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Beyond the Constituent Quark Model

2

• 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, …)?

• Mapping out the spectrum of light hybrids:

• Evidence in multiple channels, consistent results 

• Establish partner states 

• Extend to regular         hybrids, higher mass nonets

• Partial Wave analysis is an indispensable tool  

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>

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++, ...
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JPC = 0��, 0+�, 1�+, 2+�, ...
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JPC
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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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“2nd Kind” Exotics: Systematic Investigation

⇡1(1600)

⇢⇡, ⌘0⇡, f1(1285)⇡, b1(1235)⇡

JPC = 1�+

⇡1(1600)

⇡N

pp

JPC = 1�+

JPC
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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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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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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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Two Hybrid Mesons?

4

functions of s in the physical region. The DJðsÞ matrix
represents the ηð0Þπ → ηð0Þπ final state interactions, and
contains cuts on the real axis above thresholds (right-hand
cuts), which are constrained by unitarity.
For the numerator nJkðsÞ, we use an effective expansion

in Chebyshev polynomials. A customary parametrization
of the denominator is given by [52]

DJ
kiðsÞ ¼ ½KJðsÞ−1%ki −

s
π

Z
∞

sk
ds0

ρNJ
kiðs0Þ

s0ðs0 − s − iϵÞ
; ð2Þ

where sk is the threshold in channel k and

ρNJ
kiðs0Þ ¼ δki

λJþ1=2ðs0; m2
ηð0Þ
; m2

πÞ
ðs0 þ sLÞ2Jþ1þα ð3Þ

is an effective description of the left-hand singularities in
the ηð0Þπ → ηð0Þπ scattering, which is controlled by the sL
parameter fixed at the hadronic scale ≃1 GeV2. Finally,

KJ
kiðsÞ ¼

X

R

gJ;Rk gJ;Ri

m2
R − s

þ cJki þ dJkis; ð4Þ

with cJki ¼ cJik and dJki ¼ dJik, is a standard parametrization
for the K matrix. In our reference model, we consider two
K-matrix poles in the D wave, and one single K-matrix
pole in the Pwave; the numerator of each channel and wave
is described by a third-order polynomial. We set α ¼ 2 in

Eq. (3), which has been effective in describing the single-
channel case [40]. The remaining 37 parameters are fitted
to data, by performing a χ2 minimization with MINUIT [53].
As shown in Fig. 1, the result of the best fit is in good
agreement with data. In particular, a single K-matrix pole is
able to correctly describe the P-wave peaks in the two
channels, which are separated by 200 MeV. The shift of the
peak in the ηπ spectrum to lower energies originates from
the combination between final state interactions and the
production process. The uncertainties on the parameters are
estimated via the bootstrap method [54,55]: we generate a
large number of pseudo datasets and refit each one of them.
The (co)variance of the parameters provides an estimate of
their statistical uncertainties and correlations. The values
of the fitted parameters and their covariance matrix are
provided in the Supplemental Material [56]. The average
curve passes the Gaussian test in Ref. [57].
Once the parameters are determined, the amplitudes

can be analytically continued to complex values of s.
The DJðsÞ matrix in Eq. (2) can be continued underneath
the unitarity cut into the closest unphysical Riemann sheet.
A pole sP in the amplitude appears when the determinant
of DJðsPÞ vanishes. Poles close to the real axis influence
the physical region and can be identified as resonances,
whereas further singularities are likely to be artifacts of the
specific model with no direct physical interpretation. For
any practical parametrization, especially in a coupled-
channel problem, it is not possible to specify a priori
the number of poles. Appearance of spurious poles far from
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FIG. 1. Fits to the ηπ (upper line) and η0π (lower line) data from COMPASS [33]. The intensities of the P (left), D wave (center),
and their relative phase (right) are shown. The inset zooms into the region of the a02ð1700Þ. The solid line and green band show the
result of the fit and the 2σ confidence level provided by the bootstrap analysis, respectively. The initialization of the fit is chosen by
randomly generating Oð105Þ different sets of values for the parameters. The best fit has χ2=dof ¼ 162=122 ¼ 1.3. The errors shown
are statistical only.
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• Recent analysis of COMPASS data in       
channels from Joint Physics Analysis Center

• 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?
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Fig. 62. Positions of poles extracted from the ⌘⇡
� and ⌘

0
⇡

� coupled-channel analysis, corresponding to the a2(1320), ⇡1(1600), and a2(1700). The
inset shows an enlarged view of the a2(1320) region. The green and yellow ellipses indicate the 1� and 2� confidence levels, respectively. The light
gray ellipses show the systematic variation of the 2� confidence contour upon changes to the model [71].

shoulder in the D waves (see Section 6.3.4). A more stable result can be achieved by performing an ⌘⇡-⌘0
⇡ coupled-

channel fit to the P- and D-wave data using the unitary analytic model described in Section 5.3.5 (see green curves in
Fig. 61). Compared to sum-of-Breit–Wigner models, this model improves, among other things, the description of the
interference of the various resonances and the non-resonant components. The data are described well by the model.
Since the model is analytical, the amplitude can be continued to complex values of s in order to identify its poles. In the
mass range between 1 and 2GeV/c2, two poles are identified in the D wave, corresponding to the well-known a2(1320)
and the a2(1700) resonances. For the P wave, only a single ⇡1 resonance pole is extracted from the data, with parameters
that are compatible with those of the ⇡1(1600) (see below). This important and astonishing result puts strong doubts on
the existence of a separate ⇡1(1400) state in ⌘⇡ and thereby resolves a long-standing puzzle. Fig. 62 shows the positions
of the three poles extracted from the coupled-channel analysis of the ⌘⇡

� and ⌘
0
⇡

� final states.
Although the COMPASS ⇡

�
⇡

�
⇡

+ proton-target data are the most precise so far, the 14-wave resonance-model fit
results in ⇡1(1600) Breit–Wigner parameters of m⇡1(1600) = 1600 +110

�60 MeV/c2 and �⇡1(1600) = 580 +100
�230 MeV/c2 that

have large systematic uncertainties [165]. This mainly reflects the limitations of our current analysis model. These
values are in good agreement with the mass and width values calculated from the pole position sp found in the ⌘⇡-
⌘

0
⇡ coupled-channel analysis performed by JPAC [71]: m⇡1(1600) := Repsp = 1564 ± 24 (stat.) ± 86 (sys.)MeV/c2 and

�⇡1(1600) := �2 Impsp = 492 ± 54 (stat.) ± 102 (sys.)MeV/c2.
From the ⇡

�
⇡

�
⇡

+ lead-target data, we obtain Breit–Wigner parameters ofm⇡1(1600) = 1660±10 (stat.) +0
�64 (sys.)MeV/c2

and �⇡1(1600) = 269±21 (stat.) +42
�64 (sys.)MeV/c2 [190]. While the mass values are compatible with previous measurements

(see Fig. 63a), the widths from the ⇡
�
⇡

�
⇡

+ proton-target data and the ⌘
(0)

⇡
� data are larger than the PDG average of

241 ± 40MeV/c2 [5]. As shown in Fig. 63b, the width values are mainly at variance with the extremely small width value
reported by the BNL E852 experiment in the b1(1235)⇡ decay mode [249].

A remaining mystery is that the production of the ⇡1(1600) in photon-induced reactions seems to be much less
prominent than expected. The CLAS experiment did not observe a ⇡1(1600) signal in the charge-exchange reaction
� + p ! ⇡

+
⇡

�
⇡

+
+ (n)miss [261,262] (see Fig. 64a). This finding is supported by an analysis of COMPASS data of

the reaction ⇡
�

+ Pb ! ⇡
�
⇡

�
⇡

+
+ Pb in the range t 0 < 10−3 (GeV/c)2, where photon exchange is dominant [263]

(see Fig. 64b; more details of this analysis will be discussed in Section 7). In both processes, the dominant underlying
reaction is � +⇡

±
! ⇡

±
⇡

�
⇡

+. Since we observe the ⇡1(1600) to decay into ⇢(770)⇡ , it should couple to �⇡ via vector-
meson dominance. This is because the photon fluctuates into quark–antiquark pairs with JPCqq = 1�� quantum numbers. In
addition, the ⇡1(1600) is a hybrid candidate and is compatible with the lightest 1�+ hybrid state predicted by lattice QCD
(see Section 2.3 and Fig. 7). Lattice QCD and also many models predict that the lowest excitation of the gluon field in a
hybrid meson has JPCg = 1+� quantum numbers. Hence the qq pair from the photon and the gluonic excitation can directly
couple to spin-exotic JPC = 1�+ quantum numbers, which is not the case for pion-induced reactions. Thus the production
of hybrids is expected to be enhanced in photon-induced reactions [264,265], which seems to be contradicted by the
nearly vanishing intensities that are observed in the 1.6GeV/c2 mass region. This, however, could be due to destructive
interference of a ⇡1(1600) with a non-resonant component. This hypothesis could be verified by performing resonance-
model fits on the existing data. In the future, much more precise photoproduction data from the GlueX experiment at
JLab will help to clarify the situation.

106 Fig. 64b is the result of an analysis of COMPASS data taken 2004. The analysis of a larger lead-target data sample taken 2009 is work in progress.
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⇡1(1600)
<latexit sha1_base64="G3loFbk0Gvv9GkrCKuNYT9wUTuE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXkoioh6LXjxWsB+wXUo2zbah2eySZIVS+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8MJXCWIy/vcLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijetMJK3kk1p3EoeTsc3c389hPXRiTq0Y5THsR0oEQkGLVO8rup6JEqucL4vFeu4BqeA60SkpMK5Gj0yl/dfsKymCvLJDXGJzi1wYRqK5jk01I3MzylbEQH3HdU0ZibYDI/eYrOnNJHUaJdKYvm6u+JCY2NGceh64ypHZplbyb+5/mZjW6CiVBpZrlii0VRJpFN0Ox/1BeaMyvHjlCmhbsVsSHVlFmXUsmFQJZfXiWtixrBNfJwWanf5nEU4QROoQoErqEO99CAJjBI4Ble4c2z3ov37n0sWgtePnMMf+B9/gAKNo/F</latexit><latexit sha1_base64="G3loFbk0Gvv9GkrCKuNYT9wUTuE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXkoioh6LXjxWsB+wXUo2zbah2eySZIVS+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8MJXCWIy/vcLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijetMJK3kk1p3EoeTsc3c389hPXRiTq0Y5THsR0oEQkGLVO8rup6JEqucL4vFeu4BqeA60SkpMK5Gj0yl/dfsKymCvLJDXGJzi1wYRqK5jk01I3MzylbEQH3HdU0ZibYDI/eYrOnNJHUaJdKYvm6u+JCY2NGceh64ypHZplbyb+5/mZjW6CiVBpZrlii0VRJpFN0Ox/1BeaMyvHjlCmhbsVsSHVlFmXUsmFQJZfXiWtixrBNfJwWanf5nEU4QROoQoErqEO99CAJjBI4Ble4c2z3ov37n0sWgtePnMMf+B9/gAKNo/F</latexit><latexit sha1_base64="G3loFbk0Gvv9GkrCKuNYT9wUTuE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXkoioh6LXjxWsB+wXUo2zbah2eySZIVS+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8MJXCWIy/vcLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijetMJK3kk1p3EoeTsc3c389hPXRiTq0Y5THsR0oEQkGLVO8rup6JEqucL4vFeu4BqeA60SkpMK5Gj0yl/dfsKymCvLJDXGJzi1wYRqK5jk01I3MzylbEQH3HdU0ZibYDI/eYrOnNJHUaJdKYvm6u+JCY2NGceh64ypHZplbyb+5/mZjW6CiVBpZrlii0VRJpFN0Ox/1BeaMyvHjlCmhbsVsSHVlFmXUsmFQJZfXiWtixrBNfJwWanf5nEU4QROoQoErqEO99CAJjBI4Ble4c2z3ov37n0sWgtePnMMf+B9/gAKNo/F</latexit><latexit sha1_base64="G3loFbk0Gvv9GkrCKuNYT9wUTuE=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXkoioh6LXjxWsB+wXUo2zbah2eySZIVS+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8MJXCWIy/vcLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUijetMJK3kk1p3EoeTsc3c389hPXRiTq0Y5THsR0oEQkGLVO8rup6JEqucL4vFeu4BqeA60SkpMK5Gj0yl/dfsKymCvLJDXGJzi1wYRqK5jk01I3MzylbEQH3HdU0ZibYDI/eYrOnNJHUaJdKYvm6u+JCY2NGceh64ypHZplbyb+5/mZjW6CiVBpZrlii0VRJpFN0Ox/1BeaMyvHjlCmhbsVsSHVlFmXUsmFQJZfXiWtixrBNfJwWanf5nEU4QROoQoErqEO99CAJjBI4Ble4c2z3ov37n0sWgtePnMMf+B9/gAKNo/F</latexit>
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Hall-D at Jefferson Lab

5

• 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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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

6

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

• Analyses shown today use full GlueX Phase-I data sample 

• GlueX Phase-II data taking will resume this summer
• Large acceptance for charged and neutral final state particles

(125 pb−1)

[NIM A 987 (2021) 164807]
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Spectroscopy using Photoproduction

7

• Versatile process:

• Incoming photon interacts as  
           (Vector Meson Dominance)

• Various exchange particles possible

• Linear beam polarization filters 
naturality of exchanged particle

• Allows coupling to all lightest hybrid 
nonet states

�,!, ⇢
<latexit sha1_base64="BIr7uaGLkdNehZ67vrxIroZpePg=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsqMCLosunFZwT6gM5RMeqcTmkyGJCOW0l9x40IRt/6IO//GtJ2Fth643MM595KbE2WcaeN5305pbX1jc6u8XdnZ3ds/cA+rbS1zRaFFJZeqGxENnKXQMsxw6GYKiIg4dKLR7czvPILSTKYPZpxBKMgwZTGjxFip71aDLGHnOJAChsR2lci+W/Pq3hx4lfgFqaECzb77FQwkzQWkhnKidc/3MhNOiDKMcphWglxDRuiIDKFnaUoE6HAyv32KT60ywLFUtlKD5+rvjQkRWo9FZCcFMYle9mbif14vN/F1OGFplhtI6eKhOOfYSDwLAg+YAmr42BJCFbO3YpoQRaixcVVsCP7yl1dJ+6Lue3X//rLWuCniKKNjdILOkI+uUAPdoSZqIYqe0DN6RW/O1Hlx3p2PxWjJKXaO0B84nz/Jl5Oe</latexit><latexit sha1_base64="BIr7uaGLkdNehZ67vrxIroZpePg=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsqMCLosunFZwT6gM5RMeqcTmkyGJCOW0l9x40IRt/6IO//GtJ2Fth643MM595KbE2WcaeN5305pbX1jc6u8XdnZ3ds/cA+rbS1zRaFFJZeqGxENnKXQMsxw6GYKiIg4dKLR7czvPILSTKYPZpxBKMgwZTGjxFip71aDLGHnOJAChsR2lci+W/Pq3hx4lfgFqaECzb77FQwkzQWkhnKidc/3MhNOiDKMcphWglxDRuiIDKFnaUoE6HAyv32KT60ywLFUtlKD5+rvjQkRWo9FZCcFMYle9mbif14vN/F1OGFplhtI6eKhOOfYSDwLAg+YAmr42BJCFbO3YpoQRaixcVVsCP7yl1dJ+6Lue3X//rLWuCniKKNjdILOkI+uUAPdoSZqIYqe0DN6RW/O1Hlx3p2PxWjJKXaO0B84nz/Jl5Oe</latexit><latexit sha1_base64="BIr7uaGLkdNehZ67vrxIroZpePg=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsqMCLosunFZwT6gM5RMeqcTmkyGJCOW0l9x40IRt/6IO//GtJ2Fth643MM595KbE2WcaeN5305pbX1jc6u8XdnZ3ds/cA+rbS1zRaFFJZeqGxENnKXQMsxw6GYKiIg4dKLR7czvPILSTKYPZpxBKMgwZTGjxFip71aDLGHnOJAChsR2lci+W/Pq3hx4lfgFqaECzb77FQwkzQWkhnKidc/3MhNOiDKMcphWglxDRuiIDKFnaUoE6HAyv32KT60ywLFUtlKD5+rvjQkRWo9FZCcFMYle9mbif14vN/F1OGFplhtI6eKhOOfYSDwLAg+YAmr42BJCFbO3YpoQRaixcVVsCP7yl1dJ+6Lue3X//rLWuCniKKNjdILOkI+uUAPdoSZqIYqe0DN6RW/O1Hlx3p2PxWjJKXaO0B84nz/Jl5Oe</latexit><latexit sha1_base64="BIr7uaGLkdNehZ67vrxIroZpePg=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsqMCLosunFZwT6gM5RMeqcTmkyGJCOW0l9x40IRt/6IO//GtJ2Fth643MM595KbE2WcaeN5305pbX1jc6u8XdnZ3ds/cA+rbS1zRaFFJZeqGxENnKXQMsxw6GYKiIg4dKLR7czvPILSTKYPZpxBKMgwZTGjxFip71aDLGHnOJAChsR2lci+W/Pq3hx4lfgFqaECzb77FQwkzQWkhnKidc/3MhNOiDKMcphWglxDRuiIDKFnaUoE6HAyv32KT60ywLFUtlKD5+rvjQkRWo9FZCcFMYle9mbif14vN/F1OGFplhtI6eKhOOfYSDwLAg+YAmr42BJCFbO3YpoQRaixcVVsCP7yl1dJ+6Lue3X//rLWuCniKKNjdILOkI+uUAPdoSZqIYqe0DN6RW/O1Hlx3p2PxWjJKXaO0B84nz/Jl5Oe</latexit>

• 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
<latexit sha1_base64="uxHVFPKKCob47YVcbAuzK5PVIO0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV/F4qyH2/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1boo4ynACp3AOHlxBA+6gCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AQuCOTw==</latexit><latexit sha1_base64="uxHVFPKKCob47YVcbAuzK5PVIO0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV/F4qyH2/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1boo4ynACp3AOHlxBA+6gCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AQuCOTw==</latexit><latexit sha1_base64="uxHVFPKKCob47YVcbAuzK5PVIO0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV/F4qyH2/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1boo4ynACp3AOHlxBA+6gCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AQuCOTw==</latexit><latexit sha1_base64="uxHVFPKKCob47YVcbAuzK5PVIO0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV/F4qyH2/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4yug1yoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1boo4ynACp3AOHlxBA+6gCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AQuCOTw==</latexit>

d1

d2
<latexit sha1_base64="uzD9PFOmpVaG5kS1jnSGNXLEvtc=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiRF0GXRjcsK9gFNCJPJpB06mYSZiVBCf8ONC0Xc+jPu/BunaRbaergXDufcy9w5YcaZ0o7zbdU2Nre2d+q79t7+weFR4/ikr9JcEtojKU/lMMSKciZoTzPN6TCTFCchp4NwerfwB09UKpaKRz3LqJ/gsWAxI1gbyYsC1/NsU1HQDhpNp+WUQOvErUgTKnSDxpcXpSRPqNCEY6VGrpNpv8BSM8Lp3PZyRTNMpnhMR4YKnFDlF+XNc3RhlAjFqTQtNCrV3xsFTpSaJaGZTLCeqFVvIf7njXId3/gFE1muqSDLh+KcI52iRQAoYpISzWeGYCKZuRWRCZaYaBOTbUJwV7+8Tvrtluu03IerZue2iqMOZ3AOl+DCNXTgHrrQAwIZPMMrvFm59WK9Wx/L0ZpV7ZzCH1ifPwwMkF8=</latexit><latexit sha1_base64="uzD9PFOmpVaG5kS1jnSGNXLEvtc=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiRF0GXRjcsK9gFNCJPJpB06mYSZiVBCf8ONC0Xc+jPu/BunaRbaergXDufcy9w5YcaZ0o7zbdU2Nre2d+q79t7+weFR4/ikr9JcEtojKU/lMMSKciZoTzPN6TCTFCchp4NwerfwB09UKpaKRz3LqJ/gsWAxI1gbyYsC1/NsU1HQDhpNp+WUQOvErUgTKnSDxpcXpSRPqNCEY6VGrpNpv8BSM8Lp3PZyRTNMpnhMR4YKnFDlF+XNc3RhlAjFqTQtNCrV3xsFTpSaJaGZTLCeqFVvIf7njXId3/gFE1muqSDLh+KcI52iRQAoYpISzWeGYCKZuRWRCZaYaBOTbUJwV7+8Tvrtluu03IerZue2iqMOZ3AOl+DCNXTgHrrQAwIZPMMrvFm59WK9Wx/L0ZpV7ZzCH1ifPwwMkF8=</latexit><latexit sha1_base64="uzD9PFOmpVaG5kS1jnSGNXLEvtc=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiRF0GXRjcsK9gFNCJPJpB06mYSZiVBCf8ONC0Xc+jPu/BunaRbaergXDufcy9w5YcaZ0o7zbdU2Nre2d+q79t7+weFR4/ikr9JcEtojKU/lMMSKciZoTzPN6TCTFCchp4NwerfwB09UKpaKRz3LqJ/gsWAxI1gbyYsC1/NsU1HQDhpNp+WUQOvErUgTKnSDxpcXpSRPqNCEY6VGrpNpv8BSM8Lp3PZyRTNMpnhMR4YKnFDlF+XNc3RhlAjFqTQtNCrV3xsFTpSaJaGZTLCeqFVvIf7njXId3/gFE1muqSDLh+KcI52iRQAoYpISzWeGYCKZuRWRCZaYaBOTbUJwV7+8Tvrtluu03IerZue2iqMOZ3AOl+DCNXTgHrrQAwIZPMMrvFm59WK9Wx/L0ZpV7ZzCH1ifPwwMkF8=</latexit><latexit sha1_base64="uzD9PFOmpVaG5kS1jnSGNXLEvtc=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiRF0GXRjcsK9gFNCJPJpB06mYSZiVBCf8ONC0Xc+jPu/BunaRbaergXDufcy9w5YcaZ0o7zbdU2Nre2d+q79t7+weFR4/ikr9JcEtojKU/lMMSKciZoTzPN6TCTFCchp4NwerfwB09UKpaKRz3LqJ/gsWAxI1gbyYsC1/NsU1HQDhpNp+WUQOvErUgTKnSDxpcXpSRPqNCEY6VGrpNpv8BSM8Lp3PZyRTNMpnhMR4YKnFDlF+XNc3RhlAjFqTQtNCrV3xsFTpSaJaGZTLCeqFVvIf7njXId3/gFE1muqSDLh+KcI52iRQAoYpISzWeGYCKZuRWRCZaYaBOTbUJwV7+8Tvrtluu03IerZue2iqMOZ3AOl+DCNXTgHrrQAwIZPMMrvFm59WK9Wx/L0ZpV7ZzCH1ifPwwMkF8=</latexit>
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The Route to Exotics with GlueX

8

⌘(
0)⇡

<latexit sha1_base64="W1EuTm76tTdCNJYLZtXG0rK1bGw=">AAAB9XicbVA9TwJBEJ3DL8Qv1FKLjcSIDbmz0ZJoYwmJfCTcQfaWPdiwt3fZ3dOQC//DxkJjbG39HXZ2/hT3gELBl0zy8t5MZub5MWdK2/aXlVtZXVvfyG8WtrZ3dveK+wdNFSWS0AaJeCTbPlaUM0EbmmlO27GkOPQ5bfmjm8xv3VOpWCTu9DimXogHggWMYG2krks17qbls/OJG7NCr1iyK/YUaJk4c1KqHn/UvwGg1it+uv2IJCEVmnCsVMexY+2lWGpGOJ0U3ETRGJMRHtCOoQKHVHnp9OoJOjVKHwWRNCU0mqq/J1IcKjUOfdMZYj1Ui14m/ud1Eh1ceSkTcaKpILNFQcKRjlAWAeozSYnmY0MwkczcisgQS0y0CSoLwVl8eZk0LyqOXXHqJo1rmCEPR3ACZXDgEqpwCzVoAAEJj/AML9aD9WS9Wm+z1pw1nzmEP7DefwBHSpPq</latexit><latexit sha1_base64="gFnQRwI6Qs9aiEBqqinbB43Wpsg=">AAAB9XicbVC7SgNBFJ2NrxhfUUtFBoMYm7Bro2XQxjIB84DsJsxO7iaDs7PLzKwSlpT+g42FIra2+Q47v8GfcPIoNPHAhcM593LvPX7MmdK2/WVllpZXVtey67mNza3tnfzuXl1FiaRQoxGPZNMnCjgTUNNMc2jGEkjoc2j4d9djv3EPUrFI3OpBDF5IeoIFjBJtpLYLmrTT4unZ0I1ZrpMv2CV7ArxInBkplA9H1e/Ho1Glk/90uxFNQhCacqJUy7Fj7aVEakY5DHNuoiAm9I70oGWoICEoL51cPcQnRuniIJKmhMYT9fdESkKlBqFvOkOi+2reG4v/ea1EB5deykScaBB0uihIONYRHkeAu0wC1XxgCKGSmVsx7RNJqDZBjUNw5l9eJPXzkmOXnKpJ4wpNkUUH6BgVkYMuUBndoAqqIYokekIv6NV6sJ6tN+t92pqxZjP76A+sjx8lj5VQ</latexit><latexit sha1_base64="gFnQRwI6Qs9aiEBqqinbB43Wpsg=">AAAB9XicbVC7SgNBFJ2NrxhfUUtFBoMYm7Bro2XQxjIB84DsJsxO7iaDs7PLzKwSlpT+g42FIra2+Q47v8GfcPIoNPHAhcM593LvPX7MmdK2/WVllpZXVtey67mNza3tnfzuXl1FiaRQoxGPZNMnCjgTUNNMc2jGEkjoc2j4d9djv3EPUrFI3OpBDF5IeoIFjBJtpLYLmrTT4unZ0I1ZrpMv2CV7ArxInBkplA9H1e/Ho1Glk/90uxFNQhCacqJUy7Fj7aVEakY5DHNuoiAm9I70oGWoICEoL51cPcQnRuniIJKmhMYT9fdESkKlBqFvOkOi+2reG4v/ea1EB5deykScaBB0uihIONYRHkeAu0wC1XxgCKGSmVsx7RNJqDZBjUNw5l9eJPXzkmOXnKpJ4wpNkUUH6BgVkYMuUBndoAqqIYokekIv6NV6sJ6tN+t92pqxZjP76A+sjx8lj5VQ</latexit><latexit sha1_base64="DEqANDQqauAlrblqoUE55cegAJU=">AAAB9XicbVBNT8JAEN3iF+IX6tFLIzHihbRe9Ej04hET+UigkO0yhQ3bbbM71ZCG/+HFg8Z49b9489+4hR4UfMkkL+/NZGaeHwuu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ShRDJosEpHq+FSD4BKayFFAJ1ZAQ19A25/cZn77EZTmkXzAaQxeSEeSB5xRNFK/B0j7afX8YtaLeWlQrjg1Zw57lbg5qZAcjUH5qzeMWBKCRCao1l3XidFLqULOBMxKvURDTNmEjqBrqKQhaC+dXz2zz4wytINImZJoz9XfEykNtZ6GvukMKY71speJ/3ndBINrL+UyThAkWywKEmFjZGcR2EOugKGYGkKZ4uZWm42pogxNUFkI7vLLq6R1WXOdmnvvVOo3eRxFckJOSZW45IrUyR1pkCZhRJFn8krerCfrxXq3PhatBSufOSZ/YH3+ADdQkaU=</latexit>

b1⇡
<latexit sha1_base64="eLpu0LnmFKkap/FpPKRI3gEMxX0=">AAAB7nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7Gy2DNpYJmA9Ijri32UuW7O4tu3tCOPIjbCwUsfX32Nn4W9xLUmjig4HHezPMzIsUZ8b6/pdXWFvf2Nwqbpd2dvf2D8qHRy2TpJrQJkl4ojsRNpQzSZuWWU47SlMsIk7b0fg299uPVBuWyHs7UTQUeChZzAi2TmpH/aCnWKlfrvhVfwa0SoIFqdROGt8PAFDvlz97g4SkgkpLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuoxIKaMJudO0XnThmgONGupEUz9fdEhoUxExG5ToHtyCx7ufif101tfB1mTKrUUknmi+KUI5ug/Hc0YJoSyyeOYKKZuxWREdaYWJdQHkKw/PIqaV1WA78aNFwaNzBHEU7hDC4ggCuowR3UoQkExvAEL/DqKe/Ze/Pe560FbzFzDH/gffwA9O+Q0g==</latexit><latexit sha1_base64="vaCG4wStxxlvF5GC8Vip8eun/KM=">AAAB7nicbVC7SgNBFL0bXzG+VgUbm8EgWIVdGy1DbCwTMA9IljA7mU2GzM4OM7NCWPIRNhaK2Nr4F36BnY3f4mySQhMPXDiccy/33hNKzrTxvC+nsLa+sblV3C7t7O7tH7iHRy2dpIrQJkl4ojoh1pQzQZuGGU47UlEch5y2w/FN7rfvqdIsEXdmImkQ46FgESPYWKkd9v2eZKW+W/Yq3gxolfgLUq6eNL7Ze+2j3nc/e4OEpDEVhnCsddf3pAkyrAwjnE5LvVRTickYD2nXUoFjqoNsdu4UnVtlgKJE2RIGzdTfExmOtZ7Eoe2MsRnpZS8X//O6qYmug4wJmRoqyHxRlHJkEpT/jgZMUWL4xBJMFLO3IjLCChNjE8pD8JdfXiWty4rvVfyGTaMGcxThFM7gAny4gircQh2aQGAMD/AEz450Hp0X53XeWnAWM8fwB87bD0Y/ko4=</latexit><latexit sha1_base64="vaCG4wStxxlvF5GC8Vip8eun/KM=">AAAB7nicbVC7SgNBFL0bXzG+VgUbm8EgWIVdGy1DbCwTMA9IljA7mU2GzM4OM7NCWPIRNhaK2Nr4F36BnY3f4mySQhMPXDiccy/33hNKzrTxvC+nsLa+sblV3C7t7O7tH7iHRy2dpIrQJkl4ojoh1pQzQZuGGU47UlEch5y2w/FN7rfvqdIsEXdmImkQ46FgESPYWKkd9v2eZKW+W/Yq3gxolfgLUq6eNL7Ze+2j3nc/e4OEpDEVhnCsddf3pAkyrAwjnE5LvVRTickYD2nXUoFjqoNsdu4UnVtlgKJE2RIGzdTfExmOtZ7Eoe2MsRnpZS8X//O6qYmug4wJmRoqyHxRlHJkEpT/jgZMUWL4xBJMFLO3IjLCChNjE8pD8JdfXiWty4rvVfyGTaMGcxThFM7gAny4gircQh2aQGAMD/AEz450Hp0X53XeWnAWM8fwB87bD0Y/ko4=</latexit><latexit sha1_base64="oagCahteMifpGpSEADXxhVFzIfM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5stAzaWEYwH5AcYW8zlyzZ21t294QQ8iNsLBSx9ffY+W/cS67QxAcDj/dmmJkXKcGN9f1vr7SxubW9U96t7O0fHB5Vj0/aJs00wxZLRaq7ETUouMSW5VZgV2mkSSSwE03ucr/zhNrwVD7aqcIwoSPJY86odVInGgR9xSuDas2v+wuQdRIUpAYFmoPqV3+YsixBaZmgxvQCX9lwRrXlTOC80s8MKsomdIQ9RyVN0ISzxblzcuGUIYlT7UpaslB/T8xoYsw0iVxnQu3YrHq5+J/Xy2x8E864VJlFyZaL4kwQm5L8dzLkGpkVU0co09zdStiYasqsSygPIVh9eZ20r+qBXw8e/FrjtoijDGdwDpcQwDU04B6a0AIGE3iGV3jzlPfivXsfy9aSV8ycwh94nz9mV47t</latexit>

⇢,!,⇤(1520)
<latexit sha1_base64="wgyANXrSvBeAsOIzNIQqsKPFI/A=">AAACAnicdVDLSgMxFM3UV62vUVfiJliECmXI1A62u6IbFy4q2Ad0SsmkaRuamQxJRiiluPFX3LhQxK1f4c6/MX0IKnogcDjnHm7uCWLOlEbow0otLa+srqXXMxubW9s79u5eXYlEElojggvZDLCinEW0ppnmtBlLisOA00YwvJj6jVsqFRPRjR7FtB3ifsR6jGBtpI594MuByPsipH2c969MsItzrldAJx07ixzklT0XQeR4yC2fTkm5XCp6HnQdNEMWLFDt2O9+V5AkpJEmHCvVclGs22MsNSOcTjJ+omiMyRD3acvQCIdUtcezEybw2Chd2BPSvEjDmfo9McahUqMwMJMh1gP125uKf3mtRPdK7TGL4kTTiMwX9RIOtYDTPmCXSUo0HxmCiWTmr5AMsMREm9YypoSvS+H/pF5wXOS418Vs5XxRRxocgiOQAy44AxVwCaqgBgi4Aw/gCTxb99aj9WK9zkdT1iKzD37AevsEQpeWCw==</latexit><latexit sha1_base64="wgyANXrSvBeAsOIzNIQqsKPFI/A=">AAACAnicdVDLSgMxFM3UV62vUVfiJliECmXI1A62u6IbFy4q2Ad0SsmkaRuamQxJRiiluPFX3LhQxK1f4c6/MX0IKnogcDjnHm7uCWLOlEbow0otLa+srqXXMxubW9s79u5eXYlEElojggvZDLCinEW0ppnmtBlLisOA00YwvJj6jVsqFRPRjR7FtB3ifsR6jGBtpI594MuByPsipH2c969MsItzrldAJx07ixzklT0XQeR4yC2fTkm5XCp6HnQdNEMWLFDt2O9+V5AkpJEmHCvVclGs22MsNSOcTjJ+omiMyRD3acvQCIdUtcezEybw2Chd2BPSvEjDmfo9McahUqMwMJMh1gP125uKf3mtRPdK7TGL4kTTiMwX9RIOtYDTPmCXSUo0HxmCiWTmr5AMsMREm9YypoSvS+H/pF5wXOS418Vs5XxRRxocgiOQAy44AxVwCaqgBgi4Aw/gCTxb99aj9WK9zkdT1iKzD37AevsEQpeWCw==</latexit><latexit sha1_base64="wgyANXrSvBeAsOIzNIQqsKPFI/A=">AAACAnicdVDLSgMxFM3UV62vUVfiJliECmXI1A62u6IbFy4q2Ad0SsmkaRuamQxJRiiluPFX3LhQxK1f4c6/MX0IKnogcDjnHm7uCWLOlEbow0otLa+srqXXMxubW9s79u5eXYlEElojggvZDLCinEW0ppnmtBlLisOA00YwvJj6jVsqFRPRjR7FtB3ifsR6jGBtpI594MuByPsipH2c969MsItzrldAJx07ixzklT0XQeR4yC2fTkm5XCp6HnQdNEMWLFDt2O9+V5AkpJEmHCvVclGs22MsNSOcTjJ+omiMyRD3acvQCIdUtcezEybw2Chd2BPSvEjDmfo9McahUqMwMJMh1gP125uKf3mtRPdK7TGL4kTTiMwX9RIOtYDTPmCXSUo0HxmCiWTmr5AMsMREm9YypoSvS+H/pF5wXOS418Vs5XxRRxocgiOQAy44AxVwCaqgBgi4Aw/gCTxb99aj9WK9zkdT1iKzD37AevsEQpeWCw==</latexit><latexit sha1_base64="wgyANXrSvBeAsOIzNIQqsKPFI/A=">AAACAnicdVDLSgMxFM3UV62vUVfiJliECmXI1A62u6IbFy4q2Ad0SsmkaRuamQxJRiiluPFX3LhQxK1f4c6/MX0IKnogcDjnHm7uCWLOlEbow0otLa+srqXXMxubW9s79u5eXYlEElojggvZDLCinEW0ppnmtBlLisOA00YwvJj6jVsqFRPRjR7FtB3ifsR6jGBtpI594MuByPsipH2c969MsItzrldAJx07ixzklT0XQeR4yC2fTkm5XCp6HnQdNEMWLFDt2O9+V5AkpJEmHCvVclGs22MsNSOcTjJ+omiMyRD3acvQCIdUtcezEybw2Chd2BPSvEjDmfo9McahUqMwMJMh1gP125uKf3mtRPdK7TGL4kTTiMwX9RIOtYDTPmCXSUo0HxmCiWTmr5AMsMREm9YypoSvS+H/pF5wXOS418Vs5XxRRxocgiOQAy44AxVwCaqgBgi4Aw/gCTxb99aj9WK9zkdT1iKzD37AevsEQpeWCw==</latexit>

b1
<latexit sha1_base64="zeI2fLN75gpGO69etvsEVVdPTGY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhLtYGdXdOOyon1AO5RMmmlDM5khyQil9BPcuFDErV/kzr8x01ZQ0QMXDufcy733hKng2iD04RRWVtfWN4qbpa3tnd298v5BSyeZoqxJE5GoTkg0E1yypuFGsE6qGIlDwdrh+Cr32/dMaZ7IOzNJWRCToeQRp8RY6Tbs4365glzk+R5GELkewv55Tny/VvU8iF00RwUs0eiX33uDhGYxk4YKonUXo9QEU6IMp4LNSr1Ms5TQMRmyrqWSxEwH0/mpM3hilQGMEmVLGjhXv09MSaz1JA5tZ0zMSP/2cvEvr5uZqBZMuUwzwyRdLIoyAU0C87/hgCtGjZhYQqji9lZIR0QRamw6JRvC16fwf9I6czFy8U21Ur9cxlEER+AYnAIMLkAdXIMGaAIKhuABPIFnRziPzovzumgtOMuZQ/ADztsnWnmN2A==</latexit><latexit sha1_base64="zeI2fLN75gpGO69etvsEVVdPTGY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhLtYGdXdOOyon1AO5RMmmlDM5khyQil9BPcuFDErV/kzr8x01ZQ0QMXDufcy733hKng2iD04RRWVtfWN4qbpa3tnd298v5BSyeZoqxJE5GoTkg0E1yypuFGsE6qGIlDwdrh+Cr32/dMaZ7IOzNJWRCToeQRp8RY6Tbs4365glzk+R5GELkewv55Tny/VvU8iF00RwUs0eiX33uDhGYxk4YKonUXo9QEU6IMp4LNSr1Ms5TQMRmyrqWSxEwH0/mpM3hilQGMEmVLGjhXv09MSaz1JA5tZ0zMSP/2cvEvr5uZqBZMuUwzwyRdLIoyAU0C87/hgCtGjZhYQqji9lZIR0QRamw6JRvC16fwf9I6czFy8U21Ur9cxlEER+AYnAIMLkAdXIMGaAIKhuABPIFnRziPzovzumgtOMuZQ/ADztsnWnmN2A==</latexit><latexit sha1_base64="zeI2fLN75gpGO69etvsEVVdPTGY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhLtYGdXdOOyon1AO5RMmmlDM5khyQil9BPcuFDErV/kzr8x01ZQ0QMXDufcy733hKng2iD04RRWVtfWN4qbpa3tnd298v5BSyeZoqxJE5GoTkg0E1yypuFGsE6qGIlDwdrh+Cr32/dMaZ7IOzNJWRCToeQRp8RY6Tbs4365glzk+R5GELkewv55Tny/VvU8iF00RwUs0eiX33uDhGYxk4YKonUXo9QEU6IMp4LNSr1Ms5TQMRmyrqWSxEwH0/mpM3hilQGMEmVLGjhXv09MSaz1JA5tZ0zMSP/2cvEvr5uZqBZMuUwzwyRdLIoyAU0C87/hgCtGjZhYQqji9lZIR0QRamw6JRvC16fwf9I6czFy8U21Ur9cxlEER+AYnAIMLkAdXIMGaAIKhuABPIFnRziPzovzumgtOMuZQ/ADztsnWnmN2A==</latexit><latexit sha1_base64="zeI2fLN75gpGO69etvsEVVdPTGY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GhLtYGdXdOOyon1AO5RMmmlDM5khyQil9BPcuFDErV/kzr8x01ZQ0QMXDufcy733hKng2iD04RRWVtfWN4qbpa3tnd298v5BSyeZoqxJE5GoTkg0E1yypuFGsE6qGIlDwdrh+Cr32/dMaZ7IOzNJWRCToeQRp8RY6Tbs4365glzk+R5GELkewv55Tny/VvU8iF00RwUs0eiX33uDhGYxk4YKonUXo9QEU6IMp4LNSr1Ms5TQMRmyrqWSxEwH0/mpM3hilQGMEmVLGjhXv09MSaz1JA5tZ0zMSP/2cvEvr5uZqBZMuUwzwyRdLIoyAU0C87/hgCtGjZhYQqji9lZIR0QRamw6JRvC16fwf9I6czFy8U21Ur9cxlEER+AYnAIMLkAdXIMGaAIKhuABPIFnRziPzovzumgtOMuZQ/ADztsnWnmN2A==</latexit>

• Understand (polarized) production of “simple” hadrons

• Achieve good understanding of acceptance and backgrounds 
• Single pseudoscalar production asymmetries 

[GlueX, PRC 95 (2017) 042201; PRC, 100 (2019) 052201;  
 PRC 103 (2021) 022201]

• Spin density matrix elements (                     ) 
[GlueX, Phys.Rev.C 105, 035201]

• Investigation of           channels
• Study production mechanism, cross section of known 

mesons first
• Charged and neutral modes, different sub-decays under study
• Provides check for acceptance, background handling  

• Extend hybrid search to axial vector-pseudoscalar channels 
• Study of      production ongoing, stepping stone towards 

hybrid search in
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• 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>

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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⇡�

yGJ
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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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<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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                 at GlueX

9

• 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>

⌘⇡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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•  Strong evidence for exotic in   channels - under investigation in parallel: 
 
                                                                with 

Route to analyze , where we expect larger exotic  
contribution, is through the study of  channels

• Measure t-dependent cross section of known meson first  
 is our ‘standard candle’ to validate results in other channels

• Validate results across different final states  
Consistency: different acceptance, background handling, …

• Prove framework is working 
achieve understanding of major contribution in hybrid mass region 

• Enables reliable search for much smaller contributions

• Challenges for fully mass-independent PWA: 
Fewer constraints, waveset selection, leakage, statistics, …

η(′ )π

η′ π
ηπ

→ a2(1320)

⌘ ! ��, ⌘ ! 3⇡
<latexit sha1_base64="baqF/OpKbQ792oHwxAPFW+nLgRg=">AAACCXicbVDLSgMxFM34rPU16tJNsAgupMyooMuiG5cV7AM6Q7mTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBxIO59xLck6UcqaN5307S8srq2vrpY3y5tb2zq67t9/USaYIbZCEJ6odgaacSdowzHDaThUFEXHaioY3E7/1QJVmibw3o5SGAvqSxYyAsVLXxQE1EJgk6IMQMLtPCw2fBynruhWv6k2BF4lfkAoqUO+6X0EvIZmg0hAOWnd8LzVhDsowwum4HGSapkCG0KcdSyUIqsN8mmSMj63Sw3Gi7JEGT9XfGzkIrUcispMCzEDPexPxP6+TmfgqzJlMM0MlmT0UZxzblJNacI8pSgwfWQJEMftXTAaggBhbXtmW4M9HXiTNs6rvVf27i0rtuqijhA7RETpBPrpENXSL6qiBCHpEz+gVvTlPzovz7nzMRpecYucA/YHz+QNCfpoH</latexit><latexit sha1_base64="baqF/OpKbQ792oHwxAPFW+nLgRg=">AAACCXicbVDLSgMxFM34rPU16tJNsAgupMyooMuiG5cV7AM6Q7mTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBxIO59xLck6UcqaN5307S8srq2vrpY3y5tb2zq67t9/USaYIbZCEJ6odgaacSdowzHDaThUFEXHaioY3E7/1QJVmibw3o5SGAvqSxYyAsVLXxQE1EJgk6IMQMLtPCw2fBynruhWv6k2BF4lfkAoqUO+6X0EvIZmg0hAOWnd8LzVhDsowwum4HGSapkCG0KcdSyUIqsN8mmSMj63Sw3Gi7JEGT9XfGzkIrUcispMCzEDPexPxP6+TmfgqzJlMM0MlmT0UZxzblJNacI8pSgwfWQJEMftXTAaggBhbXtmW4M9HXiTNs6rvVf27i0rtuqijhA7RETpBPrpENXSL6qiBCHpEz+gVvTlPzovz7nzMRpecYucA/YHz+QNCfpoH</latexit><latexit sha1_base64="baqF/OpKbQ792oHwxAPFW+nLgRg=">AAACCXicbVDLSgMxFM34rPU16tJNsAgupMyooMuiG5cV7AM6Q7mTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBxIO59xLck6UcqaN5307S8srq2vrpY3y5tb2zq67t9/USaYIbZCEJ6odgaacSdowzHDaThUFEXHaioY3E7/1QJVmibw3o5SGAvqSxYyAsVLXxQE1EJgk6IMQMLtPCw2fBynruhWv6k2BF4lfkAoqUO+6X0EvIZmg0hAOWnd8LzVhDsowwum4HGSapkCG0KcdSyUIqsN8mmSMj63Sw3Gi7JEGT9XfGzkIrUcispMCzEDPexPxP6+TmfgqzJlMM0MlmT0UZxzblJNacI8pSgwfWQJEMftXTAaggBhbXtmW4M9HXiTNs6rvVf27i0rtuqijhA7RETpBPrpENXSL6qiBCHpEz+gVvTlPzovz7nzMRpecYucA/YHz+QNCfpoH</latexit><latexit sha1_base64="baqF/OpKbQ792oHwxAPFW+nLgRg=">AAACCXicbVDLSgMxFM34rPU16tJNsAgupMyooMuiG5cV7AM6Q7mTZtrQJDMkGaEM3brxV9y4UMStf+DOvzFtZ6GtBxIO59xLck6UcqaN5307S8srq2vrpY3y5tb2zq67t9/USaYIbZCEJ6odgaacSdowzHDaThUFEXHaioY3E7/1QJVmibw3o5SGAvqSxYyAsVLXxQE1EJgk6IMQMLtPCw2fBynruhWv6k2BF4lfkAoqUO+6X0EvIZmg0hAOWnd8LzVhDsowwum4HGSapkCG0KcdSyUIqsN8mmSMj63Sw3Gi7JEGT9XfGzkIrUcispMCzEDPexPxP6+TmfgqzJlMM0MlmT0UZxzblJNacI8pSgwfWQJEMftXTAaggBhbXtmW4M9HXiTNs6rvVf27i0rtuqijhA7RETpBPrpENXSL6qiBCHpEz+gVvTlPzovz7nzMRpecYucA/YHz+QNCfpoH</latexit>

�p ! ⌘⇡0p, ⌘⇡��++

�p ! ⌘0⇡0p, ⌘0⇡��++
<latexit sha1_base64="GghCBbD152v+zBtDZQxwLslZQUo="></latexit><latexit sha1_base64="GghCBbD152v+zBtDZQxwLslZQUo="></latexit><latexit sha1_base64="GghCBbD152v+zBtDZQxwLslZQUo="></latexit><latexit sha1_base64="GghCBbD152v+zBtDZQxwLslZQUo="></latexit>

⌘0 ! ⇡+⇡�⌘
<latexit sha1_base64="AMJZhYlMND0At931b9GQIiYNpKU=">AAACAHicbVC7SgNBFL0bXzG+Vi0stFgMoiCGXRstgzaWCZgHZNcwO5lNhsw+mLkrhJDGX7GxUMRO/Aw7Oz/F2SSFJh64l8M59zJzj58IrtC2v4zcwuLS8kp+tbC2vrG5ZW7v1FWcSspqNBaxbPpEMcEjVkOOgjUTyUjoC9bw+9eZ37hnUvE4usVBwryQdCMecEpQS21zz2VIjl2M3YTfnWbtLFMKbbNol+wxrHniTEmxfPBe/QaAStv8dDsxTUMWIRVEqZZjJ+gNiUROBRsV3FSxhNA+6bKWphEJmfKG4wNG1pFWOlYQS10RWmP198aQhEoNQl9PhgR7atbLxP+8VorBpTfkUZIii+jkoSAVFsZWlobV4ZJRFANNCJVc/9WiPSIJRZ1ZFoIze/I8qZ+XHLvkVHUaVzBBHvbhEE7AgQsoww1UoAYURvAIz/BiPBhPxqvxNhnNGdOdXfgD4+MHioGX7A==</latexit><latexit sha1_base64="4TyBFZ2bEm8Ya1eToM++LIjcPLg=">AAACAHicbVDLSsNAFJ3UV62vqAsXigSLKIglcaPLohuXLdgHNLFMppN26GQSZm6EEroR/BI3LhRxV/wMd36DP+Gk7UKtB+7lcM69zNzjx5wpsO1PIzc3v7C4lF8urKyurW+Ym1t1FSWS0BqJeCSbPlaUM0FrwIDTZiwpDn1OG37/KvMbd1QqFokbGMTUC3FXsIARDFpqmzsuBXzkQuTG7PYka6eZUmibRbtkj2HNEmdKiuW9UfXrYX9UaZsfbiciSUgFEI6Vajl2DF6KJTDC6bDgJorGmPRxl7Y0FTikykvHBwytQ610rCCSugRYY/XnRopDpQahrydDDD3118vE/7xWAsGFlzIRJ0AFmTwUJNyCyMrSsDpMUgJ8oAkmkum/WqSHJSagM8tCcP6ePEvqZyXHLjlVncYlmiCPdtEBOkYOOkdldI0qqIYIGqJH9IxejHvjyXg13iajOWO6s41+wXj/BmjGmVI=</latexit><latexit sha1_base64="4TyBFZ2bEm8Ya1eToM++LIjcPLg=">AAACAHicbVDLSsNAFJ3UV62vqAsXigSLKIglcaPLohuXLdgHNLFMppN26GQSZm6EEroR/BI3LhRxV/wMd36DP+Gk7UKtB+7lcM69zNzjx5wpsO1PIzc3v7C4lF8urKyurW+Ym1t1FSWS0BqJeCSbPlaUM0FrwIDTZiwpDn1OG37/KvMbd1QqFokbGMTUC3FXsIARDFpqmzsuBXzkQuTG7PYka6eZUmibRbtkj2HNEmdKiuW9UfXrYX9UaZsfbiciSUgFEI6Vajl2DF6KJTDC6bDgJorGmPRxl7Y0FTikykvHBwytQ610rCCSugRYY/XnRopDpQahrydDDD3118vE/7xWAsGFlzIRJ0AFmTwUJNyCyMrSsDpMUgJ8oAkmkum/WqSHJSagM8tCcP6ePEvqZyXHLjlVncYlmiCPdtEBOkYOOkdldI0qqIYIGqJH9IxejHvjyXg13iajOWO6s41+wXj/BmjGmVI=</latexit><latexit sha1_base64="ZE2xwq9ZsbtptOHOqXxkw4gD1Mw=">AAACAHicbVC7TsMwFHXKq5RXgIGBJaJCICGqhAXGChbGItGH1ITKcZ3WqmNH9g1SFXXhV1gYQIiVz2Djb3DaDNBypHt1dM69su8JE840uO63VVpaXlldK69XNja3tnfs3b2WlqkitEkkl6oTYk05E7QJDDjtJIriOOS0HY5ucr/9SJVmUtzDOKFBjAeCRYxgMFLPPvAp4BMfpJ+wh7O8nedKpWdX3Zo7hbNIvIJUUYFGz/7y+5KkMRVAONa667kJBBlWwAink4qfappgMsID2jVU4JjqIJseMHGOjdJ3IqlMCXCm6u+NDMdaj+PQTMYYhnrey8X/vG4K0VWQMZGkQAWZPRSl3AHp5Gk4faYoAT42BBPFzF8dMsQKEzCZ5SF48ycvktZFzXNr3p1brV8XcZTRITpCp8hDl6iOblEDNRFBE/SMXtGb9WS9WO/Wx2y0ZBU7++gPrM8feoeVpw==</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
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(�)T `

m;�1�2
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m;�1�2

Im[Zm
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⌘
⇥

⇣
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⌘
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X

`0,m0

⇣
[`](+)
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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>

 Malte Albrecht (IU)                                                                                       JLUO 2022 Annual Meeting

• 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
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and nucleon spin non-flip amplitudes (four coherent sums total):
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⇣
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Finally we arrive at a formulation of the intensity that involves four coherent sums for each configuration
of nucleon spin:

I(⌦,�) = 2
X
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������
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������
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������

X

`,m

[`](�)
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. (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>
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�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)] 
 
 
 

a2(1700), a0(1450)

m = + 2

Lϵ
m = S±

0 , D±
0 , D±
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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
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�p ! ⌘⇡0p D waves

0.1< �t <0.3 GeV2

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4
0

2

4

6

8

10

12

14
310×

0D

) [GeV]0πηM(

C
ou

nt
s/

40
 M

eV

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4
0

2

4

6

8

10

12

14
310×

1D

) [GeV]0πηM(

C
ou

nt
s/

40
 M

eV

Total
+ ref.
- ref.

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4
0

2

4

6

8

10

12

14
310×

2D

) [GeV]0πηM(

C
ou

nt
s/

40
 M

eV

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4
0

2

4

6

8

10

12

14
310×

-1D

) [GeV]0πηM(

C
ou

nt
s/

40
 M

eV

• 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)] 
 
 
 

a2(1700), a0(1450)

m = + 2

Lϵ
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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+
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• Statistical uncertainties (MINUIT) only

• Phase between  and  waves shows 
motion at  position

• Depends on waveset

• Perform semi - mass independent fit to 
extract  contribution
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Semi-Model Independent Fit (               )
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<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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<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

1 1.5 2 2.5 3
0

100

200

300

400

500

600

700

800

)-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 



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 0.2 < t < 0.325 0.325 < t < 0.5 0.5 < t < 0.75 0.75 < t < 1 GeV2

pos. reflectivity 

                 at GlueX
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• 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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Preliminary Semi-Model Independent Fit (               )�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 0.2 < t < 0.325 0.325 < t < 0.5 0.5 < t < 0.75 0.75 < t < 1 GeV2

neg. reflectivity 

                 at GlueX
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• 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>
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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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Extracted Cross Section

16

• 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
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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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Natural parity exchange

Unnatural parity exchange

Stat. uncertainties only!

Theory prediction (JPAC)

-
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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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• 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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�p ! ⇡�⌘�++
<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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Non-  Background at higher tΔ++

18

• At higher t, non-  background important  contains  signal

• Strategy developed:

• Include  mass shape in amplitudes

• Separate components in fit

• Development important also for other channels 

Δ++ → a2

Δ++

(η′ π−Δ++, ωπ−Δ++)

 Malte Albrecht (IU)                                                                                       JLUO 2022 Annual Meeting
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0.1 < t < 0.3GeV2
<latexit sha1_base64="53SlbCrpiFqTLzwR9ppzft77Ouc=">AAACBnicbVA9SwNBEN3zM8avqKUIi0GwkHAXBS0sghZaRjAfkIthbzNJlux9sDsnhiOVjX/FxkIRW3+Dnf/GTXKFJj4YeLw3w8w8L5JCo21/W3PzC4tLy5mV7Ora+sZmbmu7qsNYcajwUIaq7jENUgRQQYES6pEC5nsSal7/cuTX7kFpEQa3OIig6bNuIDqCMzRSK7dnFxx6TtGUXTh2j1yEB0yuoDq8S4rDVi5vF+wx6CxxUpInKcqt3JfbDnnsQ4BcMq0bjh1hM2EKBZcwzLqxhojxPutCw9CA+aCbyfiNIT0wSpt2QmUqQDpWf08kzNd64Hum02fY09PeSPzPa8TYOWsmIohihIBPFnViSTGko0xoWyjgKAeGMK6EuZXyHlOMo0kua0Jwpl+eJdViwTFZ3pzkSxdpHBmyS/bJIXHIKSmRa1ImFcLJI3kmr+TNerJerHfrY9I6Z6UzO+QPrM8fURaWhA==</latexit><latexit sha1_base64="53SlbCrpiFqTLzwR9ppzft77Ouc=">AAACBnicbVA9SwNBEN3zM8avqKUIi0GwkHAXBS0sghZaRjAfkIthbzNJlux9sDsnhiOVjX/FxkIRW3+Dnf/GTXKFJj4YeLw3w8w8L5JCo21/W3PzC4tLy5mV7Ora+sZmbmu7qsNYcajwUIaq7jENUgRQQYES6pEC5nsSal7/cuTX7kFpEQa3OIig6bNuIDqCMzRSK7dnFxx6TtGUXTh2j1yEB0yuoDq8S4rDVi5vF+wx6CxxUpInKcqt3JfbDnnsQ4BcMq0bjh1hM2EKBZcwzLqxhojxPutCw9CA+aCbyfiNIT0wSpt2QmUqQDpWf08kzNd64Hum02fY09PeSPzPa8TYOWsmIohihIBPFnViSTGko0xoWyjgKAeGMK6EuZXyHlOMo0kua0Jwpl+eJdViwTFZ3pzkSxdpHBmyS/bJIXHIKSmRa1ImFcLJI3kmr+TNerJerHfrY9I6Z6UzO+QPrM8fURaWhA==</latexit><latexit sha1_base64="53SlbCrpiFqTLzwR9ppzft77Ouc=">AAACBnicbVA9SwNBEN3zM8avqKUIi0GwkHAXBS0sghZaRjAfkIthbzNJlux9sDsnhiOVjX/FxkIRW3+Dnf/GTXKFJj4YeLw3w8w8L5JCo21/W3PzC4tLy5mV7Ora+sZmbmu7qsNYcajwUIaq7jENUgRQQYES6pEC5nsSal7/cuTX7kFpEQa3OIig6bNuIDqCMzRSK7dnFxx6TtGUXTh2j1yEB0yuoDq8S4rDVi5vF+wx6CxxUpInKcqt3JfbDnnsQ4BcMq0bjh1hM2EKBZcwzLqxhojxPutCw9CA+aCbyfiNIT0wSpt2QmUqQDpWf08kzNd64Hum02fY09PeSPzPa8TYOWsmIohihIBPFnViSTGko0xoWyjgKAeGMK6EuZXyHlOMo0kua0Jwpl+eJdViwTFZ3pzkSxdpHBmyS/bJIXHIKSmRa1ImFcLJI3kmr+TNerJerHfrY9I6Z6UzO+QPrM8fURaWhA==</latexit><latexit sha1_base64="53SlbCrpiFqTLzwR9ppzft77Ouc=">AAACBnicbVA9SwNBEN3zM8avqKUIi0GwkHAXBS0sghZaRjAfkIthbzNJlux9sDsnhiOVjX/FxkIRW3+Dnf/GTXKFJj4YeLw3w8w8L5JCo21/W3PzC4tLy5mV7Ora+sZmbmu7qsNYcajwUIaq7jENUgRQQYES6pEC5nsSal7/cuTX7kFpEQa3OIig6bNuIDqCMzRSK7dnFxx6TtGUXTh2j1yEB0yuoDq8S4rDVi5vF+wx6CxxUpInKcqt3JfbDnnsQ4BcMq0bjh1hM2EKBZcwzLqxhojxPutCw9CA+aCbyfiNIT0wSpt2QmUqQDpWf08kzNd64Hum02fY09PeSPzPa8TYOWsmIohihIBPFnViSTGko0xoWyjgKAeGMK6EuZXyHlOMo0kua0Jwpl+eJdViwTFZ3pzkSxdpHBmyS/bJIXHIKSmRa1ImFcLJI3kmr+TNerJerHfrY9I6Z6UzO+QPrM8fURaWhA==</latexit>

0.3 < t < 0.6GeV2
<latexit sha1_base64="ytfPGg6ndQv++EYnJaFL0geXz2M=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUHwIMNMFPXgIehBjxHMAkkMPZ1K0qRnobtGDENOXvwVLx4U8eo3ePNv7CwHTXxQ8Hiviqp6XiSFRsf5tlJz8wuLS+nlzMrq2vpGdnOrrMNYcSjxUIaq6jENUgRQQoESqpEC5nsSKl7vcuhX7kFpEQa32I+g4bNOINqCMzRSM7vr2Ef0nKIpxz6pH9YRHjC5gvLgLskPmtmcYzsj0FniTkiOTFBsZr/qrZDHPgTIJdO65joRNhKmUHAJg0w91hAx3mMdqBkaMB90Ixm9MaD7RmnRdqhMBUhH6u+JhPla933PdPoMu3raG4r/ebUY22eNRARRjBDw8aJ2LCmGdJgJbQkFHGXfEMaVMLdS3mWKcTTJZUwI7vTLs6Sct13Hdm+Oc4WLSRxpskP2yAFxySkpkGtSJCXCySN5Jq/kzXqyXqx362PcmrImM9vkD6zPH1kOlok=</latexit><latexit sha1_base64="ytfPGg6ndQv++EYnJaFL0geXz2M=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUHwIMNMFPXgIehBjxHMAkkMPZ1K0qRnobtGDENOXvwVLx4U8eo3ePNv7CwHTXxQ8Hiviqp6XiSFRsf5tlJz8wuLS+nlzMrq2vpGdnOrrMNYcSjxUIaq6jENUgRQQoESqpEC5nsSKl7vcuhX7kFpEQa32I+g4bNOINqCMzRSM7vr2Ef0nKIpxz6pH9YRHjC5gvLgLskPmtmcYzsj0FniTkiOTFBsZr/qrZDHPgTIJdO65joRNhKmUHAJg0w91hAx3mMdqBkaMB90Ixm9MaD7RmnRdqhMBUhH6u+JhPla933PdPoMu3raG4r/ebUY22eNRARRjBDw8aJ2LCmGdJgJbQkFHGXfEMaVMLdS3mWKcTTJZUwI7vTLs6Sct13Hdm+Oc4WLSRxpskP2yAFxySkpkGtSJCXCySN5Jq/kzXqyXqx362PcmrImM9vkD6zPH1kOlok=</latexit><latexit sha1_base64="ytfPGg6ndQv++EYnJaFL0geXz2M=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUHwIMNMFPXgIehBjxHMAkkMPZ1K0qRnobtGDENOXvwVLx4U8eo3ePNv7CwHTXxQ8Hiviqp6XiSFRsf5tlJz8wuLS+nlzMrq2vpGdnOrrMNYcSjxUIaq6jENUgRQQoESqpEC5nsSKl7vcuhX7kFpEQa32I+g4bNOINqCMzRSM7vr2Ef0nKIpxz6pH9YRHjC5gvLgLskPmtmcYzsj0FniTkiOTFBsZr/qrZDHPgTIJdO65joRNhKmUHAJg0w91hAx3mMdqBkaMB90Ixm9MaD7RmnRdqhMBUhH6u+JhPla933PdPoMu3raG4r/ebUY22eNRARRjBDw8aJ2LCmGdJgJbQkFHGXfEMaVMLdS3mWKcTTJZUwI7vTLs6Sct13Hdm+Oc4WLSRxpskP2yAFxySkpkGtSJCXCySN5Jq/kzXqyXqx362PcmrImM9vkD6zPH1kOlok=</latexit><latexit sha1_base64="ytfPGg6ndQv++EYnJaFL0geXz2M=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUHwIMNMFPXgIehBjxHMAkkMPZ1K0qRnobtGDENOXvwVLx4U8eo3ePNv7CwHTXxQ8Hiviqp6XiSFRsf5tlJz8wuLS+nlzMrq2vpGdnOrrMNYcSjxUIaq6jENUgRQQoESqpEC5nsSKl7vcuhX7kFpEQa32I+g4bNOINqCMzRSM7vr2Ef0nKIpxz6pH9YRHjC5gvLgLskPmtmcYzsj0FniTkiOTFBsZr/qrZDHPgTIJdO65joRNhKmUHAJg0w91hAx3mMdqBkaMB90Ixm9MaD7RmnRdqhMBUhH6u+JhPla933PdPoMu3raG4r/ebUY22eNRARRjBDw8aJ2LCmGdJgJbQkFHGXfEMaVMLdS3mWKcTTJZUwI7vTLs6Sct13Hdm+Oc4WLSRxpskP2yAFxySkpkGtSJCXCySN5Jq/kzXqyXqx362PcmrImM9vkD6zPH1kOlok=</latexit>

0.6 < t < 1.0GeV2
<latexit sha1_base64="aznpRDxKpyUwdZC1A5Xa+P8GNQ0=">AAACBnicbVDJSgNBEO1xjXEb9ShCYxA8yDATRD14CHrQYwSzQBJDT6eSNOlZ6K4Rw5CTF3/FiwdFvPoN3vwbO8tBEx8UPN6roqqeH0uh0XW/rbn5hcWl5cxKdnVtfWPT3tou6yhRHEo8kpGq+kyDFCGUUKCEaqyABb6Eit+7HPqVe1BaROEt9mNoBKwTirbgDI3UtPdc54SeUzTlOW79qI7wgOkVlAd3aX7QtHOu445AZ4k3ITkyQbFpf9VbEU8CCJFLpnXNc2NspEyh4BIG2XqiIWa8xzpQMzRkAehGOnpjQA+M0qLtSJkKkY7U3xMpC7TuB77pDBh29bQ3FP/zagm2zxqpCOMEIeTjRe1EUozoMBPaEgo4yr4hjCthbqW8yxTjaJLLmhC86ZdnSTnveK7j3RznCheTODJkl+yTQ+KRU1Ig16RISoSTR/JMXsmb9WS9WO/Wx7h1zprM7JA/sD5/AFYGloc=</latexit><latexit sha1_base64="aznpRDxKpyUwdZC1A5Xa+P8GNQ0=">AAACBnicbVDJSgNBEO1xjXEb9ShCYxA8yDATRD14CHrQYwSzQBJDT6eSNOlZ6K4Rw5CTF3/FiwdFvPoN3vwbO8tBEx8UPN6roqqeH0uh0XW/rbn5hcWl5cxKdnVtfWPT3tou6yhRHEo8kpGq+kyDFCGUUKCEaqyABb6Eit+7HPqVe1BaROEt9mNoBKwTirbgDI3UtPdc54SeUzTlOW79qI7wgOkVlAd3aX7QtHOu445AZ4k3ITkyQbFpf9VbEU8CCJFLpnXNc2NspEyh4BIG2XqiIWa8xzpQMzRkAehGOnpjQA+M0qLtSJkKkY7U3xMpC7TuB77pDBh29bQ3FP/zagm2zxqpCOMEIeTjRe1EUozoMBPaEgo4yr4hjCthbqW8yxTjaJLLmhC86ZdnSTnveK7j3RznCheTODJkl+yTQ+KRU1Ig16RISoSTR/JMXsmb9WS9WO/Wx7h1zprM7JA/sD5/AFYGloc=</latexit><latexit sha1_base64="aznpRDxKpyUwdZC1A5Xa+P8GNQ0=">AAACBnicbVDJSgNBEO1xjXEb9ShCYxA8yDATRD14CHrQYwSzQBJDT6eSNOlZ6K4Rw5CTF3/FiwdFvPoN3vwbO8tBEx8UPN6roqqeH0uh0XW/rbn5hcWl5cxKdnVtfWPT3tou6yhRHEo8kpGq+kyDFCGUUKCEaqyABb6Eit+7HPqVe1BaROEt9mNoBKwTirbgDI3UtPdc54SeUzTlOW79qI7wgOkVlAd3aX7QtHOu445AZ4k3ITkyQbFpf9VbEU8CCJFLpnXNc2NspEyh4BIG2XqiIWa8xzpQMzRkAehGOnpjQA+M0qLtSJkKkY7U3xMpC7TuB77pDBh29bQ3FP/zagm2zxqpCOMEIeTjRe1EUozoMBPaEgo4yr4hjCthbqW8yxTjaJLLmhC86ZdnSTnveK7j3RznCheTODJkl+yTQ+KRU1Ig16RISoSTR/JMXsmb9WS9WO/Wx7h1zprM7JA/sD5/AFYGloc=</latexit><latexit sha1_base64="aznpRDxKpyUwdZC1A5Xa+P8GNQ0=">AAACBnicbVDJSgNBEO1xjXEb9ShCYxA8yDATRD14CHrQYwSzQBJDT6eSNOlZ6K4Rw5CTF3/FiwdFvPoN3vwbO8tBEx8UPN6roqqeH0uh0XW/rbn5hcWl5cxKdnVtfWPT3tou6yhRHEo8kpGq+kyDFCGUUKCEaqyABb6Eit+7HPqVe1BaROEt9mNoBKwTirbgDI3UtPdc54SeUzTlOW79qI7wgOkVlAd3aX7QtHOu445AZ4k3ITkyQbFpf9VbEU8CCJFLpnXNc2NspEyh4BIG2XqiIWa8xzpQMzRkAehGOnpjQA+M0qLtSJkKkY7U3xMpC7TuB77pDBh29bQ3FP/zagm2zxqpCOMEIeTjRe1EUozoMBPaEgo4yr4hjCthbqW8yxTjaJLLmhC86ZdnSTnveK7j3RznCheTODJkl+yTQ+KRU1Ig16RISoSTR/JMXsmb9WS9WO/Wx7h1zprM7JA/sD5/AFYGloc=</latexit>



Comparison: Charged and Neutral Channels 
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• 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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Where to Go from Here - The Big Picture
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• Extraction of  cross section against proton and  is first goal

• Prompted code development, extension of amplitude library, performance 
enhancements, … useful for all amplitude analyses

• Publication in preparation

• In parallel: preparing amplitude analysis for  channel

• Survey shows potential for large exotic contribution  
(using  cross section from  as reference!)

• Near and far future:

• Axial vector - pseudo scalar channels under investigation in parallel  
(largest hybrid branching fraction)

• Search for partner states (e.g. in  (recent BESIII hybrid result),  
hybrids with non-exotic quantum numbers, combine channels, …)

• Future CEBAF energy upgrade: Benefits for spectroscopy program!  
 Suppression of double-regge contributions, accessibility of XYZ states, …. 

a2 Δ++

η′ π−

a2 ηπ0

ηη′ 

→
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Summary and Outlook
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• High quality photoproduction data sets available, analyses 
underway

• Partial wave analysis tools being used and further developed

• Measurement of  cross section in  demonstrates our 
ability to utilize beam polarization 

• Important stepping stone for hybrid search

• Highly productive and valuable collaboration with theory (JPAC)

• En route to first results on exotic mesons with GlueX!

a2(1320) ηπ

Summary

gluex.org/thanks

Acknowledgments:
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❖ 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, . . .

Acknowledgements: gluex.org/thanks
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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

Malte Albrecht (RUB EPI) PWA with PAWIAN 3

• 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

[Data from PDG2018] 
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