
Experimental Hadron Spectroscopy

Malte Albrecht
Indiana University

International Symposium on Multiparticle Dynamics
ISMD 2021

07 / 14 / 2021



Why Spectroscopy?
• Atomic spectroscopy:

• Famous example: Hydrogen absorption / 
emission spectrum

➡ Enabled study of electromagnetic 
processes

• Hadron spectroscopy:

• Study QCD through the excitation 
spectrum of strong interaction

➡ What are the correct degrees of 
freedom?

➡ What are the effective forces?

➡ What is the role of gluons?

      Will discuss two selected topics:

1) Charmonium-like tetraquark candidates

2) Light hybrid meson candidates
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Why Hadron Spectroscopy?

Exotic mesons in COMPASS 2B. Ketzer

Remember the hydrogen atom…

Similarly: study QCD through the excitation spectrum 
of strong interaction
• Strongly coupled theory
• Models, effective theories, L-QCD
• Which are the correct degrees of freedom?
• What are the effective forces?

[S. Bethke, Progr. Part. Nucl. Phys. 58, 351 (2007)] 
[S.Bethke, Prog.Part.Nucl.Phys. 58, 351 (2007)]



(Hadron) Spectroscopy
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(Hadron) Spectroscopy

➡ Internal structure of light mesons governed by non-perturbative QCD-dynamics

 Malte Albrecht                                                                                                              DPG Frühjahrstagung 2018 - Bochum4
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Heavy Quarkonia
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• Potential model: Reasonable results below open-flavor thresholds

• Surprises: BaBar (SLAC, USA) and Belle (KEK, Japan), BESIII (IHEP, China) 
find unpredicted states
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Phys.Lett. 8, 3 (1964)]

• Hybrids (mesons with excited  
gluonic degrees of freedom) 

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

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

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

      Tetraquark                   Di-quarkonium                 Molecule                Hadro-quarkonium

qq

[M.Gell-Mann, 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Meson-like states in the Quark Model

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

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

      Tetraquark                   Di-quarkonium                 Molecule                Hadro-quarkonium

qq

Possible configurations for inner structure:
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• Electromagnetic probes:

•           annihilation  
          (CLEO, BaBar, Belle(2), BESIII, …)

• Only direct production of                   

•         Photoproduction  
        (GlueX, CLAS, CBELSA, …) 

• Hadronic probes:

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

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

•        collisions (COMPASS, VES, …)

e+e�
<latexit sha1_base64="2nfXWo5cKQaWPQ0myKX8hg32GPM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QF7OT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h/UdZQohjUWiUg1fapRcIk1w43AZqyQhr7Ahj+6nfqNJ1SaR/LBjGPshHQgecAZNVaqY/cMu+e9YsktuzOQZeJlpAQZqr3iV7sfsSREaZigWrc8NzadlCrDmcBJoZ1ojCkb0QG2LJU0RN1JZ9dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eKzHBdSflMk4MSjZfFCSCmIhMXyd9rpAZMbaEMsXtrYQNqaLM2IAKNgRv8eVlUr8oe27Zu78sVW6yOPJwBMdwCh5cQQXuoAo1YPAIz/AKb07kvDjvzse8NedkM4fwB87nD8KgjpQ=</latexit><latexit sha1_base64="2nfXWo5cKQaWPQ0myKX8hg32GPM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QF7OT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h/UdZQohjUWiUg1fapRcIk1w43AZqyQhr7Ahj+6nfqNJ1SaR/LBjGPshHQgecAZNVaqY/cMu+e9YsktuzOQZeJlpAQZqr3iV7sfsSREaZigWrc8NzadlCrDmcBJoZ1ojCkb0QG2LJU0RN1JZ9dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eKzHBdSflMk4MSjZfFCSCmIhMXyd9rpAZMbaEMsXtrYQNqaLM2IAKNgRv8eVlUr8oe27Zu78sVW6yOPJwBMdwCh5cQQXuoAo1YPAIz/AKb07kvDjvzse8NedkM4fwB87nD8KgjpQ=</latexit><latexit sha1_base64="2nfXWo5cKQaWPQ0myKX8hg32GPM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QF7OT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h/UdZQohjUWiUg1fapRcIk1w43AZqyQhr7Ahj+6nfqNJ1SaR/LBjGPshHQgecAZNVaqY/cMu+e9YsktuzOQZeJlpAQZqr3iV7sfsSREaZigWrc8NzadlCrDmcBJoZ1ojCkb0QG2LJU0RN1JZ9dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eKzHBdSflMk4MSjZfFCSCmIhMXyd9rpAZMbaEMsXtrYQNqaLM2IAKNgRv8eVlUr8oe27Zu78sVW6yOPJwBMdwCh5cQQXuoAo1YPAIz/AKb07kvDjvzse8NedkM4fwB87nD8KgjpQ=</latexit><latexit sha1_base64="2nfXWo5cKQaWPQ0myKX8hg32GPM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBD0GvXiMYB6QF7OT3mTM7OwyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1093lx4Jr47rfTm5ldW19I79Z2Nre2d0r7h/UdZQohjUWiUg1fapRcIk1w43AZqyQhr7Ahj+6nfqNJ1SaR/LBjGPshHQgecAZNVaqY/cMu+e9YsktuzOQZeJlpAQZqr3iV7sfsSREaZigWrc8NzadlCrDmcBJoZ1ojCkb0QG2LJU0RN1JZ9dOyIlV+iSIlC1pyEz9PZHSUOtx6NvOkJqhXvSm4n9eKzHBdSflMk4MSjZfFCSCmIhMXyd9rpAZMbaEMsXtrYQNqaLM2IAKNgRv8eVlUr8oe27Zu78sVW6yOPJwBMdwCh5cQQXuoAo1YPAIz/AKb07kvDjvzse8NedkM4fwB87nD8KgjpQ=</latexit>

JPC = 1��
<latexit sha1_base64="mnM4wiIm2OYe3Wwi4h6OC0JKa3E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBS0sigl6EYi/iqYL9gDYtm+2mXbrZxN1NoYT8Di8eFPHqj/Hmv3Hb5qCtDwYe780wM8+LOFPatr+t3Nr6xuZWfruws7u3f1A8PGqqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvXZn5rQqVioXjU04i6AR4K5jOCtZHc+15Sr6U3Ti8pl9N+sWRX7DnQKnEyUoIM9X7xqzsISRxQoQnHSnUcO9JugqVmhNO00I0VjTAZ4yHtGCpwQJWbzI9O0ZlRBsgPpSmh0Vz9PZHgQKlp4JnOAOuRWvZm4n9eJ9b+tZswEcWaCrJY5Mcc6RDNEkADJinRfGoIJpKZWxEZYYmJNjkVTAjO8surpHlRceyK83BZqt5mceThBE7hHBy4gircQR0aQOAJnuEV3qyJ9WK9Wx+L1pyVzRzDH1ifP5E/kU0=</latexit><latexit sha1_base64="mnM4wiIm2OYe3Wwi4h6OC0JKa3E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBS0sigl6EYi/iqYL9gDYtm+2mXbrZxN1NoYT8Di8eFPHqj/Hmv3Hb5qCtDwYe780wM8+LOFPatr+t3Nr6xuZWfruws7u3f1A8PGqqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvXZn5rQqVioXjU04i6AR4K5jOCtZHc+15Sr6U3Ti8pl9N+sWRX7DnQKnEyUoIM9X7xqzsISRxQoQnHSnUcO9JugqVmhNO00I0VjTAZ4yHtGCpwQJWbzI9O0ZlRBsgPpSmh0Vz9PZHgQKlp4JnOAOuRWvZm4n9eJ9b+tZswEcWaCrJY5Mcc6RDNEkADJinRfGoIJpKZWxEZYYmJNjkVTAjO8surpHlRceyK83BZqt5mceThBE7hHBy4gircQR0aQOAJnuEV3qyJ9WK9Wx+L1pyVzRzDH1ifP5E/kU0=</latexit><latexit sha1_base64="mnM4wiIm2OYe3Wwi4h6OC0JKa3E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBS0sigl6EYi/iqYL9gDYtm+2mXbrZxN1NoYT8Di8eFPHqj/Hmv3Hb5qCtDwYe780wM8+LOFPatr+t3Nr6xuZWfruws7u3f1A8PGqqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvXZn5rQqVioXjU04i6AR4K5jOCtZHc+15Sr6U3Ti8pl9N+sWRX7DnQKnEyUoIM9X7xqzsISRxQoQnHSnUcO9JugqVmhNO00I0VjTAZ4yHtGCpwQJWbzI9O0ZlRBsgPpSmh0Vz9PZHgQKlp4JnOAOuRWvZm4n9eJ9b+tZswEcWaCrJY5Mcc6RDNEkADJinRfGoIJpKZWxEZYYmJNjkVTAjO8surpHlRceyK83BZqt5mceThBE7hHBy4gircQR0aQOAJnuEV3qyJ9WK9Wx+L1pyVzRzDH1ifP5E/kU0=</latexit><latexit sha1_base64="mnM4wiIm2OYe3Wwi4h6OC0JKa3E=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBS0sigl6EYi/iqYL9gDYtm+2mXbrZxN1NoYT8Di8eFPHqj/Hmv3Hb5qCtDwYe780wM8+LOFPatr+t3Nr6xuZWfruws7u3f1A8PGqqMJaENkjIQ9n2sKKcCdrQTHPajiTFgcdpyxvXZn5rQqVioXjU04i6AR4K5jOCtZHc+15Sr6U3Ti8pl9N+sWRX7DnQKnEyUoIM9X7xqzsISRxQoQnHSnUcO9JugqVmhNO00I0VjTAZ4yHtGCpwQJWbzI9O0ZlRBsgPpSmh0Vz9PZHgQKlp4JnOAOuRWvZm4n9eJ9b+tZswEcWaCrJY5Mcc6RDNEkADJinRfGoIJpKZWxEZYYmJNjkVTAjO8surpHlRceyK83BZqt5mceThBE7hHBy4gircQR0aQOAJnuEV3qyJ9WK9Wx+L1pyVzRzDH1ifP5E/kU0=</latexit>

pp
<latexit sha1_base64="lRiaqmx6pHyJg1IEaLKN9+3IUL0=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOepMhs7PDzKwQQv7AiwdFvPpH3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/loxwrDhA4kjzmj1kkPSvXKFb/qz0FWSZCTCuSo98pf3X7KsgSlZYIa0wl8ZcMJ1ZYzgdNSNzOoKBvRAXYclTRBE07ml07JmVP6JE61K2nJXP09MaGJMeMkcp0JtUOz7M3E/7xOZuPrcMKlyixKtlgUZ4LYlMzeJn2ukVkxdoQyzd2thA2ppsy6cEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1gEMMzvMKbN/JevHfvY9Fa8PKZY/gD7/MHqTyNbg==</latexit><latexit sha1_base64="lRiaqmx6pHyJg1IEaLKN9+3IUL0=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOepMhs7PDzKwQQv7AiwdFvPpH3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/loxwrDhA4kjzmj1kkPSvXKFb/qz0FWSZCTCuSo98pf3X7KsgSlZYIa0wl8ZcMJ1ZYzgdNSNzOoKBvRAXYclTRBE07ml07JmVP6JE61K2nJXP09MaGJMeMkcp0JtUOz7M3E/7xOZuPrcMKlyixKtlgUZ4LYlMzeJn2ukVkxdoQyzd2thA2ppsy6cEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1gEMMzvMKbN/JevHfvY9Fa8PKZY/gD7/MHqTyNbg==</latexit><latexit sha1_base64="lRiaqmx6pHyJg1IEaLKN9+3IUL0=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOepMhs7PDzKwQQv7AiwdFvPpH3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/loxwrDhA4kjzmj1kkPSvXKFb/qz0FWSZCTCuSo98pf3X7KsgSlZYIa0wl8ZcMJ1ZYzgdNSNzOoKBvRAXYclTRBE07ml07JmVP6JE61K2nJXP09MaGJMeMkcp0JtUOz7M3E/7xOZuPrcMKlyixKtlgUZ4LYlMzeJn2ukVkxdoQyzd2thA2ppsy6cEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1gEMMzvMKbN/JevHfvY9Fa8PKZY/gD7/MHqTyNbg==</latexit><latexit sha1_base64="lRiaqmx6pHyJg1IEaLKN9+3IUL0=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF49RzAOSJcxOepMhs7PDzKwQQv7AiwdFvPpH3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/loxwrDhA4kjzmj1kkPSvXKFb/qz0FWSZCTCuSo98pf3X7KsgSlZYIa0wl8ZcMJ1ZYzgdNSNzOoKBvRAXYclTRBE07ml07JmVP6JE61K2nJXP09MaGJMeMkcp0JtUOz7M3E/7xOZuPrcMKlyixKtlgUZ4LYlMzeJn2ukVkxdoQyzd2thA2ppsy6cEouhGD55VXSvKgGfjW4v6zUbvI4inACp3AOAVxBDe6gDg1gEMMzvMKbN/JevHfvY9Fa8PKZY/gD7/MHqTyNbg==</latexit>

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

⇡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>

�N
<latexit sha1_base64="tP7sm/ypwnNtsQTewemF0ahmoIo=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTAwkR5jbbJIlu3vn7p4QjvwJGwtFbP07dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLWrQgNE1yxhuVWsFaiGcpIsIdodD31H56YNjxW93acsFDiQPE+p2id1OoMUEokt91yxa/6M5BlEuSkAjnq3fJXpxfTVDJlqUBj2oGf2DBDbTkVbFLqpIYlSEc4YG1HFUpmwmx274ScOKVH+rF2pSyZqb8nMpTGjGXkOiXaoVn0puJ/Xju1/csw4ypJLVN0vqifCmJjMn2e9Lhm1IqxI0g1d7cSOkSN1LqISi6EYPHlZdI8qwZ+Nbg7r9Su8jiKcATHcAoBXEANbqAODaAg4Ble4c179F68d+9j3lrw8plD+APv8wd8bo+X</latexit><latexit sha1_base64="tP7sm/ypwnNtsQTewemF0ahmoIo=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTAwkR5jbbJIlu3vn7p4QjvwJGwtFbP07dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLWrQgNE1yxhuVWsFaiGcpIsIdodD31H56YNjxW93acsFDiQPE+p2id1OoMUEokt91yxa/6M5BlEuSkAjnq3fJXpxfTVDJlqUBj2oGf2DBDbTkVbFLqpIYlSEc4YG1HFUpmwmx274ScOKVH+rF2pSyZqb8nMpTGjGXkOiXaoVn0puJ/Xju1/csw4ypJLVN0vqifCmJjMn2e9Lhm1IqxI0g1d7cSOkSN1LqISi6EYPHlZdI8qwZ+Nbg7r9Su8jiKcATHcAoBXEANbqAODaAg4Ble4c179F68d+9j3lrw8plD+APv8wd8bo+X</latexit><latexit sha1_base64="tP7sm/ypwnNtsQTewemF0ahmoIo=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTAwkR5jbbJIlu3vn7p4QjvwJGwtFbP07dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLWrQgNE1yxhuVWsFaiGcpIsIdodD31H56YNjxW93acsFDiQPE+p2id1OoMUEokt91yxa/6M5BlEuSkAjnq3fJXpxfTVDJlqUBj2oGf2DBDbTkVbFLqpIYlSEc4YG1HFUpmwmx274ScOKVH+rF2pSyZqb8nMpTGjGXkOiXaoVn0puJ/Xju1/csw4ypJLVN0vqifCmJjMn2e9Lhm1IqxI0g1d7cSOkSN1LqISi6EYPHlZdI8qwZ+Nbg7r9Su8jiKcATHcAoBXEANbqAODaAg4Ble4c179F68d+9j3lrw8plD+APv8wd8bo+X</latexit><latexit sha1_base64="tP7sm/ypwnNtsQTewemF0ahmoIo=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYyURTAwkR5jbbJIlu3vn7p4QjvwJGwtFbP07dv4bN8kVmvhg4PHeDDPzokRwY33/2yusrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLWrQgNE1yxhuVWsFaiGcpIsIdodD31H56YNjxW93acsFDiQPE+p2id1OoMUEokt91yxa/6M5BlEuSkAjnq3fJXpxfTVDJlqUBj2oGf2DBDbTkVbFLqpIYlSEc4YG1HFUpmwmx274ScOKVH+rF2pSyZqb8nMpTGjGXkOiXaoVn0puJ/Xju1/csw4ypJLVN0vqifCmJjMn2e9Lhm1IqxI0g1d7cSOkSN1LqISi6EYPHlZdI8qwZ+Nbg7r9Su8jiKcATHcAoBXEANbqAODaAg4Ble4c179F68d+9j3lrw8plD+APv8wd8bo+X</latexit>

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

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

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

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

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

JPC
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• New state found in           annihilations  at                          
A First kind exotic: The charged      :

• Observed state decays into 
charmonium + charged light 
meson 

➡If it is a resonance, minimum  
 quark content is             
 Undoubtedly exotic!

 Malte Albrecht                                                                                                              DPG Frühjahrstagung 2018 - Bochum8

“1st Kind” Exotics: Discovery
p
s = 4.26GeVe+e�

Zc

ccud

c
c u

d

cc

u d

Zc J/ 

⇡+

Zc
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The charged      :

Obviously exotic!           
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Summary of the Z states at BESIII

15

BESIII Z
c 
status

 

Summary of the Z observed at BESIII

Each of them seems to have a D(*)D* counterpart @ indication of nature of Z states?
Two isospin-triplets of charged, charmonium-like four-quark states have

been established, if quantum numbers match!

(! to be determined)

Malte Albrecht (RUB EPI) Hadron Spectroscopy at BESIII 16

• Two isospin triplets of charged charmonium-like states established?

• Zc(3900): close to DD* threshold

• Zc(4020): close to D*D* threshold

 Malte Albrecht (IU)                                                                Experimental Hadron Spectroscopy - ISMD2021
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FIG. 3. Simultaneous unbinned maximum likelihood fit to
the K+ recoil-mass spectra in data at

√
s=4.628, 4.641,

4.661, 4.681 and 4.698 GeV. Note that the size of the
D∗0D̄∗

1(2600)
0(→ D−

s K+) component is consistent with ze-
ro.

Figure 3(a) shows the RM(K+) distribution for events
at

√
s = 4.681GeV; an enhancement is evident in the

region RM(K+) < 4GeV/c2 compared to the expec-
tation from the WS events. This is clearly illustrat-
ed in the RM(K+) distribution in data with subtrac-
tion of the WS component in Fig. 4. The enhance-
ment cannot be attributed to the NR signal processes
e+e− → K+(D−

s D
∗0+D∗−

s D0). To understand potential

contributions from the processes e+e− → D(∗)−
s D∗∗+

s (→
D(∗)0K+) or D(∗)0D̄∗∗0(→ D(∗)−

s K+), we examine all
known D∗∗

(s) excited states [30, 31] using MC simulation
samples. Dedicated exclusive MC studies show that none
of these processes, including possible interference effects,
exhibit a narrow structure below 4.0GeV/c2 [28].

The following three processes that contain excit-
ed D∗∗+

s background have potential contributions
to the RM(K+) spectrum: (1) D−

s D
∗
s1(2536)

+(→
D∗0K+), (2) D∗−

s D∗
s2(2573)

+(→ D0K+), and
(3) D−

s D
∗
s1(2700)

+(→ D∗0K+). We estimate their
production cross sections by studying several control
samples. The yields for channel (1) are estimated by
analyzing the D∗

s1(2536)
+ peak in the D∗0K+ mass

spectra using two separate partially reconstructed sam-
ples: K+D−

s (with D∗0 missing) and K+D∗0 (with D−
s

missing). For channel (2), control samples are selected
by reconstructing D0K+γ (with missing D−

s ) or K
+D∗−

s
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FIG. 4. The K+ recoil-mass spectrum in data at
√
s =

4.681GeV after subtraction of the combinatorial back-
grounds.

(with missing D0). The D∗
s2(2573)

+ yield is obtained
from combined fits to the D0K+ mass spectra. From
this, the contribution from channel (2) to the signal can-
didates in Fig. 3 is evaluated. For channel (3), a control
sample of e+e− → D−

s D
∗
s1(2700)

+(→ D0K+) is selected
by detecting the D−

s K
+ recoiling against a missing

D0. We then use the BF ratio of B(D∗
s1(2700)

+ →
D∗0K+)/B(D∗

s1(2700)
+ → D0K+) = 0.91± 0.18 [32] to

estimate the strength of this background contribution.
The shapes in RM(K+) of these three channels are
extracted from MC samples, whereas the normalization
is derived from the control samples. The estimated
background contributions of the channels (1), (2) and
(3) in the RM(K+) spectrum at

√
s = 4.681GeV are

54.4± 8.0, 19.1± 7.6 and 15.0± 13.3 events, respectively.
For the other energy points, the estimated yields of the
three channels are given in Ref. [28].
Two processes with excited nonstrange D̄∗∗0 states

that produce potential enhancements around 4GeV/c2

in RM(K+) are D∗0D̄∗
1(2600)

0(→ D−
s K

+) [30, 31] and
D0D̄∗

3(2750)
0(→ D∗−

s K+). In these processes, the
RM(K+) spectrum is distorted due to limited produc-
tion phase space. The first process is studied using
an amplitude analysis of the control sample e+e− →
D∗0D̄∗

1(2600)
0(→ D−π+) at all five energy points. Since

the ratio B(D̄∗
1(2600)

0 → D−
s K

+)/B(D̄∗
1(2600)

0 →
D−π+) is unknown, it is difficult to project the results of
the amplitude analysis into our signal channel. Instead,
we determine the ratio in our nominal fit, providing a
constraint on the size of the D∗0D̄∗

1(2600)
0(→ D−

s K
+)

component at the different energy points. For the second
process, no significant signal is observed in the control
sample e+e− → D0D̄∗

3(2750)
0(→ D−π+). Assuming the

relative BF ratio B(D̄∗
3 → D∗−

s K+)/B(D̄∗
3 → D−π+) =

4.1% [33], the contribution of the D0D∗
3(2750)

0 channel
to Fig. 3 is estimated to be 0.0± 0.4 events, and the cor-
responding upper limit is taken into account as a source
of systematic uncertainty.
As no known processes explain the observed en-

hancement in the RM(K+) spectrum, which is very
close to the threshold of D−

s D
∗0 (3975.2MeV/c2) and

D∗−
s D0 (3977.0MeV/c2), we consider the possibility of

describing the structure as a D−
s D

∗0 and D∗−
s D0 res-

onance with a mass-dependent-width Breit-Wigner line

e+e� ! K+(D�
s D

⇤0 +D⇤�
s D0)
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K+
<latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit><latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit><latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit><latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit>

Z�
cs

<latexit sha1_base64="eN5heKNhPb5/LXtnPbjIsex33KE=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWMF+4FtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+WdGSXoR7QvecgZNVZq3XczpscPp91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwB5aaP3A==</latexit><latexit sha1_base64="eN5heKNhPb5/LXtnPbjIsex33KE=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWMF+4FtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+WdGSXoR7QvecgZNVZq3XczpscPp91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwB5aaP3A==</latexit><latexit sha1_base64="eN5heKNhPb5/LXtnPbjIsex33KE=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWMF+4FtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+WdGSXoR7QvecgZNVZq3XczpscPp91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwB5aaP3A==</latexit><latexit sha1_base64="eN5heKNhPb5/LXtnPbjIsex33KE=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4sSQi6LHoxWMF+4FtLJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbT6g0j+WdGSXoR7QvecgZNVZq3XczpscPp91S2a24U5BF4uWkDDlq3dJXpxezNEJpmKBatz03MX5GleFM4LjYSTUmlA1pH9uWShqh9rPpvWNybJUeCWNlSxoyVX9PZDTSehQFtjOiZqDnvYn4n9dOTXjpZ1wmqUHJZovCVBATk8nzpMcVMiNGllCmuL2VsAFVlBkbUdGG4M2/vEgaZxXPrXi35+XqVR5HAQ7hCE7Agwuowg3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwB5aaP3A==</latexit>

D�
s

<latexit sha1_base64="PLEJSytOlScD6pOT2hi+xY5BXJo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FPXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMl/7arH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9qyDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39RqV3ncRThCI7hFDy4hBrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AD+Xjk0=</latexit><latexit sha1_base64="PLEJSytOlScD6pOT2hi+xY5BXJo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FPXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMl/7arH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9qyDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39RqV3ncRThCI7hFDy4hBrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AD+Xjk0=</latexit><latexit sha1_base64="PLEJSytOlScD6pOT2hi+xY5BXJo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FPXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMl/7arH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9qyDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39RqV3ncRThCI7hFDy4hBrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AD+Xjk0=</latexit><latexit sha1_base64="PLEJSytOlScD6pOT2hi+xY5BXJo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FPXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMl/7arH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9qyDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39RqV3ncRThCI7hFDy4hBrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AD+Xjk0=</latexit>

D⇤0
<latexit sha1_base64="eg0F2uoRvTNnId+t1hNQuKvnqgA=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSKIh5IVQY9FPXisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWIy/vaXlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyH1xO/+cS04Ure21HCgpj0JY84JdZJjZuH7BSPu6UyruAp0CLxc1KGHLVu6avTUzSNmbRUEGPaPk5skBFtORVsXOykhiWEDkmftR2VJGYmyKbXjtGxU3ooUtqVtGiq/p7ISGzMKA5dZ0zswMx7E/E/r53a6DLIuExSyySdLYpSgaxCk9dRj2tGrRg5Qqjm7lZEB0QTal1ARReCP//yImmcVXxc8e/Oy9WrPI4CHMIRnIAPF1CFW6hBHSg8wjO8wpunvBfv3fuYtS55+cwB/IH3+QPjn46q</latexit><latexit sha1_base64="eg0F2uoRvTNnId+t1hNQuKvnqgA=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSKIh5IVQY9FPXisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWIy/vaXlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyH1xO/+cS04Ure21HCgpj0JY84JdZJjZuH7BSPu6UyruAp0CLxc1KGHLVu6avTUzSNmbRUEGPaPk5skBFtORVsXOykhiWEDkmftR2VJGYmyKbXjtGxU3ooUtqVtGiq/p7ISGzMKA5dZ0zswMx7E/E/r53a6DLIuExSyySdLYpSgaxCk9dRj2tGrRg5Qqjm7lZEB0QTal1ARReCP//yImmcVXxc8e/Oy9WrPI4CHMIRnIAPF1CFW6hBHSg8wjO8wpunvBfv3fuYtS55+cwB/IH3+QPjn46q</latexit><latexit sha1_base64="eg0F2uoRvTNnId+t1hNQuKvnqgA=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSKIh5IVQY9FPXisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWIy/vaXlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyH1xO/+cS04Ure21HCgpj0JY84JdZJjZuH7BSPu6UyruAp0CLxc1KGHLVu6avTUzSNmbRUEGPaPk5skBFtORVsXOykhiWEDkmftR2VJGYmyKbXjtGxU3ooUtqVtGiq/p7ISGzMKA5dZ0zswMx7E/E/r53a6DLIuExSyySdLYpSgaxCk9dRj2tGrRg5Qqjm7lZEB0QTal1ARReCP//yImmcVXxc8e/Oy9WrPI4CHMIRnIAPF1CFW6hBHSg8wjO8wpunvBfv3fuYtS55+cwB/IH3+QPjn46q</latexit><latexit sha1_base64="eg0F2uoRvTNnId+t1hNQuKvnqgA=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSKIh5IVQY9FPXisYD+gXUs2zbax2WRJskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8MBHcWIy/vaXlldW19cJGcXNre2e3tLffMCrVlNWpEkq3QmKY4JLVLbeCtRLNSBwK1gyH1xO/+cS04Ure21HCgpj0JY84JdZJjZuH7BSPu6UyruAp0CLxc1KGHLVu6avTUzSNmbRUEGPaPk5skBFtORVsXOykhiWEDkmftR2VJGYmyKbXjtGxU3ooUtqVtGiq/p7ISGzMKA5dZ0zswMx7E/E/r53a6DLIuExSyySdLYpSgaxCk9dRj2tGrRg5Qqjm7lZEB0QTal1ARReCP//yImmcVXxc8e/Oy9WrPI4CHMIRnIAPF1CFW6hBHSg8wjO8wpunvBfv3fuYtS55+cwB/IH3+QPjn46q</latexit>

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

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

• Partial reconstruction: Tag       and     

• Observation of structure at 
threshold in       recoil spectrum

• Enhancement can not be 
explained by non-resonant process

• Connection to                       
observed by LHCb in             ?

[BESIII, PRL126.102001(2021] [LHCb, arXiv:2103.01803]

Zcs(ccsu)
<latexit sha1_base64="cMbOTOgVAvDsVvye/PXgRb8gM+4=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APboWTStA3NJEOSEcowH+DGX3HjQhG3foA7/8ZMO6C2HgicnHvuTe4JIs60cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tYwVoQ0iuVTtAGvKmaANwwyn7UhRHAactoLxVVZv3VOlmRS3ZhJRP8RDwQaMYGOlXql810uITlGFdKX1ZWMSkuqfS5yeWJdbdadAi8TLSRly1Hulz25fkjikwhCOte54bmT8BCvDCKdpsRtrGmEyxkPasVTgkGo/mS6TomOr9NFAKnuEQVP1d0eCQ60nYWCdITYjPV/LxP9qndgMLvyEiSg2VJDZQ4OYIyNRlgzqM0WJ4RNLMFHM/hWREVaYGJtf0Ybgza+8SJqnVc+tejdn5dplHkcBDuEIKuDBOdTgGurQAAIP8AQv8Oo8Os/Om/M+sy45ec8B/IHz8Q3asJwf</latexit><latexit sha1_base64="cMbOTOgVAvDsVvye/PXgRb8gM+4=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APboWTStA3NJEOSEcowH+DGX3HjQhG3foA7/8ZMO6C2HgicnHvuTe4JIs60cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tYwVoQ0iuVTtAGvKmaANwwyn7UhRHAactoLxVVZv3VOlmRS3ZhJRP8RDwQaMYGOlXql810uITlGFdKX1ZWMSkuqfS5yeWJdbdadAi8TLSRly1Hulz25fkjikwhCOte54bmT8BCvDCKdpsRtrGmEyxkPasVTgkGo/mS6TomOr9NFAKnuEQVP1d0eCQ60nYWCdITYjPV/LxP9qndgMLvyEiSg2VJDZQ4OYIyNRlgzqM0WJ4RNLMFHM/hWREVaYGJtf0Ybgza+8SJqnVc+tejdn5dplHkcBDuEIKuDBOdTgGurQAAIP8AQv8Oo8Os/Om/M+sy45ec8B/IHz8Q3asJwf</latexit><latexit sha1_base64="cMbOTOgVAvDsVvye/PXgRb8gM+4=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APboWTStA3NJEOSEcowH+DGX3HjQhG3foA7/8ZMO6C2HgicnHvuTe4JIs60cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tYwVoQ0iuVTtAGvKmaANwwyn7UhRHAactoLxVVZv3VOlmRS3ZhJRP8RDwQaMYGOlXql810uITlGFdKX1ZWMSkuqfS5yeWJdbdadAi8TLSRly1Hulz25fkjikwhCOte54bmT8BCvDCKdpsRtrGmEyxkPasVTgkGo/mS6TomOr9NFAKnuEQVP1d0eCQ60nYWCdITYjPV/LxP9qndgMLvyEiSg2VJDZQ4OYIyNRlgzqM0WJ4RNLMFHM/hWREVaYGJtf0Ybgza+8SJqnVc+tejdn5dplHkcBDuEIKuDBOdTgGurQAAIP8AQv8Oo8Os/Om/M+sy45ec8B/IHz8Q3asJwf</latexit><latexit sha1_base64="cMbOTOgVAvDsVvye/PXgRb8gM+4=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7APboWTStA3NJEOSEcowH+DGX3HjQhG3foA7/8ZMO6C2HgicnHvuTe4JIs60cd0vZ2l5ZXVtvbBR3Nza3tkt7e03tYwVoQ0iuVTtAGvKmaANwwyn7UhRHAactoLxVVZv3VOlmRS3ZhJRP8RDwQaMYGOlXql810uITlGFdKX1ZWMSkuqfS5yeWJdbdadAi8TLSRly1Hulz25fkjikwhCOte54bmT8BCvDCKdpsRtrGmEyxkPasVTgkGo/mS6TomOr9NFAKnuEQVP1d0eCQ60nYWCdITYjPV/LxP9qndgMLvyEiSg2VJDZQ4OYIyNRlgzqM0WJ4RNLMFHM/hWREVaYGJtf0Ybgza+8SJqnVc+tejdn5dplHkcBDuEIKuDBOdTgGurQAAIP8AQv8Oo8Os/Om/M+sy45ec8B/IHz8Q3asJwf</latexit>

Zcs(4000)
�

<latexit sha1_base64="266lEsms1Wb8fyE17X15pye2zpE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUgyUrBT0WvXisYD+w3ZZsmm1Ds9klySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPz/FhwbTD+dlZW19Y3NnNb+e2d3b39wsFhQ0eJoqxOIxGplk80E1yyuuFGsFasGAl9wZr+6GbqNx+Z0jyS92YcMy8kA8kDTomxUvehl1I9KVUwxmfd816hiMt4BrRM3IwUIUOtV/jq9COahEwaKojWbRfHxkuJMpwKNsl3Es1iQkdkwNqWShIy7aWzqyfo1Cp9FETKljRopv6eSEmo9Tj0bWdIzFAvelPxP6+dmODKS7mME8MknS8KEoFMhKYRoD5XjBoxtoRQxe2tiA6JItTYoPI2BHfx5WXSuCi7uOzeVYrV6yyOHBzDCZTAhUuowi3UoA4UFDzDK7w5T86L8+58zFtXnGzmCP7A+fwBe32RLQ==</latexit><latexit sha1_base64="266lEsms1Wb8fyE17X15pye2zpE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUgyUrBT0WvXisYD+w3ZZsmm1Ds9klySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPz/FhwbTD+dlZW19Y3NnNb+e2d3b39wsFhQ0eJoqxOIxGplk80E1yyuuFGsFasGAl9wZr+6GbqNx+Z0jyS92YcMy8kA8kDTomxUvehl1I9KVUwxmfd816hiMt4BrRM3IwUIUOtV/jq9COahEwaKojWbRfHxkuJMpwKNsl3Es1iQkdkwNqWShIy7aWzqyfo1Cp9FETKljRopv6eSEmo9Tj0bWdIzFAvelPxP6+dmODKS7mME8MknS8KEoFMhKYRoD5XjBoxtoRQxe2tiA6JItTYoPI2BHfx5WXSuCi7uOzeVYrV6yyOHBzDCZTAhUuowi3UoA4UFDzDK7w5T86L8+58zFtXnGzmCP7A+fwBe32RLQ==</latexit><latexit sha1_base64="266lEsms1Wb8fyE17X15pye2zpE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUgyUrBT0WvXisYD+w3ZZsmm1Ds9klySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPz/FhwbTD+dlZW19Y3NnNb+e2d3b39wsFhQ0eJoqxOIxGplk80E1yyuuFGsFasGAl9wZr+6GbqNx+Z0jyS92YcMy8kA8kDTomxUvehl1I9KVUwxmfd816hiMt4BrRM3IwUIUOtV/jq9COahEwaKojWbRfHxkuJMpwKNsl3Es1iQkdkwNqWShIy7aWzqyfo1Cp9FETKljRopv6eSEmo9Tj0bWdIzFAvelPxP6+dmODKS7mME8MknS8KEoFMhKYRoD5XjBoxtoRQxe2tiA6JItTYoPI2BHfx5WXSuCi7uOzeVYrV6yyOHBzDCZTAhUuowi3UoA4UFDzDK7w5T86L8+58zFtXnGzmCP7A+fwBe32RLQ==</latexit><latexit sha1_base64="266lEsms1Wb8fyE17X15pye2zpE=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUgyUrBT0WvXisYD+w3ZZsmm1Ds9klySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPz/FhwbTD+dlZW19Y3NnNb+e2d3b39wsFhQ0eJoqxOIxGplk80E1yyuuFGsFasGAl9wZr+6GbqNx+Z0jyS92YcMy8kA8kDTomxUvehl1I9KVUwxmfd816hiMt4BrRM3IwUIUOtV/jq9COahEwaKojWbRfHxkuJMpwKNsl3Es1iQkdkwNqWShIy7aWzqyfo1Cp9FETKljRopv6eSEmo9Tj0bWdIzFAvelPxP6+dmODKS7mME8MknS8KEoFMhKYRoD5XjBoxtoRQxe2tiA6JItTYoPI2BHfx5WXSuCi7uOzeVYrV6yyOHBzDCZTAhUuowi3UoA4UFDzDK7w5T86L8+58zFtXnGzmCP7A+fwBe32RLQ==</latexit>

K+
<latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit><latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit><latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit><latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit>

D�
s

<latexit sha1_base64="PLEJSytOlScD6pOT2hi+xY5BXJo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FPXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMl/7arH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9qyDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39RqV3ncRThCI7hFDy4hBrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AD+Xjk0=</latexit><latexit sha1_base64="PLEJSytOlScD6pOT2hi+xY5BXJo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FPXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMl/7arH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9qyDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39RqV3ncRThCI7hFDy4hBrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AD+Xjk0=</latexit><latexit sha1_base64="PLEJSytOlScD6pOT2hi+xY5BXJo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FPXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMl/7arH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9qyDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39RqV3ncRThCI7hFDy4hBrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AD+Xjk0=</latexit><latexit sha1_base64="PLEJSytOlScD6pOT2hi+xY5BXJo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FPXisYNpCG8tmO22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDR2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIajm6nffEKleSwfzDjBIKIDyfucUWMl/7arH8+65YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks2Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9qyDjMkkNSjZf1E8FMTGZfk56XCEzYmwJZYrbWwkbUkWZsfmUbAje4svLpHFe9dyqd39RqV3ncRThCI7hFDy4hBrcQR18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AD+Xjk0=</latexit>

K+
<latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit><latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit><latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit><latexit sha1_base64="54R95sboIChA2muNd42KZaqRAco=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi+Clov2ANpbNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3tN3ScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zSdUmsfywYwS9CPalzzkjBor3d8+nnZLZbfiTkEWiZeTMuSodUtfnV7M0gilYYJq3fbcxPgZVYYzgeNiJ9WYUDakfWxbKmmE2s+mp47JsVV6JIyVLWnIVP09kdFI61EU2M6ImoGe9ybif147NeGln3GZpAYlmy0KU0FMTCZ/kx5XyIwYWUKZ4vZWwgZUUWZsOkUbgjf/8iJpnFU8t+LdnZerV3kcBTiEIzgBDy6gCjdQgzow6MMzvMKbI5wX5935mLUuOfnMAfyB8/kDvHaNbA==</latexit>

 Malte Albrecht (IU)                                                                Experimental Hadron Spectroscopy - ISMD2021

J/ K+
<latexit sha1_base64="/hYDM403nGYnlmi0IaKqnn7YRro=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAEIe6KoMegF9FLBPPAZA2zk0kyZHZ2mekVwpK/8OJBEa/+jTf/xkmyB00saCiquunuCmIpDLrut7OwuLS8sppby69vbG5tF3Z2ayZKNONVFslINwJquBSKV1Gg5I1YcxoGkteDwdXYrz9xbUSk7nEYcz+kPSW6glG00sPNSSs2gtw+HrcLRbfkTkDmiZeRImSotAtfrU7EkpArZJIa0/TcGP2UahRM8lG+lRgeUzagPd60VNGQGz+dXDwih1bpkG6kbSkkE/X3REpDY4ZhYDtDin0z643F/7xmgt0LPxUqTpArNl3UTSTBiIzfJx2hOUM5tIQyLeythPWppgxtSHkbgjf78jypnZY8t+TdnRXLl1kcOdiHAzgCD86hDNdQgSowUPAMr/DmGOfFeXc+pq0LTjazB3/gfP4AN0CP8w==</latexit><latexit sha1_base64="/hYDM403nGYnlmi0IaKqnn7YRro=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAEIe6KoMegF9FLBPPAZA2zk0kyZHZ2mekVwpK/8OJBEa/+jTf/xkmyB00saCiquunuCmIpDLrut7OwuLS8sppby69vbG5tF3Z2ayZKNONVFslINwJquBSKV1Gg5I1YcxoGkteDwdXYrz9xbUSk7nEYcz+kPSW6glG00sPNSSs2gtw+HrcLRbfkTkDmiZeRImSotAtfrU7EkpArZJIa0/TcGP2UahRM8lG+lRgeUzagPd60VNGQGz+dXDwih1bpkG6kbSkkE/X3REpDY4ZhYDtDin0z643F/7xmgt0LPxUqTpArNl3UTSTBiIzfJx2hOUM5tIQyLeythPWppgxtSHkbgjf78jypnZY8t+TdnRXLl1kcOdiHAzgCD86hDNdQgSowUPAMr/DmGOfFeXc+pq0LTjazB3/gfP4AN0CP8w==</latexit><latexit sha1_base64="/hYDM403nGYnlmi0IaKqnn7YRro=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAEIe6KoMegF9FLBPPAZA2zk0kyZHZ2mekVwpK/8OJBEa/+jTf/xkmyB00saCiquunuCmIpDLrut7OwuLS8sppby69vbG5tF3Z2ayZKNONVFslINwJquBSKV1Gg5I1YcxoGkteDwdXYrz9xbUSk7nEYcz+kPSW6glG00sPNSSs2gtw+HrcLRbfkTkDmiZeRImSotAtfrU7EkpArZJIa0/TcGP2UahRM8lG+lRgeUzagPd60VNGQGz+dXDwih1bpkG6kbSkkE/X3REpDY4ZhYDtDin0z643F/7xmgt0LPxUqTpArNl3UTSTBiIzfJx2hOUM5tIQyLeythPWppgxtSHkbgjf78jypnZY8t+TdnRXLl1kcOdiHAzgCD86hDNdQgSowUPAMr/DmGOfFeXc+pq0LTjazB3/gfP4AN0CP8w==</latexit><latexit sha1_base64="/hYDM403nGYnlmi0IaKqnn7YRro=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBAEIe6KoMegF9FLBPPAZA2zk0kyZHZ2mekVwpK/8OJBEa/+jTf/xkmyB00saCiquunuCmIpDLrut7OwuLS8sppby69vbG5tF3Z2ayZKNONVFslINwJquBSKV1Gg5I1YcxoGkteDwdXYrz9xbUSk7nEYcz+kPSW6glG00sPNSSs2gtw+HrcLRbfkTkDmiZeRImSotAtfrU7EkpArZJIa0/TcGP2UahRM8lG+lRgeUzagPd60VNGQGz+dXDwih1bpkG6kbSkkE/X3REpDY4ZhYDtDin0z643F/7xmgt0LPxUqTpArNl3UTSTBiIzfJx2hOUM5tIQyLeythPWppgxtSHkbgjf78jypnZY8t+TdnRXLl1kcOdiHAzgCD86hDNdQgSowUPAMr/DmGOfFeXc+pq0LTjazB3/gfP4AN0CP8w==</latexit>
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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

• Hunting ground for mesons with explicit gluonic  
degrees of freedom (“hybrids”) 

• “Smoking gun”:        quantum numbers not allowed for 


[Data from PDG2018] 

➡ 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? 

 Malte Albrecht                                                                                                              DPG Frühjahrstagung 2018 - Bochum12

“2nd Kind” Exotics: Systematic Investigation

⇡1(1600)

⇢⇡, ⌘0⇡, f1(1285)⇡, b1(1235)⇡

JPC = 1�+

⇡1(1600)

⇡N

pp

JPC = 1�+

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

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>
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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:                   , 
• Recent calculations: Large coupling of        state to axial vector — pseudoscalar channels 
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• Hints for spin-exotic states 
already in 1980s

• Observed at various 
experiments

• From PWA: 

•                     .

•                          .

• Clear contribution of 
exotic wave 

• Two genuine resonances?

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

• The                is seen in: 

✓         interaction 
(E852, VES and COMPASS) 

✓ Possibly seen in        annihilation  
 (CrystalBarrel/LEAR  data) 

• It decays to: 

•                     clearly exotic, 
but controversy persists: 

➡ Is the                 a genuine  
 resonance? 
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“2nd Kind” Exotics: Systematic Investigation

⇡1(1600)

⇢⇡, ⌘0⇡, f1(1285)⇡, b1(1235)⇡

JPC = 1�+

⇡1(1600)

⇡N

pp

➡ High statistics measurement 
 by COMPASS!

Line shape                Phase motion

! 16!

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

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

 
 

Figure 8: The intensity taken by the π1(1400) and the a2(1320) in the pp !  ! "! 0"pspectator Dalitz plot 
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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�+

⇡1(1600) in ⌘0⇡, ⇢⇡
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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 
1-pole, 2-channel K-Matrix

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

➡               and               are the same?

1�+
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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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• Strongest evidence for       contribution in         
and       channels in        and       reactions

• Important to study in different production 
processes

• GlueX Experiment at Jefferson Lab:

• Photoproduction experiment using  
9 GeV linearly polarized photon beam

• Analyses of          channels underway

• Multiple charge combinations and 
decay modes accessible

➡ Extend search for exotics beyond     
candidates

➡ Map out spectrum of light hybrids

 Malte Albrecht (IU)                                                                Experimental Hadron Spectroscopy - ISMD2021

⌘⇡, ⌘0⇡
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Fig. 37. Invariant mass spectra (not acceptance corrected) of diffractively produced (a) ⌘⇡
� and (b) ⌘

0
⇡

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

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

�
⇡

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

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

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

dN
dt 0

/ t 0 e�b t 0
, (248)

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

0
⇡

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

6.1.2. The ⇡
�
⇡

�
⇡

+ data samples
The ⇡

�
⇡

�
⇡

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

⇡
� data samples. After event selection (see

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

6.2. Analysis models

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

�
⇡

�
⇡

+

proton-target sample, are significantly larger than those obtained by previous experiments, we extend and refine the
analysis models used in previous analyses.
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Fig. 39. Distribution of the squared four-momentum transfer t 0 (not acceptance corrected) of diffractively produced ⇡
�
⇡

�
⇡

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

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

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

0
⇡

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

6.2.1. ⌘
(0)

⇡
� partial-wave decomposition

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

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

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

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

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

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

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

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

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

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

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

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

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

the ⌘
(0)

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

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

0
⇡

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

3.1. �p ! ⌘⇡��++

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

0 (980) and a�
2 (1320),

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

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

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

⇡1
<latexit sha1_base64="41qpZeab6F5HP2mdzxATRxWyecw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30/FwBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wd2p45x</latexit><latexit sha1_base64="41qpZeab6F5HP2mdzxATRxWyecw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30/FwBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wd2p45x</latexit><latexit sha1_base64="41qpZeab6F5HP2mdzxATRxWyecw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30/FwBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wd2p45x</latexit><latexit sha1_base64="41qpZeab6F5HP2mdzxATRxWyecw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30/FwBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wd2p45x</latexit>

⇢⇡
<latexit sha1_base64="ErDkjCkwGgaVwatP0hSyqJSxFgo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoR6LXjxWsB/QXUo2zbah2SQkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGJlpQttEcql7MTaUM0HblllOe0pTnMacduPJ3dzvPlFtmBSPdqpolOKRYAkj2DqpG+qxDBUbVGt+3V8ArZOgIDUo0BpUv8KhJFlKhSUcG9MPfGWjHGvLCKezSpgZqjCZ4BHtOypwSk2UL86doQunDFEitSth0UL9PZHj1JhpGrvOFNuxWfXm4n9eP7PJTZQzoTJLBVkuSjKOrETz39GQaUosnzqCiWbuVkTGWGNiXUIVF0Kw+vI66VzVA78ePFzXmrdFHGU4g3O4hAAa0IR7aEEbCEzgGV7hzVPei/fufSxbS14xcwp/4H3+AGj5j5o=</latexit><latexit sha1_base64="ErDkjCkwGgaVwatP0hSyqJSxFgo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoR6LXjxWsB/QXUo2zbah2SQkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGJlpQttEcql7MTaUM0HblllOe0pTnMacduPJ3dzvPlFtmBSPdqpolOKRYAkj2DqpG+qxDBUbVGt+3V8ArZOgIDUo0BpUv8KhJFlKhSUcG9MPfGWjHGvLCKezSpgZqjCZ4BHtOypwSk2UL86doQunDFEitSth0UL9PZHj1JhpGrvOFNuxWfXm4n9eP7PJTZQzoTJLBVkuSjKOrETz39GQaUosnzqCiWbuVkTGWGNiXUIVF0Kw+vI66VzVA78ePFzXmrdFHGU4g3O4hAAa0IR7aEEbCEzgGV7hzVPei/fufSxbS14xcwp/4H3+AGj5j5o=</latexit><latexit sha1_base64="ErDkjCkwGgaVwatP0hSyqJSxFgo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoR6LXjxWsB/QXUo2zbah2SQkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGJlpQttEcql7MTaUM0HblllOe0pTnMacduPJ3dzvPlFtmBSPdqpolOKRYAkj2DqpG+qxDBUbVGt+3V8ArZOgIDUo0BpUv8KhJFlKhSUcG9MPfGWjHGvLCKezSpgZqjCZ4BHtOypwSk2UL86doQunDFEitSth0UL9PZHj1JhpGrvOFNuxWfXm4n9eP7PJTZQzoTJLBVkuSjKOrETz39GQaUosnzqCiWbuVkTGWGNiXUIVF0Kw+vI66VzVA78ePFzXmrdFHGU4g3O4hAAa0IR7aEEbCEzgGV7hzVPei/fufSxbS14xcwp/4H3+AGj5j5o=</latexit><latexit sha1_base64="ErDkjCkwGgaVwatP0hSyqJSxFgo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoR6LXjxWsB/QXUo2zbah2SQkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZerDgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGJlpQttEcql7MTaUM0HblllOe0pTnMacduPJ3dzvPlFtmBSPdqpolOKRYAkj2DqpG+qxDBUbVGt+3V8ArZOgIDUo0BpUv8KhJFlKhSUcG9MPfGWjHGvLCKezSpgZqjCZ4BHtOypwSk2UL86doQunDFEitSth0UL9PZHj1JhpGrvOFNuxWfXm4n9eP7PJTZQzoTJLBVkuSjKOrETz39GQaUosnzqCiWbuVkTGWGNiXUIVF0Kw+vI66VzVA78ePFzXmrdFHGU4g3O4hAAa0IR7aEEbCEzgGV7hzVPei/fufSxbS14xcwp/4H3+AGj5j5o=</latexit>

⇡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>

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

⌘(
0)⇡

<latexit sha1_base64="zgle2xcHR3YhOmGNkdHJuBO7KxM=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDjJeyKoMegF48RzAOya5id9CZDZh/O9AbCku/w4kERr36MN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg6bOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vp35rBEqLOHrAcQJeyPqRCARnaCTPBWSPWeXsfOImolsq21V7BrpMnJyUSY56t/Tl9mKehhAhl0zrjmMn6GVMoeASJkU31ZAwPmR96BgasRC0l82OntBTo/RoECtTEdKZ+nsiY6HW49A3nSHDgV70puJ/XifF4NrLRJSkCBGfLwpSSTGm0wRoTyjgKMeGMK6EuZXyAVOMo8mpaEJwFl9eJs2LqmNXnfvLcu0mj6NAjskJqRCHXJEauSN10iCcPJFn8krerJH1Yr1bH/PWFSufOSJ/YH3+AP/EkZU=</latexit><latexit sha1_base64="zgle2xcHR3YhOmGNkdHJuBO7KxM=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDjJeyKoMegF48RzAOya5id9CZDZh/O9AbCku/w4kERr36MN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg6bOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vp35rBEqLOHrAcQJeyPqRCARnaCTPBWSPWeXsfOImolsq21V7BrpMnJyUSY56t/Tl9mKehhAhl0zrjmMn6GVMoeASJkU31ZAwPmR96BgasRC0l82OntBTo/RoECtTEdKZ+nsiY6HW49A3nSHDgV70puJ/XifF4NrLRJSkCBGfLwpSSTGm0wRoTyjgKMeGMK6EuZXyAVOMo8mpaEJwFl9eJs2LqmNXnfvLcu0mj6NAjskJqRCHXJEauSN10iCcPJFn8krerJH1Yr1bH/PWFSufOSJ/YH3+AP/EkZU=</latexit><latexit sha1_base64="zgle2xcHR3YhOmGNkdHJuBO7KxM=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDjJeyKoMegF48RzAOya5id9CZDZh/O9AbCku/w4kERr36MN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg6bOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vp35rBEqLOHrAcQJeyPqRCARnaCTPBWSPWeXsfOImolsq21V7BrpMnJyUSY56t/Tl9mKehhAhl0zrjmMn6GVMoeASJkU31ZAwPmR96BgasRC0l82OntBTo/RoECtTEdKZ+nsiY6HW49A3nSHDgV70puJ/XifF4NrLRJSkCBGfLwpSSTGm0wRoTyjgKMeGMK6EuZXyAVOMo8mpaEJwFl9eJs2LqmNXnfvLcu0mj6NAjskJqRCHXJEauSN10iCcPJFn8krerJH1Yr1bH/PWFSufOSJ/YH3+AP/EkZU=</latexit><latexit sha1_base64="zgle2xcHR3YhOmGNkdHJuBO7KxM=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDjJeyKoMegF48RzAOya5id9CZDZh/O9AbCku/w4kERr36MN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg6bOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vp35rBEqLOHrAcQJeyPqRCARnaCTPBWSPWeXsfOImolsq21V7BrpMnJyUSY56t/Tl9mKehhAhl0zrjmMn6GVMoeASJkU31ZAwPmR96BgasRC0l82OntBTo/RoECtTEdKZ+nsiY6HW49A3nSHDgV70puJ/XifF4NrLRJSkCBGfLwpSSTGm0wRoTyjgKMeGMK6EuZXyAVOMo8mpaEJwFl9eJs2LqmNXnfvLcu0mj6NAjskJqRCHXJEauSN10iCcPJFn8krerJH1Yr1bH/PWFSufOSJ/YH3+AP/EkZU=</latexit>
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⇡1
<latexit sha1_base64="41qpZeab6F5HP2mdzxATRxWyecw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30/FwBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wd2p45x</latexit><latexit sha1_base64="41qpZeab6F5HP2mdzxATRxWyecw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30/FwBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wd2p45x</latexit><latexit sha1_base64="41qpZeab6F5HP2mdzxATRxWyecw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30/FwBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wd2p45x</latexit><latexit sha1_base64="41qpZeab6F5HP2mdzxATRxWyecw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS30/FwBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7aV3XPrXsP17XmbRFHGc7gHC7BgwY04R5a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wd2p45x</latexit>

⌘(
0)⇡

<latexit sha1_base64="zgle2xcHR3YhOmGNkdHJuBO7KxM=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDjJeyKoMegF48RzAOya5id9CZDZh/O9AbCku/w4kERr36MN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg6bOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vp35rBEqLOHrAcQJeyPqRCARnaCTPBWSPWeXsfOImolsq21V7BrpMnJyUSY56t/Tl9mKehhAhl0zrjmMn6GVMoeASJkU31ZAwPmR96BgasRC0l82OntBTo/RoECtTEdKZ+nsiY6HW49A3nSHDgV70puJ/XifF4NrLRJSkCBGfLwpSSTGm0wRoTyjgKMeGMK6EuZXyAVOMo8mpaEJwFl9eJs2LqmNXnfvLcu0mj6NAjskJqRCHXJEauSN10iCcPJFn8krerJH1Yr1bH/PWFSufOSJ/YH3+AP/EkZU=</latexit><latexit sha1_base64="zgle2xcHR3YhOmGNkdHJuBO7KxM=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDjJeyKoMegF48RzAOya5id9CZDZh/O9AbCku/w4kERr36MN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg6bOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vp35rBEqLOHrAcQJeyPqRCARnaCTPBWSPWeXsfOImolsq21V7BrpMnJyUSY56t/Tl9mKehhAhl0zrjmMn6GVMoeASJkU31ZAwPmR96BgasRC0l82OntBTo/RoECtTEdKZ+nsiY6HW49A3nSHDgV70puJ/XifF4NrLRJSkCBGfLwpSSTGm0wRoTyjgKMeGMK6EuZXyAVOMo8mpaEJwFl9eJs2LqmNXnfvLcu0mj6NAjskJqRCHXJEauSN10iCcPJFn8krerJH1Yr1bH/PWFSufOSJ/YH3+AP/EkZU=</latexit><latexit sha1_base64="zgle2xcHR3YhOmGNkdHJuBO7KxM=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDjJeyKoMegF48RzAOya5id9CZDZh/O9AbCku/w4kERr36MN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg6bOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vp35rBEqLOHrAcQJeyPqRCARnaCTPBWSPWeXsfOImolsq21V7BrpMnJyUSY56t/Tl9mKehhAhl0zrjmMn6GVMoeASJkU31ZAwPmR96BgasRC0l82OntBTo/RoECtTEdKZ+nsiY6HW49A3nSHDgV70puJ/XifF4NrLRJSkCBGfLwpSSTGm0wRoTyjgKMeGMK6EuZXyAVOMo8mpaEJwFl9eJs2LqmNXnfvLcu0mj6NAjskJqRCHXJEauSN10iCcPJFn8krerJH1Yr1bH/PWFSufOSJ/YH3+AP/EkZU=</latexit><latexit sha1_base64="zgle2xcHR3YhOmGNkdHJuBO7KxM=">AAAB9HicbVDLSgNBEJz1GeMr6tHLYBDjJeyKoMegF48RzAOya5id9CZDZh/O9AbCku/w4kERr36MN//GSbIHTSxoKKq66e7yEyk02va3tbK6tr6xWdgqbu/s7u2XDg6bOk4VhwaPZazaPtMgRQQNFCihnShgoS+h5Q9vp35rBEqLOHrAcQJeyPqRCARnaCTPBWSPWeXsfOImolsq21V7BrpMnJyUSY56t/Tl9mKehhAhl0zrjmMn6GVMoeASJkU31ZAwPmR96BgasRC0l82OntBTo/RoECtTEdKZ+nsiY6HW49A3nSHDgV70puJ/XifF4NrLRJSkCBGfLwpSSTGm0wRoTyjgKMeGMK6EuZXyAVOMo8mpaEJwFl9eJs2LqmNXnfvLcu0mj6NAjskJqRCHXJEauSN10iCcPJFn8krerJH1Yr1bH/PWFSufOSJ/YH3+AP/EkZU=</latexit>



• Hadron spectroscopy is entering precision era 
➡ Systematic investigations have proven necessary
➡ Hadron spectroscopy is a worldwide endeavor 

•  The Future of (Meson) Spectroscopy - What do we expect?
➡  Higher statistics and better resolution
➡  New accelerators and experiments 
 
 

•  What do we need?
• Complete and unambiguous knowledge of all multiplets
➡  Close collaborations between experiments and theory
➡  Sophisticated analysis methods
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Summary & Conclusion
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