x6OR6xI4qwtcu2AyDM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGit1+2hoXoNqza27c5BV4hWkBgWag+pXfxizNEJpmKBa9zw3MX5GleFM4KzSTzUmlE3oCHuWShqh9rP5vTNyZpUhCWNlSxoyV39PZDTSehoFtjOiZqyXvVz8z+ulJrz2My6T1KBki0VhKoiJSf48GXKFzIipJZQpbm8lbEwVZcZGVLEheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAEDAc/wCm/Oo/PivDsfi9aSU8wcwx84nz8MxY/2</latexit><latexit sha1_base64="5ce2/UY/3x6OR6xI4qwtcu2AyDM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGit1+2hoXoNqza27c5BV4hWkBgWag+pXfxizNEJpmKBa9zw3MX5GleFM4KzSTzUmlE3oCHuWShqh9rP5vTNyZpUhCWNlSxoyV39PZDTSehoFtjOiZqyXvVz8z+ulJrz2My6T1KBki0VhKoiJSf48GXKFzIipJZQpbm8lbEwVZcZGVLEheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAEDAc/wCm/Oo/PivDsfi9aSU8wcwx84nz8MxY/2</latexit><latexit sha1_base64="5ce2/UY/3x6OR6xI4qwtcu2AyDM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGit1+2hoXoNqza27c5BV4hWkBgWag+pXfxizNEJpmKBa9zw3MX5GleFM4KzSTzUmlE3oCHuWShqh9rP5vTNyZpUhCWNlSxoyV39PZDTSehoFtjOiZqyXvVz8z+ulJrz2My6T1KBki0VhKoiJSf48GXKFzIipJZQpbm8lbEwVZcZGVLEheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAEDAc/wCm/Oo/PivDsfi9aSU8wcwx84nz8MxY/2</latexit><latexit sha1_base64="5ce2/UY/3x6OR6xI4qwtcu2AyDM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGit1+2hoXoNqza27c5BV4hWkBgWag+pXfxizNEJpmKBa9zw3MX5GleFM4KzSTzUmlE3oCHuWShqh9rP5vTNyZpUhCWNlSxoyV39PZDTSehoFtjOiZqyXvVz8z+ulJrz2My6T1KBki0VhKoiJSf48GXKFzIipJZQpbm8lbEwVZcZGVLEheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAEDAc/wCm/Oo/PivDsfi9aSU8wcwx84nz8MxY/2</latexit>

f0,2
<latexit sha1_base64="loJvAsY1dwkHWi2zTIYpPIXkrZ8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFPRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1AkHmXtVmw3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDsjF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDGz4RKUuSKLReFqSQYk/nvZCg0ZyinllCmhb2VsDHVlKFNqGRD8FZfXiftWtVzq95DvdK4zeMowhmcwyV4cA0NuIcmtIDBBJ7hFd6cxHlx3p2PZWvByWdO4Q+czx+O/I8L</latexit><latexit sha1_base64="loJvAsY1dwkHWi2zTIYpPIXkrZ8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFPRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1AkHmXtVmw3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDsjF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDGz4RKUuSKLReFqSQYk/nvZCg0ZyinllCmhb2VsDHVlKFNqGRD8FZfXiftWtVzq95DvdK4zeMowhmcwyV4cA0NuIcmtIDBBJ7hFd6cxHlx3p2PZWvByWdO4Q+czx+O/I8L</latexit><latexit sha1_base64="loJvAsY1dwkHWi2zTIYpPIXkrZ8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFPRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1AkHmXtVmw3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDsjF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDGz4RKUuSKLReFqSQYk/nvZCg0ZyinllCmhb2VsDHVlKFNqGRD8FZfXiftWtVzq95DvdK4zeMowhmcwyV4cA0NuIcmtIDBBJ7hFd6cxHlx3p2PZWvByWdO4Q+czx+O/I8L</latexit><latexit sha1_base64="loJvAsY1dwkHWi2zTIYpPIXkrZ8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFPRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1AkHmXtVmw3KFbfqLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDsjF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDGz4RKUuSKLReFqSQYk/nvZCg0ZyinllCmhb2VsDHVlKFNqGRD8FZfXiftWtVzq95DvdK4zeMowhmcwyV4cA0NuIcmtIDBBJ7hFd6cxHlx3p2PZWvByWdO4Q+czx+O/I8L</latexit>

a0,2
<latexit sha1_base64="ohP8nPrWxYk9f1PzZKyz3Utq9U8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFPRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1KGDzL2qzQblilt1FyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5N2req5Ve+hXmnc5nEU4QzO4RI8uIYG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w+HSo8G</latexit><latexit sha1_base64="ohP8nPrWxYk9f1PzZKyz3Utq9U8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFPRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1KGDzL2qzQblilt1FyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5N2req5Ve+hXmnc5nEU4QzO4RI8uIYG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w+HSo8G</latexit><latexit sha1_base64="ohP8nPrWxYk9f1PzZKyz3Utq9U8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFPRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1KGDzL2qzQblilt1FyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5N2req5Ve+hXmnc5nEU4QzO4RI8uIYG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w+HSo8G</latexit><latexit sha1_base64="ohP8nPrWxYk9f1PzZKyz3Utq9U8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkFPRY9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxIpDLrut1PY2Nza3inulvb2Dw6PyscnbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1KGDzL2qzQblilt1FyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tzp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjjZ0IlKXLFlovCVBKMyfx3MhSaM5RTSyjTwt5K2JhqytAmVLIheKsvr5N2req5Ve+hXmnc5nEU4QzO4RI8uIYG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w+HSo8G</latexit>

• Allows to separate contributions 
of different isospin

K+K�
<latexit sha1_base64="v8fpJd0at0pj9Nva6D8O6gB8zA4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMuuCHosehF6qWA/oN2WbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN1O/eYTVZpJ8WDGMfUjPBAsZAQbKzWq3bNq97xXLLlldwa0TLyMlCBDrVf86vQlSSIqDOFY67bnxsZPsTKMcDopdBJNY0xGeEDblgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XTkx47adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNC7Knlv27i9LlZssjjwcwTGcggdXUIE7qEEdCDzCM7zCmyOdF+fd+Zi35pxs5hD+wPn8AXMajmA=</latexit><latexit sha1_base64="v8fpJd0at0pj9Nva6D8O6gB8zA4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMuuCHosehF6qWA/oN2WbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN1O/eYTVZpJ8WDGMfUjPBAsZAQbKzWq3bNq97xXLLlldwa0TLyMlCBDrVf86vQlSSIqDOFY67bnxsZPsTKMcDopdBJNY0xGeEDblgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XTkx47adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNC7Knlv27i9LlZssjjwcwTGcggdXUIE7qEEdCDzCM7zCmyOdF+fd+Zi35pxs5hD+wPn8AXMajmA=</latexit><latexit sha1_base64="v8fpJd0at0pj9Nva6D8O6gB8zA4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMuuCHosehF6qWA/oN2WbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN1O/eYTVZpJ8WDGMfUjPBAsZAQbKzWq3bNq97xXLLlldwa0TLyMlCBDrVf86vQlSSIqDOFY67bnxsZPsTKMcDopdBJNY0xGeEDblgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XTkx47adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNC7Knlv27i9LlZssjjwcwTGcggdXUIE7qEEdCDzCM7zCmyOdF+fd+Zi35pxs5hD+wPn8AXMajmA=</latexit><latexit sha1_base64="v8fpJd0at0pj9Nva6D8O6gB8zA4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBEMuuCHosehF6qWA/oN2WbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QUPLRBFaJ5JL1QqwppwJWjfMcNqKFcVRwGkzGN1O/eYTVZpJ8WDGMfUjPBAsZAQbKzWq3bNq97xXLLlldwa0TLyMlCBDrVf86vQlSSIqDOFY67bnxsZPsTKMcDopdBJNY0xGeEDblgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XTkx47adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNC7Knlv27i9LlZssjjwcwTGcggdXUIE7qEEdCDzCM7zCmyOdF+fd+Zi35pxs5hD+wPn8AXMajmA=</latexit>

⇡0⌘
<latexit sha1_base64="rIwsptlbdYnoEFhgoPWY1IAI0uM=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6SJZbOdtEt3N2F3I5TQX+HFgyJe/Tne/Ddu2xy09cHA470ZZuZFKWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOskUxSZNeKI6EdHImcSmYYZjJ1VIRMSxHY1upn77CZVmibw34xRDQQaSxYwSY6WHIGWPXoCG9CpVr+bN4C4TvyBVKNDoVb6CfkIzgdJQTrTu+l5qwpwowyjHSTnINKaEjsgAu5ZKIlCH+ezgiXtqlb4bJ8qWNO5M/T2RE6H1WES2UxAz1IveVPzP62YmvgpzJtPMoKTzRXHGXZO40+/dPlNIDR9bQqhi9laXDoki1NiMyjYEf/HlZdI6r/lezb+7qNavizhKcAwncAY+XEIdbqEBTaAg4Ble4c1Rzovz7nzMW1ecYuYI/sD5/AF4PZAt</latexit><latexit sha1_base64="rIwsptlbdYnoEFhgoPWY1IAI0uM=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6SJZbOdtEt3N2F3I5TQX+HFgyJe/Tne/Ddu2xy09cHA470ZZuZFKWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOskUxSZNeKI6EdHImcSmYYZjJ1VIRMSxHY1upn77CZVmibw34xRDQQaSxYwSY6WHIGWPXoCG9CpVr+bN4C4TvyBVKNDoVb6CfkIzgdJQTrTu+l5qwpwowyjHSTnINKaEjsgAu5ZKIlCH+ezgiXtqlb4bJ8qWNO5M/T2RE6H1WES2UxAz1IveVPzP62YmvgpzJtPMoKTzRXHGXZO40+/dPlNIDR9bQqhi9laXDoki1NiMyjYEf/HlZdI6r/lezb+7qNavizhKcAwncAY+XEIdbqEBTaAg4Ble4c1Rzovz7nzMW1ecYuYI/sD5/AF4PZAt</latexit><latexit sha1_base64="rIwsptlbdYnoEFhgoPWY1IAI0uM=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6SJZbOdtEt3N2F3I5TQX+HFgyJe/Tne/Ddu2xy09cHA470ZZuZFKWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOskUxSZNeKI6EdHImcSmYYZjJ1VIRMSxHY1upn77CZVmibw34xRDQQaSxYwSY6WHIGWPXoCG9CpVr+bN4C4TvyBVKNDoVb6CfkIzgdJQTrTu+l5qwpwowyjHSTnINKaEjsgAu5ZKIlCH+ezgiXtqlb4bJ8qWNO5M/T2RE6H1WES2UxAz1IveVPzP62YmvgpzJtPMoKTzRXHGXZO40+/dPlNIDR9bQqhi9laXDoki1NiMyjYEf/HlZdI6r/lezb+7qNavizhKcAwncAY+XEIdbqEBTaAg4Ble4c1Rzovz7nzMW1ecYuYI/sD5/AF4PZAt</latexit><latexit sha1_base64="rIwsptlbdYnoEFhgoPWY1IAI0uM=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6SJZbOdtEt3N2F3I5TQX+HFgyJe/Tne/Ddu2xy09cHA470ZZuZFKWfaeN63s7K6tr6xWdoqb+/s7u1XDg5bOskUxSZNeKI6EdHImcSmYYZjJ1VIRMSxHY1upn77CZVmibw34xRDQQaSxYwSY6WHIGWPXoCG9CpVr+bN4C4TvyBVKNDoVb6CfkIzgdJQTrTu+l5qwpwowyjHSTnINKaEjsgAu5ZKIlCH+ezgiXtqlb4bJ8qWNO5M/T2RE6H1WES2UxAz1IveVPzP62YmvgpzJtPMoKTzRXHGXZO40+/dPlNIDR9bQqhi9laXDoki1NiMyjYEf/HlZdI6r/lezb+7qNavizhKcAwncAY+XEIdbqEBTaAg4Ble4c1Rzovz7nzMW1ecYuYI/sD5/AF4PZAt</latexit>
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Coupled Channel Analysis Preliminary

I Simultaneous fit of pp ! K+K�⇡0, ⇡0⇡0⌘, ⇡0⌘⌘ channels

! Advantages: Common amplitudes, common description of the dynamics

(K -matrix), less fit parameters

I Clean data samples were prepared at pp = 0.9GeV/c

I Kinematic fits, event-based background subtraction

K+K�⇡0 (⇠ 17.5k events) ⇡0⇡0⌘ (⇠ 90.4k events) ⇡0⌘⌘ (⇠ 10.5k events)

I Additional constraints by coupling to scattering data (phase & elasticity):

I I = 0 S� and D�wave ⇡⇡ ! ⇡⇡, KK , ⌘⌘ (⌘⌘0
),

I = 1 P-wave ⇡⇡ ! ⇡⇡
PRD 83 (2011) 074004, Nucl.Phys.B 64 (1973) 134-162,

Nucl.Phys.B 269 (1986) 485, Nuov.Cim.A 80 (1984) 363
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I Simultaneous fit of pp ! K+K�⇡0, ⇡0⇡0⌘, ⇡0⌘⌘ channels

! Advantages: Common amplitudes, common description of the dynamics

(K -matrix), less fit parameters

I Clean data samples were prepared at pp = 0.9GeV/c

I Kinematic fits, event-based background subtraction

K+K�⇡0 (⇠ 17.5k events) ⇡0⇡0⌘ (⇠ 90.4k events) ⇡0⌘⌘ (⇠ 10.5k events)

I Additional constraints by coupling to scattering data (phase & elasticity):

I I = 0 S� and D�wave ⇡⇡ ! ⇡⇡, KK , ⌘⌘ (⌘⌘0
),

I = 1 P-wave ⇡⇡ ! ⇡⇡
PRD 83 (2011) 074004, Nucl.Phys.B 64 (1973) 134-162,

Nucl.Phys.B 269 (1986) 485, Nuov.Cim.A 80 (1984) 363

Malte Albrecht (RUB EPI) PWA for e+e� and pp annihilations 10

• Proper consideration of analyticity and unitarity

• Clean data samples (                         ):

 

• Additional constraints by coupling to scattering data (phase&elasticity):

pp = 0.9GeV/c
<latexit sha1_base64="UjT2b2hibRzuzNQt1aFXQ3B+imQ=">AAACEXicbVDLSgMxFM34rPVVdelmsAhdSJ0RQV0IRRe6rGBboVNKJr1tg5lkSO6IZZhfcOOvuHGhiFt37vwb08dCrQcCh3POTXJPGAtu0PO+nJnZufmFxdxSfnlldW29sLFZNyrRDGpMCaVvQmpAcAk15CjgJtZAo1BAI7w9H/qNO9CGK3mNgxhaEe1J3uWMopXahVLcTgNlE8ML0jjLTr3ySbAXINyjVDqiIr2AerbP2oWiV/ZGcKeJPyFFMkG1XfgMOoolEUhkghrT9L0YWynVyJmALB8kBmLKbmkPmpZKGoFppaONMnfXKh23q7Q9Et2R+nMipZExgyi0yYhi3/z1huJ/XjPB7nEr5TJOECQbP9RNhIvKHdbjdrgGhmJgCWWa27+6rE81ZWhLzNsS/L8rT5P6Qdn3yv7VYbFyNqkjR7bJDikRnxyRCrkkVVIjjDyQJ/JCXp1H59l5c97H0RlnMrNFfsH5+AYFy528</latexit><latexit sha1_base64="UjT2b2hibRzuzNQt1aFXQ3B+imQ=">AAACEXicbVDLSgMxFM34rPVVdelmsAhdSJ0RQV0IRRe6rGBboVNKJr1tg5lkSO6IZZhfcOOvuHGhiFt37vwb08dCrQcCh3POTXJPGAtu0PO+nJnZufmFxdxSfnlldW29sLFZNyrRDGpMCaVvQmpAcAk15CjgJtZAo1BAI7w9H/qNO9CGK3mNgxhaEe1J3uWMopXahVLcTgNlE8ML0jjLTr3ySbAXINyjVDqiIr2AerbP2oWiV/ZGcKeJPyFFMkG1XfgMOoolEUhkghrT9L0YWynVyJmALB8kBmLKbmkPmpZKGoFppaONMnfXKh23q7Q9Et2R+nMipZExgyi0yYhi3/z1huJ/XjPB7nEr5TJOECQbP9RNhIvKHdbjdrgGhmJgCWWa27+6rE81ZWhLzNsS/L8rT5P6Qdn3yv7VYbFyNqkjR7bJDikRnxyRCrkkVVIjjDyQJ/JCXp1H59l5c97H0RlnMrNFfsH5+AYFy528</latexit><latexit sha1_base64="UjT2b2hibRzuzNQt1aFXQ3B+imQ=">AAACEXicbVDLSgMxFM34rPVVdelmsAhdSJ0RQV0IRRe6rGBboVNKJr1tg5lkSO6IZZhfcOOvuHGhiFt37vwb08dCrQcCh3POTXJPGAtu0PO+nJnZufmFxdxSfnlldW29sLFZNyrRDGpMCaVvQmpAcAk15CjgJtZAo1BAI7w9H/qNO9CGK3mNgxhaEe1J3uWMopXahVLcTgNlE8ML0jjLTr3ySbAXINyjVDqiIr2AerbP2oWiV/ZGcKeJPyFFMkG1XfgMOoolEUhkghrT9L0YWynVyJmALB8kBmLKbmkPmpZKGoFppaONMnfXKh23q7Q9Et2R+nMipZExgyi0yYhi3/z1huJ/XjPB7nEr5TJOECQbP9RNhIvKHdbjdrgGhmJgCWWa27+6rE81ZWhLzNsS/L8rT5P6Qdn3yv7VYbFyNqkjR7bJDikRnxyRCrkkVVIjjDyQJ/JCXp1H59l5c97H0RlnMrNFfsH5+AYFy528</latexit><latexit sha1_base64="UjT2b2hibRzuzNQt1aFXQ3B+imQ=">AAACEXicbVDLSgMxFM34rPVVdelmsAhdSJ0RQV0IRRe6rGBboVNKJr1tg5lkSO6IZZhfcOOvuHGhiFt37vwb08dCrQcCh3POTXJPGAtu0PO+nJnZufmFxdxSfnlldW29sLFZNyrRDGpMCaVvQmpAcAk15CjgJtZAo1BAI7w9H/qNO9CGK3mNgxhaEe1J3uWMopXahVLcTgNlE8ML0jjLTr3ySbAXINyjVDqiIr2AerbP2oWiV/ZGcKeJPyFFMkG1XfgMOoolEUhkghrT9L0YWynVyJmALB8kBmLKbmkPmpZKGoFppaONMnfXKh23q7Q9Et2R+nMipZExgyi0yYhi3/z1huJ/XjPB7nEr5TJOECQbP9RNhIvKHdbjdrgGhmJgCWWa27+6rE81ZWhLzNsS/L8rT5P6Qdn3yv7VYbFyNqkjR7bJDikRnxyRCrkkVVIjjDyQJ/JCXp1H59l5c97H0RlnMrNFfsH5+AYFy528</latexit>
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Coupled Channel Analysis: Fit Results

11

• K-Matrix descriptions for                             resonances

• Pole parameters and coupling strengths are free parameters

• Good description of data for      channels and scattering data

• Significant contribution of spin-exotic (                    ) wave!

• Extraction of a multitude of physics results: 
[Eur. Phys. J. C 80, 453 (2020)] 

f0, f2, ⇢, a0, a2
<latexit sha1_base64="NLTNCOtUU+hS2zyXLm0SJuGmS/g=">AAACBXicbVC7TsMwFL3hWcorwAiDRYXEUFVJhQRjBQtjkehDaqLIcZ3WquNEtoNURV1Y+BUWBhBi5R/Y+BvcNgO0HMm+R+fcK/ueMOVMacf5tlZW19Y3Nktb5e2d3b19++CwrZJMEtoiCU9kN8SKciZoSzPNaTeVFMchp51wdDP1Ow9UKpaIez1OqR/jgWARI1gbKbBPosCpetUoqJvbk8PEFDyTcFAP7IpTc2ZAy8QtSAUKNAP7y+snJIup0IRjpXquk2o/x1Izwumk7GWKppiM8ID2DBU4psrPZ1tM0JlR+ihKpDlCo5n6eyLHsVLjODSdMdZDtehNxf+8XqajKz9nIs00FWT+UJRxpBM0jQT1maRE87EhmEhm/orIEEtMtAmubEJwF1deJu16zXVq7t1FpXFdxFGCYziFc3DhEhpwC01oAYFHeIZXeLOerBfr3fqYt65YxcwR/IH1+QOHhJYG</latexit><latexit sha1_base64="NLTNCOtUU+hS2zyXLm0SJuGmS/g=">AAACBXicbVC7TsMwFL3hWcorwAiDRYXEUFVJhQRjBQtjkehDaqLIcZ3WquNEtoNURV1Y+BUWBhBi5R/Y+BvcNgO0HMm+R+fcK/ueMOVMacf5tlZW19Y3Nktb5e2d3b19++CwrZJMEtoiCU9kN8SKciZoSzPNaTeVFMchp51wdDP1Ow9UKpaIez1OqR/jgWARI1gbKbBPosCpetUoqJvbk8PEFDyTcFAP7IpTc2ZAy8QtSAUKNAP7y+snJIup0IRjpXquk2o/x1Izwumk7GWKppiM8ID2DBU4psrPZ1tM0JlR+ihKpDlCo5n6eyLHsVLjODSdMdZDtehNxf+8XqajKz9nIs00FWT+UJRxpBM0jQT1maRE87EhmEhm/orIEEtMtAmubEJwF1deJu16zXVq7t1FpXFdxFGCYziFc3DhEhpwC01oAYFHeIZXeLOerBfr3fqYt65YxcwR/IH1+QOHhJYG</latexit><latexit sha1_base64="NLTNCOtUU+hS2zyXLm0SJuGmS/g=">AAACBXicbVC7TsMwFL3hWcorwAiDRYXEUFVJhQRjBQtjkehDaqLIcZ3WquNEtoNURV1Y+BUWBhBi5R/Y+BvcNgO0HMm+R+fcK/ueMOVMacf5tlZW19Y3Nktb5e2d3b19++CwrZJMEtoiCU9kN8SKciZoSzPNaTeVFMchp51wdDP1Ow9UKpaIez1OqR/jgWARI1gbKbBPosCpetUoqJvbk8PEFDyTcFAP7IpTc2ZAy8QtSAUKNAP7y+snJIup0IRjpXquk2o/x1Izwumk7GWKppiM8ID2DBU4psrPZ1tM0JlR+ihKpDlCo5n6eyLHsVLjODSdMdZDtehNxf+8XqajKz9nIs00FWT+UJRxpBM0jQT1maRE87EhmEhm/orIEEtMtAmubEJwF1deJu16zXVq7t1FpXFdxFGCYziFc3DhEhpwC01oAYFHeIZXeLOerBfr3fqYt65YxcwR/IH1+QOHhJYG</latexit><latexit sha1_base64="NLTNCOtUU+hS2zyXLm0SJuGmS/g=">AAACBXicbVC7TsMwFL3hWcorwAiDRYXEUFVJhQRjBQtjkehDaqLIcZ3WquNEtoNURV1Y+BUWBhBi5R/Y+BvcNgO0HMm+R+fcK/ueMOVMacf5tlZW19Y3Nktb5e2d3b19++CwrZJMEtoiCU9kN8SKciZoSzPNaTeVFMchp51wdDP1Ow9UKpaIez1OqR/jgWARI1gbKbBPosCpetUoqJvbk8PEFDyTcFAP7IpTc2ZAy8QtSAUKNAP7y+snJIup0IRjpXquk2o/x1Izwumk7GWKppiM8ID2DBU4psrPZ1tM0JlR+ihKpDlCo5n6eyLHsVLjODSdMdZDtehNxf+8XqajKz9nIs00FWT+UJRxpBM0jQT1maRE87EhmEhm/orIEEtMtAmubEJwF1deJu16zXVq7t1FpXFdxFGCYziFc3DhEhpwC01oAYFHeIZXeLOerBfr3fqYt65YxcwR/IH1+QOHhJYG</latexit>
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hypothesis by adding theρ3(1690) resonance and for the ones
by adding the φ(1680) and a contribution of the π1 to the πηη

channel, respectively. But due to the additional large number
of free parameters the BIC criteria gets dramatically worse
compared to the best hypothesis. Alternatively to the π1 con-
tribution with one pole also this spin-exotic wave containing
two poles was tested but discarded because of worse ∆BIC-
and ∆AIC values. Also the description of the π1-wave with a
relativistic Breit-Wigner function led to a significantly worse
fit result. In addition fits have been performed by adding one
more pole for the f0-, f2-, a0- and a2-waves which are not
explicitly listed in Table 2. These fits do not yield significant
improvements. In most cases the additional poles move far
away from the real axis into the complex energy plane and
mimick the slowly varying behavior of the K-matrix back-
ground terms.

4.5 Comparison of data and fit

4.5.1 Results for p̄ p data

The fitted mass and decay angular distributions for the reac-
tions p̄ p → π0π0η , π0ηη and K+K−π0 are compared
with the data in Figs. 7, 8 and 9, respectively. A good descrip-
tion of the data can be clearly seen for all projections. In
Fig. 9c an acceptance hole is clearly visible in the produc-
tion angular distribution of the K±π0 system for cosθ p̄ p

K±π0

between 0.7 and 1. The loss of acceptance is caused by the
limited coverage of the jet drift chamber in the very forward
direction. However, this range can be fairly covered by the
extrapolation of the fit result.
A goodness of fit test of the obtained probability density
function to the data has been performed by utilizing a mul-
tivariate analysis based on the concept of statistical energy
[37]. The underlying principle is the comparison of the event
density distribution in the phasespace volume between the
reconstructed data sample and a set of Monte Carlo sam-
ples which are generated with the obtained fit parameters
and different random seeds each. This powerful binning free
approach makes use of the distance between the events in the
multidimensional phase-space volume. The p-value is cal-
culated from the number of the comparative scenarios with
energies above the nominal statistical energy φ f i t divided by
the number of all scenarios. The general idea behind and all
details of the energy test are explained extensively in [37]. As
shown in Fig. 10, p-values of 0.388, 0.414 and 0.854 demon-
strate the good description of the data for all three channels
π0π0η , π0ηη and K+K−π0 , respectively. Furthermore this
outcome reveals that the model selection based on the BIC
and AIC values is a good choice for the extraction of the best
fit hypothesis.
The reliability of the fit procedure has also been tested by an
input-output check. Based on the parameter file obtained by

0.5 1 1.5

]2) [GeV/c0π0πm(

0

0.5

1

1.5

2

310×

2
Ev

en
ts

 / 
10

 M
eV

/c

Data

Fit

a

1 1.5 2

]2) [GeV/cη0πm(

0

1

2

310×

b

1− 0.5− 0 0.5 1

η
pp)θcos(

0

a.
u.

c

1− 0.5− 0 0.5 1

0π

pp)θcos(

0

d

1− 0.5− 0 0.5 1

0π

η0π)θcos(

0

a.
u.

e

1− 0.5− 0 0.5 1

0π

0π0π)θcos(

0

f

2− 0 2

0π

η0πφ

0

a.
u. g

2− 0 2

0π

0π0πφ

0

h

Fig. 7 Not acceptance corrected invariant π0π0 and π0η mass distri-
butions (a, b), acceptance corrected decay angular distributions for the
production (c, d) and for the decay (e–h) of the reaction p̄ p → π0π0η.
The data are marked with red and the fit result is illustrated by black
dots with error bars

the best fit to the data (called reference fit), Monte Carlo
samples for the individual channels have been generated.
The reliability has been checked by performing fits where
the start parameters were randomized within 15 σ for the
amplitude and 10 σ for the resonance parameters. After the
fitting procedure the obtained physical quantities are com-
pared with the outcome of the reference fit. The agreement is
good and the deviations of all relevant quantities, i.e. differ-
ential cross sections, masses, widths, partial widths and spin
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the best fit to the data (called reference fit), Monte Carlo
samples for the individual channels have been generated.
The reliability has been checked by performing fits where
the start parameters were randomized within 15 σ for the
amplitude and 10 σ for the resonance parameters. After the
fitting procedure the obtained physical quantities are com-
pared with the outcome of the reference fit. The agreement is
good and the deviations of all relevant quantities, i.e. differ-
ential cross sections, masses, widths, partial widths and spin
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Results of Combined Fit with COMPASS Data
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Fig. 2 Fits to the πη (upper row) and πη′ (lower row) data from COMPASS. The intensities of the P- (left), D-wave (center), and their relative
phases (right) are shown. The data are represented by the red points with error bars. The black curve illustrates our best fit to the data, while the
yellow and gray bands represent the statistical and systematic uncertainty, respectively

Table 1 Obtained masses, total widths and ratios of partial widths for the pole of the spin-exotic π1-wave and for the two poles in the a2-wave, the
a2(1320) and the a2(1700). The first uncertainty is the statistical and the second the systematic one

Name Pole mass (MeV/c2) Pole width (MeV) Γπη′/Γπη (%) ΓKK /Γπη (%)

a2(1320) 1318.7± 1.9 +1.3
− 1.3 107.5± 4.6 +3.3

− 1.8 4.6± 1.5 +7.0
− 0.6 31± 22 +9

−11

a2(1700) 1686±22 +19
−7 412± 75 +64

−57 3.5± 4.4 +6.9
− 1.2 2.9± 4.0 +1.1

− 1.2

π1 1623 ± 47 +24
−75 455 ± 88 +144

−175 554± 110 +180
−27 –

well. It is worth mentioning that the K-matrix of the π1-
wave consisting of only one pole can reproduce the shapes
of the intensities in πη and πη′ even though there is a shift
of roughly 200 MeV/c2 of the peak position between both
channels [Fig. 2 (upper left) and (lower left)]. A significantly
worse fit result based on the information criteria was achieved
for the scenario in which the π1-wave in the channel p̄ p →
π0π0η has been removed from the model. The negative log-
likelihood value increases by more than 125 with only 20
free parameters less. Similar to the results obtained in [21]
also here the π1-wave amplitude is definitely needed for this
p̄ p-annihilation channel. Contrary to the outcome without
the π1 contribution, the fit taking into account two individual
π1-poles does not yield significantly worse results. Based on
the chosen Bayesian and Akaike information criteria [21] the
two-pole scenario cannot be completely excluded.

The pole positions for the individual resonances described
by the K-matrix are extracted in the complex energy plane of
the T-matrix on the Rieman sheet located next to the physical
sheet. To some extent also partial widths have been derived
from the residues calculated from the integral along a closed

contour around the pole. The procedure for the extraction of
these properties are explained in detail in [21]. The extracted
resonance parameters for the π1 and the two a2 states are
summarized in Table 1. The π1-mass is significantly higher
compared to the one published in [21]. This is compatible
with all other findings attributing a lower mass to π1, if only
πη decays are analyzed. One conjecture is that the require-
ment of unitarity cannot be strictly fulfilled for all analy-
ses that take into accout only one decay channel with a
weak coupling to the resonance. Apart from a larger width of
more than 400 MeV/c2 obtained for the a2(1700) resonance,
all other masses and widths are comparable with the ones
obtained in [20]. The absolute coupling strengths have not
been determined because the non-negligible decay channel
ρπ is not covered by the fitted data samples. Instead, the
ratios Γπη′/Γπη for all three poles and ΓKK /Γπη for the a2
resonances have been determined which should deliver more
reasonable results. The obtained quantities of the remain-
ing resonances can be found in Table 4 of the supplemental
material. The results are in the ballpark of other individual
measurements [29] and the ones published in [21], except the
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these properties are explained in detail in [21]. The extracted
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compared to the one published in [21]. This is compatible
with all other findings attributing a lower mass to π1, if only
πη decays are analyzed. One conjecture is that the require-
ment of unitarity cannot be strictly fulfilled for all analy-
ses that take into accout only one decay channel with a
weak coupling to the resonance. Apart from a larger width of
more than 400 MeV/c2 obtained for the a2(1700) resonance,
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ratios Γπη′/Γπη for all three poles and ΓKK /Γπη for the a2
resonances have been determined which should deliver more
reasonable results. The obtained quantities of the remain-
ing resonances can be found in Table 4 of the supplemental
material. The results are in the ballpark of other individual
measurements [29] and the ones published in [21], except the
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• Extension of recent analysis of COMPASS data in 
 channels from Joint Physics Analysis Center 

[A.Rodas et.al. PRL 122, 042002 (2019)]

• Sophisticated description of  wave with single 
pole coupling to two channels

➡ Enhancements at 1.4GeV in , 1.6GeV in  can 
be described by a single pole!

➡  and  hybrid meson candidates are 
the same?

ηπ, η′ π

1−+

ηπ η′ π

π1(1400) π1(1600)
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Results for pp Data and Properties for p
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● Good agreement for all intensities and phase shifts  

● Obtained resonance properties for p
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Fig. 2 Fits to the πη (upper row) and πη′ (lower row) data from COMPASS. The intensities of the P- (left), D-wave (center), and their relative
phases (right) are shown. The data are represented by the red points with error bars. The black curve illustrates our best fit to the data, while the
yellow and gray bands represent the statistical and systematic uncertainty, respectively

Table 1 Obtained masses, total widths and ratios of partial widths for the pole of the spin-exotic π1-wave and for the two poles in the a2-wave, the
a2(1320) and the a2(1700). The first uncertainty is the statistical and the second the systematic one

Name Pole mass (MeV/c2) Pole width (MeV) Γπη′/Γπη (%) ΓKK /Γπη (%)

a2(1320) 1318.7± 1.9 +1.3
− 1.3 107.5± 4.6 +3.3

− 1.8 4.6± 1.5 +7.0
− 0.6 31± 22 +9

−11

a2(1700) 1686±22 +19
−7 412± 75 +64

−57 3.5± 4.4 +6.9
− 1.2 2.9± 4.0 +1.1

− 1.2

π1 1623 ± 47 +24
−75 455 ± 88 +144

−175 554± 110 +180
−27 –

well. It is worth mentioning that the K-matrix of the π1-
wave consisting of only one pole can reproduce the shapes
of the intensities in πη and πη′ even though there is a shift
of roughly 200 MeV/c2 of the peak position between both
channels [Fig. 2 (upper left) and (lower left)]. A significantly
worse fit result based on the information criteria was achieved
for the scenario in which the π1-wave in the channel p̄ p →
π0π0η has been removed from the model. The negative log-
likelihood value increases by more than 125 with only 20
free parameters less. Similar to the results obtained in [21]
also here the π1-wave amplitude is definitely needed for this
p̄ p-annihilation channel. Contrary to the outcome without
the π1 contribution, the fit taking into account two individual
π1-poles does not yield significantly worse results. Based on
the chosen Bayesian and Akaike information criteria [21] the
two-pole scenario cannot be completely excluded.

The pole positions for the individual resonances described
by the K-matrix are extracted in the complex energy plane of
the T-matrix on the Rieman sheet located next to the physical
sheet. To some extent also partial widths have been derived
from the residues calculated from the integral along a closed

contour around the pole. The procedure for the extraction of
these properties are explained in detail in [21]. The extracted
resonance parameters for the π1 and the two a2 states are
summarized in Table 1. The π1-mass is significantly higher
compared to the one published in [21]. This is compatible
with all other findings attributing a lower mass to π1, if only
πη decays are analyzed. One conjecture is that the require-
ment of unitarity cannot be strictly fulfilled for all analy-
ses that take into accout only one decay channel with a
weak coupling to the resonance. Apart from a larger width of
more than 400 MeV/c2 obtained for the a2(1700) resonance,
all other masses and widths are comparable with the ones
obtained in [20]. The absolute coupling strengths have not
been determined because the non-negligible decay channel
ρπ is not covered by the fitted data samples. Instead, the
ratios Γπη′/Γπη for all three poles and ΓKK /Γπη for the a2
resonances have been determined which should deliver more
reasonable results. The obtained quantities of the remain-
ing resonances can be found in Table 4 of the supplemental
material. The results are in the ballpark of other individual
measurements [29] and the ones published in [21], except the
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well. It is worth mentioning that the K-matrix of the π1-
wave consisting of only one pole can reproduce the shapes
of the intensities in πη and πη′ even though there is a shift
of roughly 200 MeV/c2 of the peak position between both
channels [Fig. 2 (upper left) and (lower left)]. A significantly
worse fit result based on the information criteria was achieved
for the scenario in which the π1-wave in the channel p̄ p →
π0π0η has been removed from the model. The negative log-
likelihood value increases by more than 125 with only 20
free parameters less. Similar to the results obtained in [21]
also here the π1-wave amplitude is definitely needed for this
p̄ p-annihilation channel. Contrary to the outcome without
the π1 contribution, the fit taking into account two individual
π1-poles does not yield significantly worse results. Based on
the chosen Bayesian and Akaike information criteria [21] the
two-pole scenario cannot be completely excluded.

The pole positions for the individual resonances described
by the K-matrix are extracted in the complex energy plane of
the T-matrix on the Rieman sheet located next to the physical
sheet. To some extent also partial widths have been derived
from the residues calculated from the integral along a closed

contour around the pole. The procedure for the extraction of
these properties are explained in detail in [21]. The extracted
resonance parameters for the π1 and the two a2 states are
summarized in Table 1. The π1-mass is significantly higher
compared to the one published in [21]. This is compatible
with all other findings attributing a lower mass to π1, if only
πη decays are analyzed. One conjecture is that the require-
ment of unitarity cannot be strictly fulfilled for all analy-
ses that take into accout only one decay channel with a
weak coupling to the resonance. Apart from a larger width of
more than 400 MeV/c2 obtained for the a2(1700) resonance,
all other masses and widths are comparable with the ones
obtained in [20]. The absolute coupling strengths have not
been determined because the non-negligible decay channel
ρπ is not covered by the fitted data samples. Instead, the
ratios Γπη′/Γπη for all three poles and ΓKK /Γπη for the a2
resonances have been determined which should deliver more
reasonable results. The obtained quantities of the remain-
ing resonances can be found in Table 4 of the supplemental
material. The results are in the ballpark of other individual
measurements [29] and the ones published in [21], except the
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Spectroscopy using Photoproduction
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• Versatile process:

• Incoming photon may oscillate to  
             (Vector Meson Dominance)

• Various exchange particles possible

• Linear beam polarization filters 
naturality of exchanged particle

• Allows coupling to all lightest hybrid 
nonet states

�,!, ⇢
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• Production of mesonic resonances as well as target excitations

• Ideal also for Baryon spectroscopy  
→ background for meson production

• Complementary to       reaction used by COMPASS, E852, VES⇡N
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Hall-D at Jefferson Lab
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• JeffersonLab: Four main experimental halls

• CEBAF accelerator provides 12 GeV electron beam 

• Hall-D: Linearly polarized photon beam produced via bremsstrahlung from 
thin radiator

M. R. Shepherd 
Light Quark Exotics / Snowmass 

September 30, 2020

The Hall D Photon Beamline
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Beam Dump East ARC 

North LINAC 

Triplet PolarimeterThe GlueX Experiment

• Linearly polarized photon beam

• Large acceptance for charged and neutral final state particles

• 120 pb�1 data collected in GlueX Phase–1

Colin Gleason (Union College) July 28, 2021 4 / 19
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The GlueX Experiment
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M. R. Shepherd 
Light Quark Exotics / Snowmass 

September 30, 2020
5

Coverage:  , all 
Tracking:  

Calorimetry:  
Liquid Hydrogen Target

1∘ < θ < 120∘ ϕ
σp /p ≈ 1% − 5 %

σE /E ≈ 6 % / E + 2 %

M. R. Shepherd 
Light Quark Exotics / Snowmass 

September 30, 2020
5

Coverage:  , all 
Tracking:  

Calorimetry:  
Liquid Hydrogen Target

1∘ < θ < 120∘ ϕ
σp /p ≈ 1% − 5 %

σE /E ≈ 6 % / E + 2 %

• Linearly polarized, tagged photon beam (P≈40%)  
impinging on Liquid Hydrogen Target

• Four polarization orientations, coherent peak: ~8.2-8.8 GeV

• Large acceptance for charged and neutral final state particles

 Malte Albrecht (IU)                                                                                                              CIPANP 2022



                 at GlueX
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• Evidence for spin-exotic contribution from other experiments 
→ Key channel for GlueX

• Clear signals at             and              massesa0(980)
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<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>

�p ! ⌘⇡N

0.1< �t < 0.3 GeV2
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<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.3< �t < 0.6 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.6 < �t < 1.0 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0
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�p ! ⇡⌘N
<latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit>

Angular Distributions in ⌘⇡
Gottfried-Jackson Frame
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<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="ar0mQajempewOGrzCmIFyTuaJr4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmKXd8sVv+rPQJZJkJMK5Kh3y1+dXkIzyZSlAo1pB35qwzFqy6lgk1InMyxFOsQ+azuqUDITjmf3TsiJU3okTrQrZclM/T0xRmnMSEauU6IdmEVvKv7ntTMbX4VjrtLMMkXni+JMEJuQ6fOkxzWjVowcQaq5u5XQAWqk1kVUciEEiy8vk+ZZNbio+nfnldp1HkcRjuAYTiGAS6jBLdShARQEPMMrvHmP3ov37n3MWwtePnMIf+B9/gAGdo/1</latexit>�i
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⇡�
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i
= zGJ

where X ! ⌘0⇡�<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="bRJX+pYMcJ04VjgY5sa+gAkv8rk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyCb2T2WTIPJaZWSUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHDqFQTWieKK92KwFDOJK1bZjltJZqCiDhtRqPbqd98pNowJR/sOKGhgIFkMSNgndTtDEAI6LFuRpSY9Eplv+LPgJdJkJMyylHrlb46fUVSQaUlHIxpB35iwwy0ZYTTSbGTGpoAGcGAth2VIKgJs9nVE3zqlD6OlXYlLZ6pvycyEMaMReQ6BdihWfSm4n9eO7XxdZgxmaSWSjJfFKccW4WnEeA+05RYPnYEiGbuVkyGoIFYF1TRhRAsvrxMGueV4LLi31+Uqzd5HAV0jE7QGQrQFaqiO1RDdUSQRs/oFb15T96L9+59zFtXvHzmCP2B9/kD53CSxg==</latexit>
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• D1 (L = 2, m = 1) structure at ⇡ 1300
MeV in ⌘⇡� system (a2(1320))

• Similar to COMPASS D wave in ⌘⇡�

(PLB 740, 303 (2015))
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Angular Distributions in ⌘⇡
Gottfried-Jackson Frame
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)θcos(
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<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="ar0mQajempewOGrzCmIFyTuaJr4=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnBxEByhLnNXrJkd+/c3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTlDVoIhLditAwwRVrWG4Fa6WaoYwEe4iGN1P/4YlpwxN1b0cpCyX2FY85ReukVqePUmKXd8sVv+rPQJZJkJMK5Kh3y1+dXkIzyZSlAo1pB35qwzFqy6lgk1InMyxFOsQ+azuqUDITjmf3TsiJU3okTrQrZclM/T0xRmnMSEauU6IdmEVvKv7ntTMbX4VjrtLMMkXni+JMEJuQ6fOkxzWjVowcQaq5u5XQAWqk1kVUciEEiy8vk+ZZNbio+nfnldp1HkcRjuAYTiGAS6jBLdShARQEPMMrvHmP3ov37n3MWwtePnMIf+B9/gAGdo/1</latexit>�i

⌘0

⇡�

yGJ

�GJ

Rest Frame of X

p0
��

i
= zGJ

where X ! ⌘0⇡�<latexit sha1_base64="uvRztGMry6DCrglRhkSVWdglJjQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gOSUDbbTbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco14y2mpNLdiBouRcpbKFDybqY5TSLJO9HobuZ3nrg2QqWPOM54mNBBKmLBKFrJ7waoAo40yESvWnPr7hxklXgFqUGBZq/6FfQVyxOeIpPUGN9zMwwnVKNgkk8rQW54RtmIDrhvaUoTbsLJ/OQpObNKn8RK20qRzNXfExOaGDNOItuZUByaZW8m/uf5OcY34USkWY48ZYtFcS4JKjL7n/SF5gzl2BLKtLC3EjakmjK0KVVsCN7yy6ukfVH3ruruw2WtcVvEUYYTOIVz8OAaGnAPTWgBAwXP8ApvDjovzrvzsWgtOcXMMfyB8/kDXX6RTg==</latexit>

X ! ⌘⇡

<latexit sha1_base64="bRJX+pYMcJ04VjgY5sa+gAkv8rk=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyCb2T2WTIPJaZWSUs+Q8vHhTx6r9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHDqFQTWieKK92KwFDOJK1bZjltJZqCiDhtRqPbqd98pNowJR/sOKGhgIFkMSNgndTtDEAI6LFuRpSY9Eplv+LPgJdJkJMyylHrlb46fUVSQaUlHIxpB35iwwy0ZYTTSbGTGpoAGcGAth2VIKgJs9nVE3zqlD6OlXYlLZ6pvycyEMaMReQ6BdihWfSm4n9eO7XxdZgxmaSWSjJfFKccW4WnEeA+05RYPnYEiGbuVkyGoIFYF1TRhRAsvrxMGueV4LLi31+Uqzd5HAV0jE7QGQrQFaqiO1RDdUSQRs/oFb15T96L9+59zFtXvHzmCP2B9/kD53CSxg==</latexit>

�com
i

• D2 (L = 2, m = 2) structure at ⇡ 1300
MeV in ⌘⇡0 system (a2(1320))

• Belle: �� ! ⌘⇡0 sees a2 produced in
D2 state (PRD 80, 032001 (2009))
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• Angular distribution of                      
             signal clearly 
different between 
charged and neutral 
channels

a2(1320)
<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>
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and nucleon spin non-flip amplitudes (four coherent sums total):

X

�1,�2

������

X

`,m

⇣
(�)T `

m;�1�2
Re[Zm

` ] + i (+)T `
m;�1�2

Im[Zm
` ]

⌘
������

2

=

X

�1�2

X

`,m

X

`0,m0

⇣
(�)T `

m;�1�2
Re[Zm

` ] + i (+)T `
m;�1�2

Im[Zm
` ]

⌘
⇥

⇣
(�)T `0⇤

m0;�1�2
Re[Zm0

`0 ]� i (+)T `0⇤
m0;�1�2

Im[Zm0

`0 ]
⌘

= 2
X

k

X

`,m

X

`0,m0

⇣
[`](+)

m;k[`
0](+)⇤
m0;kIm[Zm

` ]Im[Zm0

`0 ] + [`](�)
m;k[`

0](�)⇤
m0;kRe[Z

m
` ]Re[Zm0

`0 ]
⌘

= 2
X

k

0

B@

������

X

`,m

[`](+)
m;kIm[Zm

` ]

������

2

+

������

X

`,m

[`](�)
m;kRe[Z

m
` ]

������

2
1

CA . (17)

Finally we arrive at a formulation of the intensity that involves four coherent sums for each configuration
of nucleon spin:

I(⌦,�) = 2
X

k

(
(1� P�)

������

X

`,m

[`](�)
m;kRe[Z

m
` (⌦,�)]

������

2

+ (1� P�)

������

X

`,m

[`](+)
m;kIm[Zm

` (⌦,�)]

������

2

+

(1 + P�)

������

X

`,m

[`](+)
m;kRe[Z

m
` (⌦,�)]

������

2

+ (1 + P�)

������

X

`,m

[`](�)
m;kIm[Zm

` (⌦,�)]

������

2 )
. (18)

These expressions can be easily implemented into AmpTools by absorbing a factor of
p

1± P� into

the definition of the amplitude. One would then fit for the [`](±)
m;k coe�cients in the four separate coherent

sums, where repeated [`](±)
m;k are constrained to be the same using the constrain keyword in the AmpTools

configuration file. The overall factor 2 is irrelevant as the intensity will be renormalized in the fitting
procedure. It would be useful to define an amplitude for the function Zm

` with appropriate flags such that
the calcAmplitude function returns, as a complex double data type, the real or imaginary part of Zm

` (which
is a purely real number).

Since there are no kinematic variables to distinguish between the spin flip (k = 1) and spin non-flip
(k = 0) amplitudes, it is anticipated that these two contributions to the intensity will result in an poorly
constrained fit. The contributions from two k values are not purely ambiguous since the coherent sums for
each k may contain a di↵erent set of interfering amplitudes depending that depends on k. Nevertheless, fit
instability seems highly likely for the general case where both k = 0 and k = 1 is included for all amplitudes.

Acknowledgement: I would like thank Vincent Mathieu for his help with checking and also independently
deriving the formulas above.

3

Definitions

System described by 3 angles:

cos(✓) and � angles of one

daughter particle (⌘(0)
or ⇡) in

the ⌘(0)⇡ rest frame

Angle � between the

polarization vector and the

production plane

Possible JPC
states for ⌘(0)⇡ system with orbital momentum L:

L 0 1 2 3 ...
S P D F

JPC 0++ 1�+ 2++ 3�+ ...

! ⌘(0)⇡ in an odd wave (P ,F ,...) has exotic quantum numbers
Same amplitudes can be used for all ⌘(0)⇡ channels

M.Albrecht (IU) Search for Exotics in ⌘(0)⇡ 7

• Described by three angles: 
            and      in the      rest frame, 
angle     between polarization vector  
and production plane

• Amplitudes incorporate beam  
polarization, are eigenstates of  
reflectivity   

• Basis:       amplitudes defined as     

• Complexity: Positive and negative reflectivity,                   allowed

• Frequent exchange with JPAC

⌘⇡
<latexit sha1_base64="CCPagtYHZ7Bwo8KiHGN9FQpjGSI=">AAAB7nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOTTjJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtRQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aGQ5OnMjWdmFmQQkETBUroaAMsiSW04/HdzG8/gbEiVY840RAlbKjEQHCGTmqHgCzUolep+jV/DrpKgoJUSYFGr/IV9lOeJaCQS2ZtN/A1RjkzKLiEaTnMLGjGx2wIXUcVS8BG+fzcKT13Sp8OUuNKIZ2rvydyllg7SWLXmTAc2WVvJv7ndTMc3ES5UDpDUHyxaJBJiimd/U77wgBHOXGEcSPcrZSPmGEcXUJlF0Kw/PIqaV3WAr8WPFxV67dFHCVySs7IBQnINamTe9IgTcLJmDyTV/Lmae/Fe/c+Fq1rXjFzQv7A+/wBUgKPiw==</latexit><latexit sha1_base64="CCPagtYHZ7Bwo8KiHGN9FQpjGSI=">AAAB7nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOTTjJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtRQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aGQ5OnMjWdmFmQQkETBUroaAMsiSW04/HdzG8/gbEiVY840RAlbKjEQHCGTmqHgCzUolep+jV/DrpKgoJUSYFGr/IV9lOeJaCQS2ZtN/A1RjkzKLiEaTnMLGjGx2wIXUcVS8BG+fzcKT13Sp8OUuNKIZ2rvydyllg7SWLXmTAc2WVvJv7ndTMc3ES5UDpDUHyxaJBJiimd/U77wgBHOXGEcSPcrZSPmGEcXUJlF0Kw/PIqaV3WAr8WPFxV67dFHCVySs7IBQnINamTe9IgTcLJmDyTV/Lmae/Fe/c+Fq1rXjFzQv7A+/wBUgKPiw==</latexit><latexit sha1_base64="CCPagtYHZ7Bwo8KiHGN9FQpjGSI=">AAAB7nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOTTjJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtRQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aGQ5OnMjWdmFmQQkETBUroaAMsiSW04/HdzG8/gbEiVY840RAlbKjEQHCGTmqHgCzUolep+jV/DrpKgoJUSYFGr/IV9lOeJaCQS2ZtN/A1RjkzKLiEaTnMLGjGx2wIXUcVS8BG+fzcKT13Sp8OUuNKIZ2rvydyllg7SWLXmTAc2WVvJv7ndTMc3ES5UDpDUHyxaJBJiimd/U77wgBHOXGEcSPcrZSPmGEcXUJlF0Kw/PIqaV3WAr8WPFxV67dFHCVySs7IBQnINamTe9IgTcLJmDyTV/Lmae/Fe/c+Fq1rXjFzQv7A+/wBUgKPiw==</latexit><latexit sha1_base64="CCPagtYHZ7Bwo8KiHGN9FQpjGSI=">AAAB7nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOTTjJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtRQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aGQ5OnMjWdmFmQQkETBUroaAMsiSW04/HdzG8/gbEiVY840RAlbKjEQHCGTmqHgCzUolep+jV/DrpKgoJUSYFGr/IV9lOeJaCQS2ZtN/A1RjkzKLiEaTnMLGjGx2wIXUcVS8BG+fzcKT13Sp8OUuNKIZ2rvydyllg7SWLXmTAc2WVvJv7ndTMc3ES5UDpDUHyxaJBJiimd/U77wgBHOXGEcSPcrZSPmGEcXUJlF0Kw/PIqaV3WAr8WPFxV67dFHCVySs7IBQnINamTe9IgTcLJmDyTV/Lmae/Fe/c+Fq1rXjFzQv7A+/wBUgKPiw==</latexit>

cos(✓)⌘
<latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit><latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit><latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit><latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit>

�⌘
<latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit><latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit><latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit><latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit>

�
<latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit><latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit><latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit><latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit>

Zm
l

<latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit>

Zm
l (⌦,�) = Y m

l (⌦)e�i�
<latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit><latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit><latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit><latexit sha1_base64="Cs8rz0bhvVlaWVUvqWy4DkG5sMk=">AAACF3icbVDJSgNBEO1xjXEb9eilMQgJaJgRQS9C0Is3I5hFsww9nUrSpHtm6O4RwpC/8OKvePGgiFe9+Td2FkQTHxQ83quiqp4fcaa043xZc/MLi0vLqZX06tr6xqa9tV1WYSwplGjIQ1n1iQLOAihppjlUIwlE+Bwqfu9i6FfuQSoWBje6H0FDkE7A2owSbSTPzt95CR80RbZ+JaBDDurFLsvhM3zr8R8xB83kkA2dgWdnnLwzAp4l7oRk0ARFz/6st0IaCwg05USpmutEupEQqRnlMEjXYwURoT3SgZqhARGgGsnorwHeN0oLt0NpKtB4pP6eSIhQqi980ymI7qppbyj+59Vi3T5tJCyIYg0BHS9qxxzrEA9Dwi0mgWreN4RQycytmHaJJFSbKNMmBHf65VlSPsq7Tt69Ps4UzidxpNAu2kNZ5KITVECXqIhKiKIH9IRe0Kv1aD1bb9b7uHXOmszsoD+wPr4Byw+ebg==</latexit>

m = �l...l
<latexit sha1_base64="kwsAz5Nl1/stiiirCvJ/P6y0EFI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyERQS9C0YvHCvYD2lA22027dHcTdzdCCf0TXjwo4tW/481/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3r7p/0NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/mfvuJKs1i+WAmCQ0EHkoWMYKNlTri+oy7rsv71ZrnejOgZeIXpAYFGv3qV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQze6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8eTRgihLDJ5Zgopi9FZERVpgYG1HFhuAvvrxMWueu77n+/UWtflPEUYYjOIZT8OES6nAHDWgCAQ7P8ApvzqPz4rw7H/PWklPMHMIfOJ8/mW2PAw==</latexit><latexit sha1_base64="kwsAz5Nl1/stiiirCvJ/P6y0EFI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyERQS9C0YvHCvYD2lA22027dHcTdzdCCf0TXjwo4tW/481/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3r7p/0NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/mfvuJKs1i+WAmCQ0EHkoWMYKNlTri+oy7rsv71ZrnejOgZeIXpAYFGv3qV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQze6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8eTRgihLDJ5Zgopi9FZERVpgYG1HFhuAvvrxMWueu77n+/UWtflPEUYYjOIZT8OES6nAHDWgCAQ7P8ApvzqPz4rw7H/PWklPMHMIfOJ8/mW2PAw==</latexit><latexit sha1_base64="kwsAz5Nl1/stiiirCvJ/P6y0EFI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyERQS9C0YvHCvYD2lA22027dHcTdzdCCf0TXjwo4tW/481/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3r7p/0NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/mfvuJKs1i+WAmCQ0EHkoWMYKNlTri+oy7rsv71ZrnejOgZeIXpAYFGv3qV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQze6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8eTRgihLDJ5Zgopi9FZERVpgYG1HFhuAvvrxMWueu77n+/UWtflPEUYYjOIZT8OES6nAHDWgCAQ7P8ApvzqPz4rw7H/PWklPMHMIfOJ8/mW2PAw==</latexit><latexit sha1_base64="kwsAz5Nl1/stiiirCvJ/P6y0EFI=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBiyERQS9C0YvHCvYD2lA22027dHcTdzdCCf0TXjwo4tW/481/46bNQVsfDDzem2FmXphwpo3nfTulldW19Y3yZmVre2d3r7p/0NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/mfvuJKs1i+WAmCQ0EHkoWMYKNlTri+oy7rsv71ZrnejOgZeIXpAYFGv3qV28Qk1RQaQjHWnd9LzFBhpVhhNNppZdqmmAyxkPatVRiQXWQze6dohOrDFAUK1vSoJn6eyLDQuuJCG2nwGakF71c/M/rpia6CjImk9RQSeaLopQjE6P8eTRgihLDJ5Zgopi9FZERVpgYG1HFhuAvvrxMWueu77n+/UWtflPEUYYjOIZT8OES6nAHDWgCAQ7P8ApvzqPz4rw7H/PWklPMHMIfOJ8/mW2PAw==</latexit>

[V.Mathieu et.al. (JPAC), PRD100(2019) 5, 054017]✏ = ±1
<latexit sha1_base64="v/wMfvnkx0GhAdFib8KMMEqS7Ng=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoRgl48RjAPyC5hdjKbDJkXM7NCXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91diWLU2CD49kpr6xubW+Xtys7u3n7VPzhsG5lpTFpYMqm7CTKEUUFallpGukoTxBNGOsn4duZ3Hok2VIoHO1Ek5mgoaEoxsk7q+9WIKEOZFPAaRoqHfb8W1IM54CoJC1IDBZp9/ysaSJxxIixmyJheGCgb50hbihmZVqLMEIXwGA1Jz1GBODFxPj98Ck+dMoCp1K6EhXP190SOuDETnrhOjuzILHsz8T+vl9n0Ks6pUJklAi8WpRmDVsJZCnBANcGWTRxBWFN3K8QjpBG2LquKCyFcfnmVtM/rYVAP7y9qjZsijjI4BifgDITgEjTAHWiCFsAgA8/gFbx5T96L9+59LFpLXjFzBP7A+/wBxdKSfg==</latexit><latexit sha1_base64="v/wMfvnkx0GhAdFib8KMMEqS7Ng=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoRgl48RjAPyC5hdjKbDJkXM7NCXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91diWLU2CD49kpr6xubW+Xtys7u3n7VPzhsG5lpTFpYMqm7CTKEUUFallpGukoTxBNGOsn4duZ3Hok2VIoHO1Ek5mgoaEoxsk7q+9WIKEOZFPAaRoqHfb8W1IM54CoJC1IDBZp9/ysaSJxxIixmyJheGCgb50hbihmZVqLMEIXwGA1Jz1GBODFxPj98Ck+dMoCp1K6EhXP190SOuDETnrhOjuzILHsz8T+vl9n0Ks6pUJklAi8WpRmDVsJZCnBANcGWTRxBWFN3K8QjpBG2LquKCyFcfnmVtM/rYVAP7y9qjZsijjI4BifgDITgEjTAHWiCFsAgA8/gFbx5T96L9+59LFpLXjFzBP7A+/wBxdKSfg==</latexit><latexit sha1_base64="v/wMfvnkx0GhAdFib8KMMEqS7Ng=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoRgl48RjAPyC5hdjKbDJkXM7NCXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91diWLU2CD49kpr6xubW+Xtys7u3n7VPzhsG5lpTFpYMqm7CTKEUUFallpGukoTxBNGOsn4duZ3Hok2VIoHO1Ek5mgoaEoxsk7q+9WIKEOZFPAaRoqHfb8W1IM54CoJC1IDBZp9/ysaSJxxIixmyJheGCgb50hbihmZVqLMEIXwGA1Jz1GBODFxPj98Ck+dMoCp1K6EhXP190SOuDETnrhOjuzILHsz8T+vl9n0Ks6pUJklAi8WpRmDVsJZCnBANcGWTRxBWFN3K8QjpBG2LquKCyFcfnmVtM/rYVAP7y9qjZsijjI4BifgDITgEjTAHWiCFsAgA8/gFbx5T96L9+59LFpLXjFzBP7A+/wBxdKSfg==</latexit><latexit sha1_base64="v/wMfvnkx0GhAdFib8KMMEqS7Ng=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoRgl48RjAPyC5hdjKbDJkXM7NCXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91diWLU2CD49kpr6xubW+Xtys7u3n7VPzhsG5lpTFpYMqm7CTKEUUFallpGukoTxBNGOsn4duZ3Hok2VIoHO1Ek5mgoaEoxsk7q+9WIKEOZFPAaRoqHfb8W1IM54CoJC1IDBZp9/ysaSJxxIixmyJheGCgb50hbihmZVqLMEIXwGA1Jz1GBODFxPj98Ck+dMoCp1K6EhXP190SOuDETnrhOjuzILHsz8T+vl9n0Ks6pUJklAi8WpRmDVsJZCnBANcGWTRxBWFN3K8QjpBG2LquKCyFcfnmVtM/rYVAP7y9qjZsijjI4BifgDITgEjTAHWiCFsAgA8/gFbx5T96L9+59LFpLXjFzBP7A+/wBxdKSfg==</latexit>

• High-energy t-channel picture: ‘reflectivity’ fixes the product of naturalities of 
the exchange particle and the produced resonance  
 
Naturality:  
      natural parity  for:  
  unnatural parity  for:  

• In case of :  
positive (negative) reflectivity = natural (unnatural) parity exchange

η = P(−1)J

η = + 1 JP = 0+,1−,2+, . . .
η = − 1 JP = 0−,1+,2−, . . .

ηπ

 Malte Albrecht (IU)                                                                                                              CIPANP 2022
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and nucleon spin non-flip amplitudes (four coherent sums total):
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Finally we arrive at a formulation of the intensity that involves four coherent sums for each configuration
of nucleon spin:
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These expressions can be easily implemented into AmpTools by absorbing a factor of
p

1± P� into

the definition of the amplitude. One would then fit for the [`](±)
m;k coe�cients in the four separate coherent

sums, where repeated [`](±)
m;k are constrained to be the same using the constrain keyword in the AmpTools

configuration file. The overall factor 2 is irrelevant as the intensity will be renormalized in the fitting
procedure. It would be useful to define an amplitude for the function Zm

` with appropriate flags such that
the calcAmplitude function returns, as a complex double data type, the real or imaginary part of Zm

` (which
is a purely real number).

Since there are no kinematic variables to distinguish between the spin flip (k = 1) and spin non-flip
(k = 0) amplitudes, it is anticipated that these two contributions to the intensity will result in an poorly
constrained fit. The contributions from two k values are not purely ambiguous since the coherent sums for
each k may contain a di↵erent set of interfering amplitudes depending that depends on k. Nevertheless, fit
instability seems highly likely for the general case where both k = 0 and k = 1 is included for all amplitudes.

Acknowledgement: I would like thank Vincent Mathieu for his help with checking and also independently
deriving the formulas above.

3

Definitions

System described by 3 angles:

cos(✓) and � angles of one

daughter particle (⌘(0)
or ⇡) in

the ⌘(0)⇡ rest frame

Angle � between the

polarization vector and the

production plane

Possible JPC
states for ⌘(0)⇡ system with orbital momentum L:

L 0 1 2 3 ...
S P D F

JPC 0++ 1�+ 2++ 3�+ ...

! ⌘(0)⇡ in an odd wave (P ,F ,...) has exotic quantum numbers
Same amplitudes can be used for all ⌘(0)⇡ channels

M.Albrecht (IU) Search for Exotics in ⌘(0)⇡ 7

• Described by three angles: 
            and      in the      rest frame, 
angle     between polarization vector  
and production plane

• Amplitudes incorporate beam  
polarization, are eigenstates of  
reflectivity   

• Basis:       amplitudes defined as     

• Complexity: Positive and negative reflectivity,                   allowed

• Frequent exchange with JPAC

⌘⇡
<latexit sha1_base64="CCPagtYHZ7Bwo8KiHGN9FQpjGSI=">AAAB7nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOTTjJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtRQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aGQ5OnMjWdmFmQQkETBUroaAMsiSW04/HdzG8/gbEiVY840RAlbKjEQHCGTmqHgCzUolep+jV/DrpKgoJUSYFGr/IV9lOeJaCQS2ZtN/A1RjkzKLiEaTnMLGjGx2wIXUcVS8BG+fzcKT13Sp8OUuNKIZ2rvydyllg7SWLXmTAc2WVvJv7ndTMc3ES5UDpDUHyxaJBJiimd/U77wgBHOXGEcSPcrZSPmGEcXUJlF0Kw/PIqaV3WAr8WPFxV67dFHCVySs7IBQnINamTe9IgTcLJmDyTV/Lmae/Fe/c+Fq1rXjFzQv7A+/wBUgKPiw==</latexit><latexit sha1_base64="CCPagtYHZ7Bwo8KiHGN9FQpjGSI=">AAAB7nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOTTjJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtRQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aGQ5OnMjWdmFmQQkETBUroaAMsiSW04/HdzG8/gbEiVY840RAlbKjEQHCGTmqHgCzUolep+jV/DrpKgoJUSYFGr/IV9lOeJaCQS2ZtN/A1RjkzKLiEaTnMLGjGx2wIXUcVS8BG+fzcKT13Sp8OUuNKIZ2rvydyllg7SWLXmTAc2WVvJv7ndTMc3ES5UDpDUHyxaJBJiimd/U77wgBHOXGEcSPcrZSPmGEcXUJlF0Kw/PIqaV3WAr8WPFxV67dFHCVySs7IBQnINamTe9IgTcLJmDyTV/Lmae/Fe/c+Fq1rXjFzQv7A+/wBUgKPiw==</latexit><latexit sha1_base64="CCPagtYHZ7Bwo8KiHGN9FQpjGSI=">AAAB7nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOTTjJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtRQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aGQ5OnMjWdmFmQQkETBUroaAMsiSW04/HdzG8/gbEiVY840RAlbKjEQHCGTmqHgCzUolep+jV/DrpKgoJUSYFGr/IV9lOeJaCQS2ZtN/A1RjkzKLiEaTnMLGjGx2wIXUcVS8BG+fzcKT13Sp8OUuNKIZ2rvydyllg7SWLXmTAc2WVvJv7ndTMc3ES5UDpDUHyxaJBJiimd/U77wgBHOXGEcSPcrZSPmGEcXUJlF0Kw/PIqaV3WAr8WPFxV67dFHCVySs7IBQnINamTe9IgTcLJmDyTV/Lmae/Fe/c+Fq1rXjFzQv7A+/wBUgKPiw==</latexit><latexit sha1_base64="CCPagtYHZ7Bwo8KiHGN9FQpjGSI=">AAAB7nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCeUB2CbOTTjJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtRQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aGQ5OnMjWdmFmQQkETBUroaAMsiSW04/HdzG8/gbEiVY840RAlbKjEQHCGTmqHgCzUolep+jV/DrpKgoJUSYFGr/IV9lOeJaCQS2ZtN/A1RjkzKLiEaTnMLGjGx2wIXUcVS8BG+fzcKT13Sp8OUuNKIZ2rvydyllg7SWLXmTAc2WVvJv7ndTMc3ES5UDpDUHyxaJBJiimd/U77wgBHOXGEcSPcrZSPmGEcXUJlF0Kw/PIqaV3WAr8WPFxV67dFHCVySs7IBQnINamTe9IgTcLJmDyTV/Lmae/Fe/c+Fq1rXjFzQv7A+/wBUgKPiw==</latexit>

cos(✓)⌘
<latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit><latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit><latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit><latexit sha1_base64="/LbdbkNxzPMkTSef7RKBxJ9t4V8=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiQi6LLoxmUF+4AmhMl00g6dTMLMjRBC/RU3LhRx64e482+ctllo64HLPZxzL3PnhKngGhzn21pb39jc2q7sVHf39g8O7aPjrk4yRVmHJiJR/ZBoJrhkHeAgWD9VjMShYL1wcjvze49MaZ7IB8hT5sdkJHnEKQEjBXbNo4lueDBmQM6DwjNtGth1p+nMgVeJW5I6KtEO7C9vmNAsZhKoIFoPXCcFvyAKOBVsWvUyzVJCJ2TEBoZKEjPtF/Pjp/jMKEMcJcqUBDxXf28UJNY6j0MzGRMY62VvJv7nDTKIrv2CyzQDJunioSgTGBI8SwIPuWIURG4IoYqbWzEdE0UomLyqJgR3+curpHvRdJ2me39Zb92UcVTQCTpFDeSiK9RCd6iNOoiiHD2jV/RmPVkv1rv1sRhds8qdGvoD6/MHmYyUug==</latexit>

�⌘
<latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit><latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit><latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit><latexit sha1_base64="bDKCUuiT/ByZEhve7YgKTJ4vheQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthaSUDbbTbt0kw27E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmVtfWNzq7pd29nd2z+oHx51jco14x2mpNK9iBouRco7KFDyXqY5TSLJH6Px7cx/fOLaCJU+4CTjYUKHqYgFo2glP8hGol8EHOm0X2+4TXcOskq8kjSgRLtf/woGiuUJT5FJaozvuRmGBdUomOTTWpAbnlE2pkPuW5rShJuwmJ88JWdWGZBYaVspkrn6e6KgiTGTJLKdCcWRWfZm4n+en2N8HRYizXLkKVssinNJUJHZ/2QgNGcoJ5ZQpoW9lbAR1ZShTalmQ/CWX14l3Yum5za9+8tG66aMowoncArn4MEVtOAO2tABBgqe4RXeHHRenHfnY9FaccqZY/gD5/MHmWuRcg==</latexit>

�
<latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit><latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit><latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit><latexit sha1_base64="S2XWeZLfl/DBcqkmC18adcutedA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtp0E7YsN7wm/4caJUEJWlAifaw/jUYKZIJKi3h2Jh+4Kc2zLG2jHA6qw0yQ1NMJnhM+45KLKgJ8/mtM3TmlBGKlXYlLZqrvydyLIyZish1CmwTs+wV4n9eP7PxdZgzmWaWSrJYFGccWYWKx9GIaUosnzqCiWbuVkQSrDGxLp6aCyFYfnmVdC+agd8M7i8brZsyjiqcwCmcQwBX0II7aEMHCCTwDK/w5gnvxXv3PhatFa+cOYY/8D5/AOK5jh8=</latexit>

Zm
l

<latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit><latexit sha1_base64="4XfdcHexehrPmZenbwBTz4AwNVw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeWASw+ykNxkyM7vMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHeFieDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJk41wzqLRaxbITUouMK65VZgK9FIZSiwGY5upn7zCbXhsbq34wS7kg4Ujzij1knNh14mJo+yVyr7FX8GskyCnJQhR61X+ur0Y5ZKVJYJakw78BPbzai2nAmcFDupwYSyER1g21FFJZpuNjt3Qk6d0idRrF0pS2bq74mMSmPGMnSdktqhWfSm4n9eO7XRVTfjKkktKjZfFKWC2JhMfyd9rpFZMXaEMs3drYQNqabMuoSKLoRg8eVl0jivBH4luLsoV6/zOApwDCdwBgFcQhVuoQZ1YDCCZ3iFNy/xXrx372PeuuLlM0fwB97nD345j6g=</latexit>
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 Malte Albrecht (IU)                                                                                                              CIPANP 2022



�p ! ⌘⇡0p D waves

0.1< �t <0.3 GeV2
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• D+

2
is the dominant D

wave in the a2(1320)
region at low �t X

• Structures seen around
a2(1700)

• Will need to identify
correct waves and
confirm phase motion
for hybrid search

• How does D wave evolve
as a function of �t?
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Fit to                  data (                         )
• Combined fit, all polarization orientations

• Large S-wave, positive reflectivity contribution

• Non-resonant?

• Contribution from  
other resonance(s)?  
( , …)

• Clear signal in    D-wave

• Waveset based on Tensor Meson Dominance 
model: 
 
        
 
[V.Mathieu et.al. (JPAC) PRD 102, 014003 (2020)] 

• Perform semi - mass independent fit to extract 
 contribution - will anker P-wave extraction 

 

a2(1700), a0(1450)

m = + 2

Lϵ
m = S±

0 , D±
0 , D±

1 , D+
2 , D−

−1

a2

�p ! ⇡0⌘p
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�p ! ⌘⇡0p S wave

0.1< �t <0.3 GeV2

• Expect an S wave for the
a0(980)

• + reflectivity dominant
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• Dominant structure in a0(980)
is the S+

0
wave X

• Large S+

0
under a2(1320)

• Leakage or acceptance e↵ect?
• Validation with MC

• D wave should be dominated by
D+

2
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0.1 < �t < 0.3GeV2
<latexit sha1_base64="zvSmNnwbfc3dI04SUwNG08JgWMA=">AAACAXicbVA9SwNBEN2LXzF+ndoINodBsNBwFwUtUgQttIxgPiCJYW8zlyzZ+2B3TgxHbPwrNhaK2Pov7Pw3bpIrNPpg4PHeDDPz3Ehwhbb9ZWTm5hcWl7LLuZXVtfUNc3OrpsJYMqiyUISy4VIFggdQRY4CGpEE6rsC6u7gYuzX70AqHgY3OIyg7dNewD3OKGqpY+7YBad0hCW7cNw6bCHcY3IJtdFtsWPm7YI9gfWXOCnJkxSVjvnZ6oYs9iFAJqhSTceOsJ1QiZwJGOVasYKIsgHtQVPTgPqg2snkg5G1r5Wu5YVSV4DWRP05kVBfqaHv6k6fYl/NemPxP68Zo3fWTngQxQgBmy7yYmFhaI3jsLpcAkMx1IQyyfWtFutTSRnq0HI6BGf25b+kViw4Osbrk3z5PI0jS3bJHjkgDjklZXJFKqRKGHkgT+SFvBqPxrPxZrxPWzNGOrNNfsH4+AaHAJUH</latexit><latexit sha1_base64="zvSmNnwbfc3dI04SUwNG08JgWMA=">AAACAXicbVA9SwNBEN2LXzF+ndoINodBsNBwFwUtUgQttIxgPiCJYW8zlyzZ+2B3TgxHbPwrNhaK2Pov7Pw3bpIrNPpg4PHeDDPz3Ehwhbb9ZWTm5hcWl7LLuZXVtfUNc3OrpsJYMqiyUISy4VIFggdQRY4CGpEE6rsC6u7gYuzX70AqHgY3OIyg7dNewD3OKGqpY+7YBad0hCW7cNw6bCHcY3IJtdFtsWPm7YI9gfWXOCnJkxSVjvnZ6oYs9iFAJqhSTceOsJ1QiZwJGOVasYKIsgHtQVPTgPqg2snkg5G1r5Wu5YVSV4DWRP05kVBfqaHv6k6fYl/NemPxP68Zo3fWTngQxQgBmy7yYmFhaI3jsLpcAkMx1IQyyfWtFutTSRnq0HI6BGf25b+kViw4Osbrk3z5PI0jS3bJHjkgDjklZXJFKqRKGHkgT+SFvBqPxrPxZrxPWzNGOrNNfsH4+AaHAJUH</latexit><latexit sha1_base64="zvSmNnwbfc3dI04SUwNG08JgWMA=">AAACAXicbVA9SwNBEN2LXzF+ndoINodBsNBwFwUtUgQttIxgPiCJYW8zlyzZ+2B3TgxHbPwrNhaK2Pov7Pw3bpIrNPpg4PHeDDPz3Ehwhbb9ZWTm5hcWl7LLuZXVtfUNc3OrpsJYMqiyUISy4VIFggdQRY4CGpEE6rsC6u7gYuzX70AqHgY3OIyg7dNewD3OKGqpY+7YBad0hCW7cNw6bCHcY3IJtdFtsWPm7YI9gfWXOCnJkxSVjvnZ6oYs9iFAJqhSTceOsJ1QiZwJGOVasYKIsgHtQVPTgPqg2snkg5G1r5Wu5YVSV4DWRP05kVBfqaHv6k6fYl/NemPxP68Zo3fWTngQxQgBmy7yYmFhaI3jsLpcAkMx1IQyyfWtFutTSRnq0HI6BGf25b+kViw4Osbrk3z5PI0jS3bJHjkgDjklZXJFKqRKGHkgT+SFvBqPxrPxZrxPWzNGOrNNfsH4+AaHAJUH</latexit><latexit sha1_base64="zvSmNnwbfc3dI04SUwNG08JgWMA=">AAACAXicbVA9SwNBEN2LXzF+ndoINodBsNBwFwUtUgQttIxgPiCJYW8zlyzZ+2B3TgxHbPwrNhaK2Pov7Pw3bpIrNPpg4PHeDDPz3Ehwhbb9ZWTm5hcWl7LLuZXVtfUNc3OrpsJYMqiyUISy4VIFggdQRY4CGpEE6rsC6u7gYuzX70AqHgY3OIyg7dNewD3OKGqpY+7YBad0hCW7cNw6bCHcY3IJtdFtsWPm7YI9gfWXOCnJkxSVjvnZ6oYs9iFAJqhSTceOsJ1QiZwJGOVasYKIsgHtQVPTgPqg2snkg5G1r5Wu5YVSV4DWRP05kVBfqaHv6k6fYl/NemPxP68Zo3fWTngQxQgBmy7yYmFhaI3jsLpcAkMx1IQyyfWtFutTSRnq0HI6BGf25b+kViw4Osbrk3z5PI0jS3bJHjkgDjklZXJFKqRKGHkgT+SFvBqPxrPxZrxPWzNGOrNNfsH4+AaHAJUH</latexit>

18 Malte Albrecht (IU)                                                                                                              CIPANP 2022



Semi-Model Independent Fit (               )
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�p ! ⇡0⌘p
<latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit><latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit><latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit><latexit sha1_base64="fvZj5E6teOxbFAAIctysJVIB+Sg=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjgi6LblxWsA/ojCWTZtrQZDIkd4QyduGvuHGhiFt/w51/Y9rOQlsPXDg5515y74lSwQ143reztLyyurZe2ihvbm3v7Lp7+02jMk1ZgyqhdDsihgmesAZwEKydakZkJFgrGl5P/NYD04ar5A5GKQsl6Sc85pSAlbruYdAnUhKcBqCClN97AQP76roVr+pNgReJX5AKKlDvul9BT9FMsgSoIMZ0fC+FMCcaOBVsXA4yw1JCh6TPOpYmRDIT5tP9x/jEKj0cK20rATxVf0/kRBozkpHtlAQGZt6biP95nQziyzDnSZoBS+jsozgTGBSehIF7XDMKYmQJoZrbXTEdEE0o2MjKNgR//uRF0jyr+l7Vvz2v1K6KOEroCB2jU+SjC1RDN6iOGoiiR/SMXtGb8+S8OO/Ox6x1ySlmDtAfOJ8/S86Vng==</latexit>

0.1 < t < 0.2 GeV2

                 at GlueX

20

• Evidence for spin-exotic contribution from other experiments 
→ Key channel for GlueX

• Clear signals at             and              massesa0(980)
<latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit>

a2(1320)
<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>

�p ! ⌘⇡N

0.1< �t < 0.3 GeV2
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<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.3< �t < 0.6 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.6 < �t < 1.0 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0
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�p ! ⇡⌘N
<latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit>
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“mass-independent” S-wave

: Breit-Wigner a2(1320)

pos. reflectivity neg. reflectivity 
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Extracted Cross Section

20

• Including  has impact on result, tail underneath  
 More sophisticated model being tested together with JPAC

• Good agreement with theory prediction

• Extraction of cross section well advanced, systematic checks started

a2(1700) a2(1320)
→

                 at GlueX

20

• Evidence for spin-exotic contribution from other experiments 
→ Key channel for GlueX

• Clear signals at             and              massesa0(980)
<latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit>

a2(1320)
<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>

�p ! ⌘⇡N

0.1< �t < 0.3 GeV2

1 1.5 2 2.5 3
0

500

1000

1500

2000

)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>

⌘⇡0

0.3< �t < 0.6 GeV2
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)-πηM(

<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>
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0.6 < �t < 1.0 GeV2
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<latexit sha1_base64="Vt79W1RGoHceBqCmHSc8CNf6CqU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURRY9FLx4r2A9IYtlsN+3SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Adf9dkorq2vrG+XNytb2zu5edf+gbVSmKWtRJZTuRsQwwSVrAQfBuqlmJIkE60Sj26nfeWLacCUfYJyyMCEDyWNOCVjJDxiQIOWP+dmkV625dXcGvEy8gtRQgWav+hX0Fc0SJoEKYozvuSmEOdHAqWCTSpAZlhI6IgPmWypJwkyYz06e4BOr9HGstC0JeKb+nshJYsw4iWxnQmBoFr2p+J/nZxBfhzmXaQZM0vmiOBMYFJ7+j/tcMwpibAmhmttbMR0STSjYlCo2BG/x5WXSPq97l3X3/qLWuCniKKMjdIxOkYeuUAPdoSZqIYoUekav6M0B58V5dz7mrSWnmDlEf+B8/gA/QpE6</latexit>

⌘⇡�

<latexit sha1_base64="Nt/HneSXYNK0aeF//AuywM/4nGk=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68VjBfkATy2a7aZduNmF3IpTQn+HFgyJe/TXe/Ddu2xy09cHA470ZZuaFqRQGXffbWVldW9/YLG2Vt3d29/YrB4ctk2Sa8SZLZKI7ITVcCsWbKFDyTqo5jUPJ2+Hoduq3n7g2IlEPOE55ENOBEpFgFK3U9TlSPxWPuTvpVapuzZ2BLBOvIFUo0OhVvvx+wrKYK2SSGtP13BSDnGoUTPJJ2c8MTykb0QHvWqpozE2Qz06ekFOr9EmUaFsKyUz9PZHT2JhxHNrOmOLQLHpT8T+vm2F0HeRCpRlyxeaLokwSTMj0f9IXmjOUY0so08LeStiQasrQplS2IXiLLy+T1nnNu6y59xfV+k0RRwmO4QTOwIMrqMMdNKAJDBJ4hld4c9B5cd6dj3nrilPMHMEfOJ8/Q9GRPQ==</latexit>
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<latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit><latexit sha1_base64="8bhCBuyUA8BgNluoZHYI9ZbD8ug=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEBD0WvXiSCvYDmlAm2027dDdZdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRdJzrTxvG+ntLK6tr5R3qxsbe/s7rn7By2dZorQJkl5qjoRaMpZQpuGGU47UlEQEaftaHQz9duPVGmWJg9mLGkoYJCwmBEwVuq5R8EAhAAsA5PiQLKAGsB3Pbfq1bwZ8DLxC1JFBRo99yvopyQTNDGEg9Zd35MmzEEZRjidVIJMUwlkBAPatTQBQXWYz86f4FOr9HGcKluJwTP190QOQuuxiGynADPUi95U/M/rZia+CnOWyMzQhMwXxRnH9tVpFrjPFCWGjy0Bopi9FZMhKCDGJlaxIfiLLy+T1nnN92r+/UW1fl3EUUbH6ASdIR9dojq6RQ3URATl6Bm9ojfnyXlx3p2PeWvJKWYO0R84nz9DKpUE</latexit>

 Malte Albrecht (IU)                                                                                                                 JLab Physics Seminar

Natural exchange

Unnatural exchange

Stat. uncertainties only!

Theory prediction (JPAC)

-

 Malte Albrecht (IU)                                                                                                              CIPANP 2022
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++ D waves

0.1< �t <0.3 GeV2
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• Dominant structure is
D�
1

X
• unnatural (⇡) parity

exchange expected to
dominate at low �t

• D�
0

also has a large
contribution

• Tail in D�
1

wave related
to a2(1700)?
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Fit to                        data (                         )

• Combined fit, all polarization 
orientations

• Dominant S-wave contribution in 
negative reflectivity component

• Large contribution in             
mass region

• Clear signal in               D-wave  
(            ), negative reflectivity

• Expected for unnatural parity 
exchange (pion exchange)

• Tail in D1 wave related to  
              ?
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++ S wave

0.1< �t <0.3 GeV2
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• Expect an S wave for the
a0(980)

• � reflectivity dominant
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• Dominant structure in a�
0
(980)

is the S�
0

wave X
• Some S+

0
under a2(1320)

• a�
2
(1320) should be dominated

by D�
1
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<latexit sha1_base64="QX0lvWx5D5P3DFKzeZ0JzRYrVHY=">AAACCXicbVDLSgNBEJz1bXxFPXoZDIIQDLsi6DGoB48KRgPZGHonnWTIzO4y0yuEJVcv/ooXD4p49Q+8+TdOYg6+CgaKqm56qqJUSUu+/+FNTc/Mzs0vLBaWlldW14rrG1c2yYzAmkhUYuoRWFQyxhpJUlhPDYKOFF5H/ZORf32LxsokvqRBik0N3Vh2pAByUqvIwy5oDTwNKeFhKm/2QiQIT1ER3OTl8rBVLPkVfwz+lwQTUmITnLeK72E7EZnGmIQCaxuBn1IzB0NSKBwWwsxiCqIPXWw4GoNG28zHSYZ8xylt3kmMezHxsfp9Iwdt7UBHblID9exvbyT+5zUy6hw1cxmnGWEsvg51MsVd6lEtvC0NClIDR0AY6f7KRQ8MCHLlFVwJwe/If8nVfiXwK8HFQal6PKljgW2xbbbLAnbIquyMnbMaE+yOPbAn9uzde4/ei/f6NTrlTXY22Q94b59rDpmB</latexit><latexit sha1_base64="QX0lvWx5D5P3DFKzeZ0JzRYrVHY=">AAACCXicbVDLSgNBEJz1bXxFPXoZDIIQDLsi6DGoB48KRgPZGHonnWTIzO4y0yuEJVcv/ooXD4p49Q+8+TdOYg6+CgaKqm56qqJUSUu+/+FNTc/Mzs0vLBaWlldW14rrG1c2yYzAmkhUYuoRWFQyxhpJUlhPDYKOFF5H/ZORf32LxsokvqRBik0N3Vh2pAByUqvIwy5oDTwNKeFhKm/2QiQIT1ER3OTl8rBVLPkVfwz+lwQTUmITnLeK72E7EZnGmIQCaxuBn1IzB0NSKBwWwsxiCqIPXWw4GoNG28zHSYZ8xylt3kmMezHxsfp9Iwdt7UBHblID9exvbyT+5zUy6hw1cxmnGWEsvg51MsVd6lEtvC0NClIDR0AY6f7KRQ8MCHLlFVwJwe/If8nVfiXwK8HFQal6PKljgW2xbbbLAnbIquyMnbMaE+yOPbAn9uzde4/ei/f6NTrlTXY22Q94b59rDpmB</latexit><latexit sha1_base64="QX0lvWx5D5P3DFKzeZ0JzRYrVHY=">AAACCXicbVDLSgNBEJz1bXxFPXoZDIIQDLsi6DGoB48KRgPZGHonnWTIzO4y0yuEJVcv/ooXD4p49Q+8+TdOYg6+CgaKqm56qqJUSUu+/+FNTc/Mzs0vLBaWlldW14rrG1c2yYzAmkhUYuoRWFQyxhpJUlhPDYKOFF5H/ZORf32LxsokvqRBik0N3Vh2pAByUqvIwy5oDTwNKeFhKm/2QiQIT1ER3OTl8rBVLPkVfwz+lwQTUmITnLeK72E7EZnGmIQCaxuBn1IzB0NSKBwWwsxiCqIPXWw4GoNG28zHSYZ8xylt3kmMezHxsfp9Iwdt7UBHblID9exvbyT+5zUy6hw1cxmnGWEsvg51MsVd6lEtvC0NClIDR0AY6f7KRQ8MCHLlFVwJwe/If8nVfiXwK8HFQal6PKljgW2xbbbLAnbIquyMnbMaE+yOPbAn9uzde4/ei/f6NTrlTXY22Q94b59rDpmB</latexit><latexit sha1_base64="QX0lvWx5D5P3DFKzeZ0JzRYrVHY=">AAACCXicbVDLSgNBEJz1bXxFPXoZDIIQDLsi6DGoB48KRgPZGHonnWTIzO4y0yuEJVcv/ooXD4p49Q+8+TdOYg6+CgaKqm56qqJUSUu+/+FNTc/Mzs0vLBaWlldW14rrG1c2yYzAmkhUYuoRWFQyxhpJUlhPDYKOFF5H/ZORf32LxsokvqRBik0N3Vh2pAByUqvIwy5oDTwNKeFhKm/2QiQIT1ER3OTl8rBVLPkVfwz+lwQTUmITnLeK72E7EZnGmIQCaxuBn1IzB0NSKBwWwsxiCqIPXWw4GoNG28zHSYZ8xylt3kmMezHxsfp9Iwdt7UBHblID9exvbyT+5zUy6hw1cxmnGWEsvg51MsVd6lEtvC0NClIDR0AY6f7KRQ8MCHLlFVwJwe/If8nVfiXwK8HFQal6PKljgW2xbbbLAnbIquyMnbMaE+yOPbAn9uzde4/ei/f6NTrlTXY22Q94b59rDpmB</latexit>

0.1 < �t < 0.3GeV2
<latexit sha1_base64="zvSmNnwbfc3dI04SUwNG08JgWMA=">AAACAXicbVA9SwNBEN2LXzF+ndoINodBsNBwFwUtUgQttIxgPiCJYW8zlyzZ+2B3TgxHbPwrNhaK2Pov7Pw3bpIrNPpg4PHeDDPz3Ehwhbb9ZWTm5hcWl7LLuZXVtfUNc3OrpsJYMqiyUISy4VIFggdQRY4CGpEE6rsC6u7gYuzX70AqHgY3OIyg7dNewD3OKGqpY+7YBad0hCW7cNw6bCHcY3IJtdFtsWPm7YI9gfWXOCnJkxSVjvnZ6oYs9iFAJqhSTceOsJ1QiZwJGOVasYKIsgHtQVPTgPqg2snkg5G1r5Wu5YVSV4DWRP05kVBfqaHv6k6fYl/NemPxP68Zo3fWTngQxQgBmy7yYmFhaI3jsLpcAkMx1IQyyfWtFutTSRnq0HI6BGf25b+kViw4Osbrk3z5PI0jS3bJHjkgDjklZXJFKqRKGHkgT+SFvBqPxrPxZrxPWzNGOrNNfsH4+AaHAJUH</latexit><latexit sha1_base64="zvSmNnwbfc3dI04SUwNG08JgWMA=">AAACAXicbVA9SwNBEN2LXzF+ndoINodBsNBwFwUtUgQttIxgPiCJYW8zlyzZ+2B3TgxHbPwrNhaK2Pov7Pw3bpIrNPpg4PHeDDPz3Ehwhbb9ZWTm5hcWl7LLuZXVtfUNc3OrpsJYMqiyUISy4VIFggdQRY4CGpEE6rsC6u7gYuzX70AqHgY3OIyg7dNewD3OKGqpY+7YBad0hCW7cNw6bCHcY3IJtdFtsWPm7YI9gfWXOCnJkxSVjvnZ6oYs9iFAJqhSTceOsJ1QiZwJGOVasYKIsgHtQVPTgPqg2snkg5G1r5Wu5YVSV4DWRP05kVBfqaHv6k6fYl/NemPxP68Zo3fWTngQxQgBmy7yYmFhaI3jsLpcAkMx1IQyyfWtFutTSRnq0HI6BGf25b+kViw4Osbrk3z5PI0jS3bJHjkgDjklZXJFKqRKGHkgT+SFvBqPxrPxZrxPWzNGOrNNfsH4+AaHAJUH</latexit><latexit sha1_base64="zvSmNnwbfc3dI04SUwNG08JgWMA=">AAACAXicbVA9SwNBEN2LXzF+ndoINodBsNBwFwUtUgQttIxgPiCJYW8zlyzZ+2B3TgxHbPwrNhaK2Pov7Pw3bpIrNPpg4PHeDDPz3Ehwhbb9ZWTm5hcWl7LLuZXVtfUNc3OrpsJYMqiyUISy4VIFggdQRY4CGpEE6rsC6u7gYuzX70AqHgY3OIyg7dNewD3OKGqpY+7YBad0hCW7cNw6bCHcY3IJtdFtsWPm7YI9gfWXOCnJkxSVjvnZ6oYs9iFAJqhSTceOsJ1QiZwJGOVasYKIsgHtQVPTgPqg2snkg5G1r5Wu5YVSV4DWRP05kVBfqaHv6k6fYl/NemPxP68Zo3fWTngQxQgBmy7yYmFhaI3jsLpcAkMx1IQyyfWtFutTSRnq0HI6BGf25b+kViw4Osbrk3z5PI0jS3bJHjkgDjklZXJFKqRKGHkgT+SFvBqPxrPxZrxPWzNGOrNNfsH4+AaHAJUH</latexit><latexit sha1_base64="zvSmNnwbfc3dI04SUwNG08JgWMA=">AAACAXicbVA9SwNBEN2LXzF+ndoINodBsNBwFwUtUgQttIxgPiCJYW8zlyzZ+2B3TgxHbPwrNhaK2Pov7Pw3bpIrNPpg4PHeDDPz3Ehwhbb9ZWTm5hcWl7LLuZXVtfUNc3OrpsJYMqiyUISy4VIFggdQRY4CGpEE6rsC6u7gYuzX70AqHgY3OIyg7dNewD3OKGqpY+7YBad0hCW7cNw6bCHcY3IJtdFtsWPm7YI9gfWXOCnJkxSVjvnZ6oYs9iFAJqhSTceOsJ1QiZwJGOVasYKIsgHtQVPTgPqg2snkg5G1r5Wu5YVSV4DWRP05kVBfqaHv6k6fYl/NemPxP68Zo3fWTngQxQgBmy7yYmFhaI3jsLpcAkMx1IQyyfWtFutTSRnq0HI6BGf25b+kViw4Osbrk3z5PI0jS3bJHjkgDjklZXJFKqRKGHkgT+SFvBqPxrPxZrxPWzNGOrNNfsH4+AaHAJUH</latexit>

m = +1
<latexit sha1_base64="LBZvbSwLG2RPCv+8JXKnGAFJMP0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMgCGFXBL0IQS8eIxgTSJYwO5lNhsxjmZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFSWcGev7315pZXVtfaO8Wdna3tndq+4fPBqVakJbRHGlOxE2lDNJW5ZZTjuJplhEnLaj8W3ut5+oNkzJBztJaCjwULKYEWxzSVyfBf1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmt07RiVMGKFbalbRopv6eyLAwZiIi1ymwHZlFLxf/87qpja/CjMkktVSS+aI45cgqlD+OBkxTYvnEEUw0c7ciMsIaE+viqbgQgsWXl8njeT3w68H9Ra1xU8RRhiM4hlMI4BIacAdNaAGBETzDK7x5wnvx3r2PeWvJK2YO4Q+8zx8uLY2o</latexit><latexit sha1_base64="LBZvbSwLG2RPCv+8JXKnGAFJMP0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMgCGFXBL0IQS8eIxgTSJYwO5lNhsxjmZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFSWcGev7315pZXVtfaO8Wdna3tndq+4fPBqVakJbRHGlOxE2lDNJW5ZZTjuJplhEnLaj8W3ut5+oNkzJBztJaCjwULKYEWxzSVyfBf1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmt07RiVMGKFbalbRopv6eyLAwZiIi1ymwHZlFLxf/87qpja/CjMkktVSS+aI45cgqlD+OBkxTYvnEEUw0c7ciMsIaE+viqbgQgsWXl8njeT3w68H9Ra1xU8RRhiM4hlMI4BIacAdNaAGBETzDK7x5wnvx3r2PeWvJK2YO4Q+8zx8uLY2o</latexit><latexit sha1_base64="LBZvbSwLG2RPCv+8JXKnGAFJMP0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMgCGFXBL0IQS8eIxgTSJYwO5lNhsxjmZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFSWcGev7315pZXVtfaO8Wdna3tndq+4fPBqVakJbRHGlOxE2lDNJW5ZZTjuJplhEnLaj8W3ut5+oNkzJBztJaCjwULKYEWxzSVyfBf1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmt07RiVMGKFbalbRopv6eyLAwZiIi1ymwHZlFLxf/87qpja/CjMkktVSS+aI45cgqlD+OBkxTYvnEEUw0c7ciMsIaE+viqbgQgsWXl8njeT3w68H9Ra1xU8RRhiM4hlMI4BIacAdNaAGBETzDK7x5wnvx3r2PeWvJK2YO4Q+8zx8uLY2o</latexit><latexit sha1_base64="LBZvbSwLG2RPCv+8JXKnGAFJMP0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMgCGFXBL0IQS8eIxgTSJYwO5lNhsxjmZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFSWcGev7315pZXVtfaO8Wdna3tndq+4fPBqVakJbRHGlOxE2lDNJW5ZZTjuJplhEnLaj8W3ut5+oNkzJBztJaCjwULKYEWxzSVyfBf1qza/7M6BlEhSkBgWa/epXb6BIKqi0hGNjuoGf2DDD2jLC6bTSSw1NMBnjIe06KrGgJsxmt07RiVMGKFbalbRopv6eyLAwZiIi1ymwHZlFLxf/87qpja/CjMkktVSS+aI45cgqlD+OBkxTYvnEEUw0c7ciMsIaE+viqbgQgsWXl8njeT3w68H9Ra1xU8RRhiM4hlMI4BIacAdNaAGBETzDK7x5wnvx3r2PeWvJK2YO4Q+8zx8uLY2o</latexit>

a2(1320)
<latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit><latexit sha1_base64="a55YV79xXbPS0Q5jFZRKoHW0WBA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6REP6lXvou6eD8oVt+bOgVaJl5MK5GgOyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXa55b8+4vK42bPI4inMApVMGDK2jAHTShBQQEPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3cXjt0=</latexit>

a2(1700)
<latexit sha1_base64="RYn05FE5JDYQYJgJLDWPp6VzpKI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXkq2CPVY9OKxgv2QdinZNNuGJtklyQql9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sRh/e7mNza3tnfxuYW//4PCoeHzSMnGqKWvSWMS6ExLDBFesabkVrJNoRmQoWDsc38799hPThsfqwU4SFkgyVDzilFgnPZJ+tezXML7sF0u4ghdA68TPSAkyNPrFr94gpqlkylJBjOn6OLHBlGjLqWCzQi81LCF0TIas66gikplgujh4hi6cMkBRrF0pixbq74kpkcZMZOg6JbEjs+rNxf+8bmqj62DKVZJapuhyUZQKZGM0/x4NuGbUiokjhGrubkV0RDSh1mVUcCH4qy+vk1a14uOKf39Vqt9kceThDM6hDD7UoA530IAmUJDwDK/w5mnvxXv3PpatOS+bOYU/8D5/AHonjt8=</latexit><latexit sha1_base64="RYn05FE5JDYQYJgJLDWPp6VzpKI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXkq2CPVY9OKxgv2QdinZNNuGJtklyQql9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sRh/e7mNza3tnfxuYW//4PCoeHzSMnGqKWvSWMS6ExLDBFesabkVrJNoRmQoWDsc38799hPThsfqwU4SFkgyVDzilFgnPZJ+tezXML7sF0u4ghdA68TPSAkyNPrFr94gpqlkylJBjOn6OLHBlGjLqWCzQi81LCF0TIas66gikplgujh4hi6cMkBRrF0pixbq74kpkcZMZOg6JbEjs+rNxf+8bmqj62DKVZJapuhyUZQKZGM0/x4NuGbUiokjhGrubkV0RDSh1mVUcCH4qy+vk1a14uOKf39Vqt9kceThDM6hDD7UoA530IAmUJDwDK/w5mnvxXv3PpatOS+bOYU/8D5/AHonjt8=</latexit><latexit sha1_base64="RYn05FE5JDYQYJgJLDWPp6VzpKI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXkq2CPVY9OKxgv2QdinZNNuGJtklyQql9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sRh/e7mNza3tnfxuYW//4PCoeHzSMnGqKWvSWMS6ExLDBFesabkVrJNoRmQoWDsc38799hPThsfqwU4SFkgyVDzilFgnPZJ+tezXML7sF0u4ghdA68TPSAkyNPrFr94gpqlkylJBjOn6OLHBlGjLqWCzQi81LCF0TIas66gikplgujh4hi6cMkBRrF0pixbq74kpkcZMZOg6JbEjs+rNxf+8bmqj62DKVZJapuhyUZQKZGM0/x4NuGbUiokjhGrubkV0RDSh1mVUcCH4qy+vk1a14uOKf39Vqt9kceThDM6hDD7UoA530IAmUJDwDK/w5mnvxXv3PpatOS+bOYU/8D5/AHonjt8=</latexit><latexit sha1_base64="RYn05FE5JDYQYJgJLDWPp6VzpKI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXkq2CPVY9OKxgv2QdinZNNuGJtklyQql9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sRh/e7mNza3tnfxuYW//4PCoeHzSMnGqKWvSWMS6ExLDBFesabkVrJNoRmQoWDsc38799hPThsfqwU4SFkgyVDzilFgnPZJ+tezXML7sF0u4ghdA68TPSAkyNPrFr94gpqlkylJBjOn6OLHBlGjLqWCzQi81LCF0TIas66gikplgujh4hi6cMkBRrF0pixbq74kpkcZMZOg6JbEjs+rNxf+8bmqj62DKVZJapuhyUZQKZGM0/x4NuGbUiokjhGrubkV0RDSh1mVUcCH4qy+vk1a14uOKf39Vqt9kceThDM6hDD7UoA530IAmUJDwDK/w5mnvxXv3PpatOS+bOYU/8D5/AHonjt8=</latexit>

a0(980)
<latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit><latexit sha1_base64="9r3xI7h/xCZRxxRm2graTl7Y03Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXkpWBOut6MVjBfsB7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTLd70NYHA4/3ZpiZ58eCa4Pxt1NYW9/Y3Cpul3Z29/YPyodHbR0lirIWjUSkuj7RTHDJWoYbwbqxYiT0Bev4k9u533liSvNIPphpzLyQjCQPOCXGSl0ywNXrOj4flCu4hjOgVeLmpAI5moPyV38Y0SRk0lBBtO65ODZeSpThVLBZqZ9oFhM6ISPWs1SSkGkvze6doTOrDFEQKVvSoEz9PZGSUOtp6NvOkJixXvbm4n9eLzFB3Uu5jBPDJF0sChKBTITmz6MhV4waMbWEUMXtrYiOiSLU2IhKNgR3+eVV0r6oubjm3l9WGjd5HEU4gVOoggtX0IA7aEILKAh4hld4cx6dF+fd+Vi0Fpx85hj+wPn8ARU/jqw=</latexit>
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Comparison: Charged and Neutral Channels 

22

• Dominated by positive reflectivity,  
 signal in  wave at low t

➡   exchange (natural parity)
• Intriguing comparison:  

 produced exclusively in helicity-2  
state in -fusion  
[(L3) Phys.Lett.B 413(1997) 147;  
(Belle) Phys.Rev.D 80(2009), 032001]  
 

•  Dominated by negative reflectivity,               
  signal in  wave at low t

➡      exchange (unnatural parity)

• D-wave structure evolves with -t

• Investigation of  production goal for near-term publication

• Groundwork for understanding weaker P-wave contribution

ηπ0 :

a2(1320) m = 2
ρ, ω

a2(1320)
γγ

ηπ− :

a2(1320) m = 1
π

a2
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γ
ρ, ω, ϕ



Summary
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• Fascinating new results on hybrid meson candidates in recent years

• Very active field, results from different experiments / production 
processes

• First observation of spin-exotic contribution in  annihilation in flight

• Coupling with COMPASS data on  and  strengthens interpretation  
as one underlying pole

• Unique situation for GlueX:  
High quality photoproduction data sets available, analyses underway

• Partial wave analysis tools being used and further developed

•  cross section measurements in  channels will anker P-wave extraction

• Highly productive and valuable collaboration with theorists (JPAC)

pp

ηπ η′ π

a2 ηπ
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Summary

gluex.org/thanks

Acknowledgments:

22

❖ GlueX has a unique data set with 
unprecedented statistical precision in its 
energy range

❖ Start with studying production mechanisms 
and develop PWA in parallel

❖  near threshold

❖ Many more interesting analyses in the  
pipeline

❖ Room for other physics:

❖ Hyperons, ALPs, …

❖ Primex-Eta (I. Jaegle, Mon 12:20)

❖ JEF (Z. Papandreou, Wed 16:15)

J/Ψ

γ (ρ, ω, ϕ, . . . )
d1

d2

p N

M

ℙ, π, ρ, . . .
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