
Theory Overview of Heavy Exotic Spectroscopy  
Ciaran Hughes (chughes@fnal.gov)

Beauty, 2020

BaryonsMesons Pentaquarks

Compact 
Tetraquarks Molecular

Hybrids

Hadro-
Quarkonium

mailto:chughes@fnal.gov


Pre 2003 Heavy Spectroscopy 
           : “Conventional States” = Mesons (valence     ) and Baryons (valence           

                                                               ) in line with quark potential model expectations
Defn

<latexit sha1_base64="DBZVCuUoVLHXY36fFY392G2CK+8=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSlIE7a6gC5cV7APaWCaTm3boZBJmJkII9VfcuKiIW7/AlUt3foZ/4KTtQlsPXDicc+/MvceLGZXKtr+MldW19Y3NwlZxe2d3b988OGzJKBEEmiRikeh4WAKjHJqKKgadWAAOPQZtb3SZ++17EJJG/FalMbghHnAaUIKVlvpm6QqCu6yXcB9E/kbGx+O+WbYr9hTWMnHmpFwvfb9XP9qTRt/87PkRSULgijAsZdexY+VmWChKGIyLvURCjMkID6CrKcchSDebLj+2TrTiW0EkdHFlTdXfExkOpUxDT3eGWA3lopeL/3ndRAUXbkZ5nCjgZPZRkDBLRVaehOVTAUSxVBNMBNW7WmSIBSZK51XUITiLJy+TVrXinFVqNzqNGpqhgI7QMTpFDjpHdXSNGqiJCErRI5qgZ+PBeDJejNdZ64oxnymhPzDefgDudJlY</latexit>
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<latexit sha1_base64="56dKEwNT90P0CfI8gDWEI1tozLY=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcDDu5glt0Z0CrxFuQQiX//V76aLxWO7nPdleSJKLCEI61bnlubPwUK8MIp5NsO9E0xmSAe7RlqcAR1X46O3qCzqzSRaFU9gmDZurvRIojrcdRYCcjbPp62ZuK/3mtxIRXfspEnBgqyHxRmHBkJJo2gLpMUWL42BJMFLO3ItLHChNje8raErzlL6+SeqnoXRTLt7aNMsyRgRM4hXPw4BIqcANVqAGBIdzDIzw5I+fBeXZe5qNrziKThz9w3n4A7vqWmA==</latexit>
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<latexit sha1_base64="2aL/UHp+sbzVbE/1se62vWmCrjU=">AAAB6nicbVC7SgNBFL3jM8ZXNKXNYBCswm4QNF3AxjKieUCyhNnJbDJkdnYzMyuEJZ9gY6GIrYUfYmVp52f4B04ehSYeuHA4517uvcePBdfGcb7Qyura+sZmZiu7vbO7t587OKzrKFGU1WgkItX0iWaCS1Yz3AjWjBUjoS9Ywx9cTvzGHVOaR/LWjGLmhaQnecApMVa6GQ6HnVzBKTpT4GXizkmhkv9+L3003qqd3Ge7G9EkZNJQQbRuuU5svJQow6lg42w70SwmdEB6rGWpJCHTXjo9dYxPrNLFQaRsSYOn6u+JlIRaj0LfdobE9PWiNxH/81qJCS68lMs4MUzS2aIgEdhEePI37nLFqBEjSwhV3N6KaZ8oQo1NJ2tDcBdfXib1UtE9K5avbRplmCEDR3AMp+DCOVTgCqpQAwo9uIdHeEICPaBn9DJrXUHzmTz8AXr9AeINke0=</latexit>



Post 2003 Heavy Spectroscopy 
           : “Exotic States” = “States we do not understand yet (but not new physics)”Defn
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Post 2003 Heavy Spectroscopy 
           : “Exotic States” = States which are not in line with quark potential model  

                                               expectations, e.g., not mesons or baryons. 
Defn
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Post 2003 Heavy Spectroscopy 
           : “Exotic States” = States which are not in line with quark potential model  

                                               expectations
Defn
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Post 2003 Heavy Spectroscopy 
           : “Exotic States” = States which are not in line with quark potential model  

                                               expectations
Defn
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Post 2003 Heavy Spectroscopy 
           : “Exotic States” = States which are not in line with quark potential model  

                                               expectations
Defn
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• Red   =  Exotic Candidates 
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Post 2003 Heavy Spectroscopy 
           : “Exotic States” = States which are not in line with quark potential model  

                                               expectations
Defn
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• Black = Conventional
• Red   =  Exotic Candidates 

Neutral Charmonium-like Sector

Total of 15 Experimentally 
Established Exotics PDG

Commonly called XYZ 
states (PDG has official 
naming convention)

44 Observed Exotic 
Candidates 



Exotic States: What Can They Be? 
 Gell-Mann (1964) : “Color Confinement allows                                ”qgq, qqqq, qqqqq, . . .
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Exotic States: What Can They Be? 
 Gell-Mann (1964) : “Color Confinement allows                                ”qgq, qqqq, qqqqq, . . .
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Exotic States: What Can They Be? 
 Gell-Mann (1964) : “Color Confinement allows                                ”qgq, qqqq, qqqqq, . . .
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q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

g

<latexit sha1_base64="6TqKbEUh4vf2dOvLgESh2dfBvs4=">AAAB6HicbVC7SgNBFL0bXzG+oiltBoNgFXaDoOkCNpYJmAckS5id3E3GzD6YmRXCki+wsVDE1soPsbK08zP8AyePQhMPXDiccy/33uPFgitt219WZm19Y3Mru53b2d3bP8gfHjVVlEiGDRaJSLY9qlDwEBuaa4HtWCINPIEtb3Q19Vt3KBWPwhs9jtEN6CDkPmdUG6k+6OWLdsmegawSZ0GK1cL3e/mj9Vbr5T+7/YglAYaaCapUx7Fj7aZUas4ETnLdRGFM2YgOsGNoSANUbjo7dEJOjdInfiRNhZrM1N8TKQ2UGgee6QyoHqplbyr+53US7V+6KQ/jRGPI5ov8RBAdkenXpM8lMi3GhlAmubmVsCGVlGmTTc6E4Cy/vEqa5ZJzXqrUTRoVmCMLx3ACZ+DABVThGmrQAAYI9/AIT9at9WA9Wy/z1oy1mCnAH1ivPzExkO0=</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

a2

<latexit sha1_base64="TTsYVzRM3rRzZJFWT3sX7PRYySs=">AAAB63icbVA9SwNBEJ2LXzFqjB+dCItBsAp3QdB0ARvLCOYDkiPsbTbJkt29Y3dPCEf+go2FIrb+GFs7e/0dupek0MQHA4/3ZpiZF0ScaeO6H05mZXVtfSO7mdva3snvFvb2GzqMFaF1EvJQtQKsKWeS1g0znLYiRbEIOG0Go6vUb95RpVkob804or7AA8n6jGCTSrhbznULRbfkToGWiTcnxWr+++vt+PCz1i28d3ohiQWVhnCsddtzI+MnWBlGOJ3kOrGmESYjPKBtSyUWVPvJ9NYJOrVKD/VDZUsaNFV/TyRYaD0Wge0U2Az1opeK/3nt2PQv/YTJKDZUktmifsyRCVH6OOoxRYnhY0swUczeisgQK0yMjScNwVt8eZk0yiXvvFS5sWlUYIYsHMEJnIEHF1CFa6hBHQgM4R4e4ckRzoPz7LzMWjPOfOYA/sB5/QGV/pGt</latexit>

      : Hybridsqgq

<latexit sha1_base64="CYGF0YZjJoUEH6ZkcM+nlDBpZfE=">AAAB+XicbVC7SgNBFL3rM8bXakqbwSBYhd0gaLqAjWUE84BkCbOT2WTI7OxmZjYQlvyJjYUSbP0FK0s7P8M/cDZJoYkHBg7n3MO9c/yYM6Ud58va2Nza3tnN7eX3Dw6Pju2T04aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eFt5jfHVCoWiQc9iakX4r5gASNYG6lr253I2Fk6HU1RH426dtEpOXOgdeIuSbFa+H4vfzRnta792elFJAmp0IRjpdquE2svxVIzwuk030kUjTEZ4j5tGypwSJWXzi+foguj9FAQSfOERnP1dyLFoVKT0DeTIdYDtepl4n9eO9HBjZcyESeaCrJYFCQc6QhlNaAek5RoPjEEE8nMrYgMsMREm7LypgR39cvrpFEuuVelyr1powIL5OAMzuESXLiGKtxBDepAYAyP8AwvVmo9WTPrdTG6YS0zBfgD6+0H48uXjg==</latexit>



Exotic States: What Can They Be? 
 Gell-Mann (1964) : “Color Confinement allows                                ”qgq, qqqq, qqqqq, . . .

<latexit sha1_base64="DvZi6AaZHoaIOkl8lE/KyqLYjyo=">AAACMXicbVDLSsNAFJ34rPVV7dLNYBFcSEmKoN0V3HRZwT6gDWUymbRDJ5lkZiKU0P9x5cZfcOVS3HShiFtX/oGTtIvaemDgcM493LnHCRmVyjSnxtr6xubWdm4nv7u3f3BYODpuSR4LTJqYMy46DpKE0YA0FVWMdEJBkO8w0nZGN6nfvidCUh7cqXFIbB8NAupRjJSW+oV6j2s7TSfRBA5gdAEXlUUeLXkwglGmMZcr2S+UzLKZAa4Sa05KteLPc+Wl/dDoF157LsexTwKFGZKya5mhshMkFMWMTPK9WJIQ4REakK6mAfKJtJPs4gk804oLPS70CxTM1MVEgnwpx76jJ32khnLZS8X/vG6svGs7oUEYKxLg2SIvZlBxmNYHXSoIVmysCcKC6r9CPEQCYaVLzusSrOWTV0mrUrYuy9Vb3UYVzJADJ+AUnAMLXIEaqIMGaAIMHsEbeAcfxpMxNT6Nr9nomjHPFMEfGN+/zXmvhQ==</latexit>

| i =

<latexit sha1_base64="EO3Wpho9fA7qZ1i6s35jIbEjs1M=">AAAB+HicbVBNS8NAEJ3Ur1o/GvUkXhaL4KkkImgPQsGLxwr2A5pQNttNu3SzCbsbocaC/8OLB0W8+lO8+W/ctD1o64OBx3szzMwLEs6Udpxvq7Cyura+UdwsbW3v7Jbtvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQP8IDwUJGsDZSzy4/eg3FPInFgFN0hXp2xak6U6Bl4s5JpX74BDkaPfvL68ckjajQhGOluq6TaD/DUjPC6aTkpYommIzwgHYNFTiiys+mh0/QiVH6KIylKaHRVP09keFIqXEUmM4I66Fa9HLxP6+b6vDSz5hIUk0FmS0KU450jPIUUJ9JSjQfG4KJZOZWRIZYYqJNViUTgrv48jJpnVXd82rt1qRRgxmKcATHcAouXEAdbqABTSCQwjO8wpv1YL1Y79bHrLVgzWcO4A+szx8Tu5Nv</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

a3

<latexit sha1_base64="NRCwQud30pWzS6rrJCXG7ZgYoqU=">AAAB6nicbVDJSgNBEK2JW4xbXG4iNAbBU5hRQXMLePEY0SyQDKGn05M06ekeunuEMOQTvHhQxKs/49Wbd/0O7SwHTXxQ8Hiviqp6QcyZNq774WQWFpeWV7KrubX1jc2t/PZOTctEEVolkkvVCLCmnAlaNcxw2ogVxVHAaT3oX478+h1VmklxawYx9SPcFSxkBBsr3eD2aTtfcIvuGGieeFNSKG9+f70d7H1W2vn3VkeSJKLCEI61bnpubPwUK8MIp8NcK9E0xqSPu7RpqcAR1X46PnWIjqzSQaFUtoRBY/X3RIojrQdRYDsjbHp61huJ/3nNxIQXfspEnBgqyGRRmHBkJBr9jTpMUWL4wBJMFLO3ItLDChNj08nZELzZl+dJ7aTonRVL1zaNEkyQhX04hGPw4BzKcAUVqAKBLtzDIzw53Hlwnp2XSWvGmc7swh84rz9igJGa</latexit>

Molecular



Exotic States: What Can They Be? 
 Gell-Mann (1964) : “Color Confinement allows                                ”qgq, qqqq, qqqqq, . . .

<latexit sha1_base64="DvZi6AaZHoaIOkl8lE/KyqLYjyo=">AAACMXicbVDLSsNAFJ34rPVV7dLNYBFcSEmKoN0V3HRZwT6gDWUymbRDJ5lkZiKU0P9x5cZfcOVS3HShiFtX/oGTtIvaemDgcM493LnHCRmVyjSnxtr6xubWdm4nv7u3f3BYODpuSR4LTJqYMy46DpKE0YA0FVWMdEJBkO8w0nZGN6nfvidCUh7cqXFIbB8NAupRjJSW+oV6j2s7TSfRBA5gdAEXlUUeLXkwglGmMZcr2S+UzLKZAa4Sa05KteLPc+Wl/dDoF157LsexTwKFGZKya5mhshMkFMWMTPK9WJIQ4REakK6mAfKJtJPs4gk804oLPS70CxTM1MVEgnwpx76jJ32khnLZS8X/vG6svGs7oUEYKxLg2SIvZlBxmNYHXSoIVmysCcKC6r9CPEQCYaVLzusSrOWTV0mrUrYuy9Vb3UYVzJADJ+AUnAMLXIEaqIMGaAIMHsEbeAcfxpMxNT6Nr9nomjHPFMEfGN+/zXmvhQ==</latexit>

| i =

<latexit sha1_base64="EO3Wpho9fA7qZ1i6s35jIbEjs1M=">AAAB+HicbVBNS8NAEJ3Ur1o/GvUkXhaL4KkkImgPQsGLxwr2A5pQNttNu3SzCbsbocaC/8OLB0W8+lO8+W/ctD1o64OBx3szzMwLEs6Udpxvq7Cyura+UdwsbW3v7Jbtvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQP8IDwUJGsDZSzy4/eg3FPInFgFN0hXp2xak6U6Bl4s5JpX74BDkaPfvL68ckjajQhGOluq6TaD/DUjPC6aTkpYommIzwgHYNFTiiys+mh0/QiVH6KIylKaHRVP09keFIqXEUmM4I66Fa9HLxP6+b6vDSz5hIUk0FmS0KU450jPIUUJ9JSjQfG4KJZOZWRIZYYqJNViUTgrv48jJpnVXd82rt1qRRgxmKcATHcAouXEAdbqABTSCQwjO8wpv1YL1Y79bHrLVgzWcO4A+szx8Tu5Nv</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

a4

<latexit sha1_base64="ye4fYUSjhIZz/LVJveA9MVAFoDI=">AAAB6nicbVDJSgNBEK2JW4xbXG4iNAbBU5iRgOYW8OIxolkgGUJPpydp0t0zdPcIYcgnePGgiFd/xqs37/od2lkOmvig4PFeFVX1gpgzbVz3w8ksLa+srmXXcxubW9s7+d29uo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HLsN+6o0iySt2YYU1/gnmQhI9hY6QZ3Sp18wS26E6BF4s1IobL9/fV2dPBZ7eTf292IJIJKQzjWuuW5sfFTrAwjnI5y7UTTGJMB7tGWpRILqv10cuoInVili8JI2ZIGTdTfEykWWg9FYDsFNn09743F/7xWYsILP2UyTgyVZLooTDgyERr/jbpMUWL40BJMFLO3ItLHChNj08nZELz5lxdJ/azolYrla5tGGabIwiEcwyl4cA4VuIIq1IBAD+7hEZ4c7jw4z87LtDXjzGb24Q+c1x9kBJGb</latexit>

Diquark Tetraquarks



Exotic States: What Can They Be? 
 Gell-Mann (1964) : “Color Confinement allows                                ”qgq, qqqq, qqqqq, . . .

<latexit sha1_base64="DvZi6AaZHoaIOkl8lE/KyqLYjyo=">AAACMXicbVDLSsNAFJ34rPVV7dLNYBFcSEmKoN0V3HRZwT6gDWUymbRDJ5lkZiKU0P9x5cZfcOVS3HShiFtX/oGTtIvaemDgcM493LnHCRmVyjSnxtr6xubWdm4nv7u3f3BYODpuSR4LTJqYMy46DpKE0YA0FVWMdEJBkO8w0nZGN6nfvidCUh7cqXFIbB8NAupRjJSW+oV6j2s7TSfRBA5gdAEXlUUeLXkwglGmMZcr2S+UzLKZAa4Sa05KteLPc+Wl/dDoF157LsexTwKFGZKya5mhshMkFMWMTPK9WJIQ4REakK6mAfKJtJPs4gk804oLPS70CxTM1MVEgnwpx76jJ32khnLZS8X/vG6svGs7oUEYKxLg2SIvZlBxmNYHXSoIVmysCcKC6r9CPEQCYaVLzusSrOWTV0mrUrYuy9Vb3UYVzJADJ+AUnAMLXIEaqIMGaAIMHsEbeAcfxpMxNT6Nr9nomjHPFMEfGN+/zXmvhQ==</latexit>

| i =

<latexit sha1_base64="EO3Wpho9fA7qZ1i6s35jIbEjs1M=">AAAB+HicbVBNS8NAEJ3Ur1o/GvUkXhaL4KkkImgPQsGLxwr2A5pQNttNu3SzCbsbocaC/8OLB0W8+lO8+W/ctD1o64OBx3szzMwLEs6Udpxvq7Cyura+UdwsbW3v7Jbtvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQP8IDwUJGsDZSzy4/eg3FPInFgFN0hXp2xak6U6Bl4s5JpX74BDkaPfvL68ckjajQhGOluq6TaD/DUjPC6aTkpYommIzwgHYNFTiiys+mh0/QiVH6KIylKaHRVP09keFIqXEUmM4I66Fa9HLxP6+b6vDSz5hIUk0FmS0KU450jPIUUJ9JSjQfG4KJZOZWRIZYYqJNViUTgrv48jJpnVXd82rt1qRRgxmKcATHcAouXEAdbqABTSCQwjO8wpv1YL1Y79bHrLVgzWcO4A+szx8Tu5Nv</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

a4

<latexit sha1_base64="ye4fYUSjhIZz/LVJveA9MVAFoDI=">AAAB6nicbVDJSgNBEK2JW4xbXG4iNAbBU5iRgOYW8OIxolkgGUJPpydp0t0zdPcIYcgnePGgiFd/xqs37/od2lkOmvig4PFeFVX1gpgzbVz3w8ksLa+srmXXcxubW9s7+d29uo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HLsN+6o0iySt2YYU1/gnmQhI9hY6QZ3Sp18wS26E6BF4s1IobL9/fV2dPBZ7eTf292IJIJKQzjWuuW5sfFTrAwjnI5y7UTTGJMB7tGWpRILqv10cuoInVili8JI2ZIGTdTfEykWWg9FYDsFNn09743F/7xWYsILP2UyTgyVZLooTDgyERr/jbpMUWL40BJMFLO3ItLHChNj08nZELz5lxdJ/azolYrla5tGGabIwiEcwyl4cA4VuIIq1IBAD+7hEZ4c7jw4z87LtDXjzGb24Q+c1x9kBJGb</latexit>

Diquark Tetraquarks



Exotic States: What Can They Be? 
 Gell-Mann (1964) : “Color Confinement allows                                ”qgq, qqqq, qqqqq, . . .

<latexit sha1_base64="DvZi6AaZHoaIOkl8lE/KyqLYjyo=">AAACMXicbVDLSsNAFJ34rPVV7dLNYBFcSEmKoN0V3HRZwT6gDWUymbRDJ5lkZiKU0P9x5cZfcOVS3HShiFtX/oGTtIvaemDgcM493LnHCRmVyjSnxtr6xubWdm4nv7u3f3BYODpuSR4LTJqYMy46DpKE0YA0FVWMdEJBkO8w0nZGN6nfvidCUh7cqXFIbB8NAupRjJSW+oV6j2s7TSfRBA5gdAEXlUUeLXkwglGmMZcr2S+UzLKZAa4Sa05KteLPc+Wl/dDoF157LsexTwKFGZKya5mhshMkFMWMTPK9WJIQ4REakK6mAfKJtJPs4gk804oLPS70CxTM1MVEgnwpx76jJ32khnLZS8X/vG6svGs7oUEYKxLg2SIvZlBxmNYHXSoIVmysCcKC6r9CPEQCYaVLzusSrOWTV0mrUrYuy9Vb3UYVzJADJ+AUnAMLXIEaqIMGaAIMHsEbeAcfxpMxNT6Nr9nomjHPFMEfGN+/zXmvhQ==</latexit>

| i =

<latexit sha1_base64="EO3Wpho9fA7qZ1i6s35jIbEjs1M=">AAAB+HicbVBNS8NAEJ3Ur1o/GvUkXhaL4KkkImgPQsGLxwr2A5pQNttNu3SzCbsbocaC/8OLB0W8+lO8+W/ctD1o64OBx3szzMwLEs6Udpxvq7Cyura+UdwsbW3v7Jbtvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQP8IDwUJGsDZSzy4/eg3FPInFgFN0hXp2xak6U6Bl4s5JpX74BDkaPfvL68ckjajQhGOluq6TaD/DUjPC6aTkpYommIzwgHYNFTiiys+mh0/QiVH6KIylKaHRVP09keFIqXEUmM4I66Fa9HLxP6+b6vDSz5hIUk0FmS0KU450jPIUUJ9JSjQfG4KJZOZWRIZYYqJNViUTgrv48jJpnVXd82rt1qRRgxmKcATHcAouXEAdbqABTSCQwjO8wpv1YL1Y79bHrLVgzWcO4A+szx8Tu5Nv</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

a4

<latexit sha1_base64="ye4fYUSjhIZz/LVJveA9MVAFoDI=">AAAB6nicbVDJSgNBEK2JW4xbXG4iNAbBU5iRgOYW8OIxolkgGUJPpydp0t0zdPcIYcgnePGgiFd/xqs37/od2lkOmvig4PFeFVX1gpgzbVz3w8ksLa+srmXXcxubW9s7+d29uo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HLsN+6o0iySt2YYU1/gnmQhI9hY6QZ3Sp18wS26E6BF4s1IobL9/fV2dPBZ7eTf292IJIJKQzjWuuW5sfFTrAwjnI5y7UTTGJMB7tGWpRILqv10cuoInVili8JI2ZIGTdTfEykWWg9FYDsFNn09743F/7xWYsILP2UyTgyVZLooTDgyERr/jbpMUWL40BJMFLO3ItLHChNj08nZELz5lxdJ/azolYrla5tGGabIwiEcwyl4cA4VuIIq1IBAD+7hEZ4c7jw4z87LtDXjzGb24Q+c1x9kBJGb</latexit>

Compact Tetraquarks



Exotic States: What Can They Be? 
 Gell-Mann (1964) : “Color Confinement allows                                ”qgq, qqqq, qqqqq, . . .

<latexit sha1_base64="DvZi6AaZHoaIOkl8lE/KyqLYjyo=">AAACMXicbVDLSsNAFJ34rPVV7dLNYBFcSEmKoN0V3HRZwT6gDWUymbRDJ5lkZiKU0P9x5cZfcOVS3HShiFtX/oGTtIvaemDgcM493LnHCRmVyjSnxtr6xubWdm4nv7u3f3BYODpuSR4LTJqYMy46DpKE0YA0FVWMdEJBkO8w0nZGN6nfvidCUh7cqXFIbB8NAupRjJSW+oV6j2s7TSfRBA5gdAEXlUUeLXkwglGmMZcr2S+UzLKZAa4Sa05KteLPc+Wl/dDoF157LsexTwKFGZKya5mhshMkFMWMTPK9WJIQ4REakK6mAfKJtJPs4gk804oLPS70CxTM1MVEgnwpx76jJ32khnLZS8X/vG6svGs7oUEYKxLg2SIvZlBxmNYHXSoIVmysCcKC6r9CPEQCYaVLzusSrOWTV0mrUrYuy9Vb3UYVzJADJ+AUnAMLXIEaqIMGaAIMHsEbeAcfxpMxNT6Nr9nomjHPFMEfGN+/zXmvhQ==</latexit>

| i =

<latexit sha1_base64="EO3Wpho9fA7qZ1i6s35jIbEjs1M=">AAAB+HicbVBNS8NAEJ3Ur1o/GvUkXhaL4KkkImgPQsGLxwr2A5pQNttNu3SzCbsbocaC/8OLB0W8+lO8+W/ctD1o64OBx3szzMwLEs6Udpxvq7Cyura+UdwsbW3v7Jbtvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQP8IDwUJGsDZSzy4/eg3FPInFgFN0hXp2xak6U6Bl4s5JpX74BDkaPfvL68ckjajQhGOluq6TaD/DUjPC6aTkpYommIzwgHYNFTiiys+mh0/QiVH6KIylKaHRVP09keFIqXEUmM4I66Fa9HLxP6+b6vDSz5hIUk0FmS0KU450jPIUUJ9JSjQfG4KJZOZWRIZYYqJNViUTgrv48jJpnVXd82rt1qRRgxmKcATHcAouXEAdbqABTSCQwjO8wpv1YL1Y79bHrLVgzWcO4A+szx8Tu5Nv</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

a5

<latexit sha1_base64="aM0W2BhHKzrszUZQnz4LN9fHs2E=">AAAB6nicbVDJSgNBEK2JW4xbXG4iNAbBU5gRRXMLePEY0SyQDKGn05M06ekeunuEMOQTvHhQxKs/49Wbd/0O7SwHTXxQ8Hiviqp6QcyZNq774WQWFpeWV7KrubX1jc2t/PZOTctEEVolkkvVCLCmnAlaNcxw2ogVxVHAaT3oX478+h1VmklxawYx9SPcFSxkBBsr3eD2WTtfcIvuGGieeFNSKG9+f70d7H1W2vn3VkeSJKLCEI61bnpubPwUK8MIp8NcK9E0xqSPu7RpqcAR1X46PnWIjqzSQaFUtoRBY/X3RIojrQdRYDsjbHp61huJ/3nNxIQXfspEnBgqyGRRmHBkJBr9jTpMUWL4wBJMFLO3ItLDChNj08nZELzZl+dJ7aTonRZL1zaNEkyQhX04hGPw4BzKcAUVqAKBLtzDIzw53Hlwnp2XSWvGmc7swh84rz9liJGc</latexit>

Hadro-Quarkonium



Exotic States: What Can They Be? 
 Gell-Mann (1964) : “Color Confinement allows                                ”qgq, qqqq, qqqqq, . . .

<latexit sha1_base64="DvZi6AaZHoaIOkl8lE/KyqLYjyo=">AAACMXicbVDLSsNAFJ34rPVV7dLNYBFcSEmKoN0V3HRZwT6gDWUymbRDJ5lkZiKU0P9x5cZfcOVS3HShiFtX/oGTtIvaemDgcM493LnHCRmVyjSnxtr6xubWdm4nv7u3f3BYODpuSR4LTJqYMy46DpKE0YA0FVWMdEJBkO8w0nZGN6nfvidCUh7cqXFIbB8NAupRjJSW+oV6j2s7TSfRBA5gdAEXlUUeLXkwglGmMZcr2S+UzLKZAa4Sa05KteLPc+Wl/dDoF157LsexTwKFGZKya5mhshMkFMWMTPK9WJIQ4REakK6mAfKJtJPs4gk804oLPS70CxTM1MVEgnwpx76jJ32khnLZS8X/vG6svGs7oUEYKxLg2SIvZlBxmNYHXSoIVmysCcKC6r9CPEQCYaVLzusSrOWTV0mrUrYuy9Vb3UYVzJADJ+AUnAMLXIEaqIMGaAIMHsEbeAcfxpMxNT6Nr9nomjHPFMEfGN+/zXmvhQ==</latexit>

| i =

<latexit sha1_base64="EO3Wpho9fA7qZ1i6s35jIbEjs1M=">AAAB+HicbVBNS8NAEJ3Ur1o/GvUkXhaL4KkkImgPQsGLxwr2A5pQNttNu3SzCbsbocaC/8OLB0W8+lO8+W/ctD1o64OBx3szzMwLEs6Udpxvq7Cyura+UdwsbW3v7Jbtvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQP8IDwUJGsDZSzy4/eg3FPInFgFN0hXp2xak6U6Bl4s5JpX74BDkaPfvL68ckjajQhGOluq6TaD/DUjPC6aTkpYommIzwgHYNFTiiys+mh0/QiVH6KIylKaHRVP09keFIqXEUmM4I66Fa9HLxP6+b6vDSz5hIUk0FmS0KU450jPIUUJ9JSjQfG4KJZOZWRIZYYqJNViUTgrv48jJpnVXd82rt1qRRgxmKcATHcAouXEAdbqABTSCQwjO8wpv1YL1Y79bHrLVgzWcO4A+szx8Tu5Nv</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

g

<latexit sha1_base64="6TqKbEUh4vf2dOvLgESh2dfBvs4=">AAAB6HicbVC7SgNBFL0bXzG+oiltBoNgFXaDoOkCNpYJmAckS5id3E3GzD6YmRXCki+wsVDE1soPsbK08zP8AyePQhMPXDiccy/33uPFgitt219WZm19Y3Mru53b2d3bP8gfHjVVlEiGDRaJSLY9qlDwEBuaa4HtWCINPIEtb3Q19Vt3KBWPwhs9jtEN6CDkPmdUG6k+6OWLdsmegawSZ0GK1cL3e/mj9Vbr5T+7/YglAYaaCapUx7Fj7aZUas4ETnLdRGFM2YgOsGNoSANUbjo7dEJOjdInfiRNhZrM1N8TKQ2UGgee6QyoHqplbyr+53US7V+6KQ/jRGPI5ov8RBAdkenXpM8lMi3GhlAmubmVsCGVlGmTTc6E4Cy/vEqa5ZJzXqrUTRoVmCMLx3ACZ+DABVThGmrQAAYI9/AIT9at9WA9Wy/z1oy1mCnAH1ivPzExkO0=</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

+

<latexit sha1_base64="W9iWOl9SF7nqPaCd1EFN+8GLTTw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMiCGFXBM0t4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl48ePRzvPkN/oSTxIMmFjQUVd10dwWJ4Nq47qeTWVpeWV3Lruc2Nre2d/K7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK4mfuMOleaxvDHDBP2I9iQPOaPGStXTTr7gFt0pyCLxfkih7Ly/yq/kuNLJf7S7MUsjlIYJqnXLcxPjj6gynAkc59qpxoSyAe1hy1JJI9T+aHromBxZpUvCWNmShkzV3xMjGmk9jALbGVHT1/PeRPzPa6UmvPRHXCapQclmi8JUEBOTydekyxUyI4aWUKa4vZWwPlWUGZtNzobgzb+8SOpnRe+8WKraNEowQxYO4BBOwIMLKMM1VKAGDBDu4RGenFvnwXl2XmatGednZh/+wHn7BhuzkCY=</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

+

<latexit sha1_base64="W9iWOl9SF7nqPaCd1EFN+8GLTTw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMiCGFXBM0t4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl48ePRzvPkN/oSTxIMmFjQUVd10dwWJ4Nq47qeTWVpeWV3Lruc2Nre2d/K7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK4mfuMOleaxvDHDBP2I9iQPOaPGStXTTr7gFt0pyCLxfkih7Ly/yq/kuNLJf7S7MUsjlIYJqnXLcxPjj6gynAkc59qpxoSyAe1hy1JJI9T+aHromBxZpUvCWNmShkzV3xMjGmk9jALbGVHT1/PeRPzPa6UmvPRHXCapQclmi8JUEBOTydekyxUyI4aWUKa4vZWwPlWUGZtNzobgzb+8SOpnRe+8WKraNEowQxYO4BBOwIMLKMM1VKAGDBDu4RGenFvnwXl2XmatGednZh/+wHn7BhuzkCY=</latexit>

+

<latexit sha1_base64="W9iWOl9SF7nqPaCd1EFN+8GLTTw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMiCGFXBM0t4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl48ePRzvPkN/oSTxIMmFjQUVd10dwWJ4Nq47qeTWVpeWV3Lruc2Nre2d/K7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK4mfuMOleaxvDHDBP2I9iQPOaPGStXTTr7gFt0pyCLxfkih7Ly/yq/kuNLJf7S7MUsjlIYJqnXLcxPjj6gynAkc59qpxoSyAe1hy1JJI9T+aHromBxZpUvCWNmShkzV3xMjGmk9jALbGVHT1/PeRPzPa6UmvPRHXCapQclmi8JUEBOTydekyxUyI4aWUKa4vZWwPlWUGZtNzobgzb+8SOpnRe+8WKraNEowQxYO4BBOwIMLKMM1VKAGDBDu4RGenFvnwXl2XmatGednZh/+wHn7BhuzkCY=</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

a1

<latexit sha1_base64="S9cRL579ULuSDMBwZ1ruREX4cGI=">AAAB6nicbVDLSgNBEOyNrxg1xsdNhMEgeAq7ImhuAS8eI5oHJEuYncwmQ2ZnlplZISz5BC8eFPHqz3j15l2/QyePgyYWNBRV3XR3BTFn2rjuh5NZWl5ZXcuu5zY2t/LbhZ3dupaJIrRGJJeqGWBNORO0ZpjhtBkriqOA00YwuBz7jTuqNJPi1gxj6ke4J1jICDZWusEdr1MouiV3ArRIvBkpVvLfX2+H+5/VTuG93ZUkiagwhGOtW54bGz/FyjDC6SjXTjSNMRngHm1ZKnBEtZ9OTh2hY6t0USiVLWHQRP09keJI62EU2M4Im76e98bif14rMeGFnzIRJ4YKMl0UJhwZicZ/oy5TlBg+tAQTxeytiPSxwsTYdHI2BG/+5UVSPy15Z6XytU2jDFNk4QCO4AQ8OIcKXEEVakCgB/fwCE8Odx6cZ+dl2ppxZjN78AfO6w9feJGY</latexit>

a2

<latexit sha1_base64="TTsYVzRM3rRzZJFWT3sX7PRYySs=">AAAB63icbVA9SwNBEJ2LXzFqjB+dCItBsAp3QdB0ARvLCOYDkiPsbTbJkt29Y3dPCEf+go2FIrb+GFs7e/0dupek0MQHA4/3ZpiZF0ScaeO6H05mZXVtfSO7mdva3snvFvb2GzqMFaF1EvJQtQKsKWeS1g0znLYiRbEIOG0Go6vUb95RpVkob804or7AA8n6jGCTSrhbznULRbfkToGWiTcnxWr+++vt+PCz1i28d3ohiQWVhnCsddtzI+MnWBlGOJ3kOrGmESYjPKBtSyUWVPvJ9NYJOrVKD/VDZUsaNFV/TyRYaD0Wge0U2Az1opeK/3nt2PQv/YTJKDZUktmifsyRCVH6OOoxRYnhY0swUczeisgQK0yMjScNwVt8eZk0yiXvvFS5sWlUYIYsHMEJnIEHF1CFa6hBHQgM4R4e4ckRzoPz7LzMWjPOfOYA/sB5/QGV/pGt</latexit>

a3

<latexit sha1_base64="NRCwQud30pWzS6rrJCXG7ZgYoqU=">AAAB6nicbVDJSgNBEK2JW4xbXG4iNAbBU5hRQXMLePEY0SyQDKGn05M06ekeunuEMOQTvHhQxKs/49Wbd/0O7SwHTXxQ8Hiviqp6QcyZNq774WQWFpeWV7KrubX1jc2t/PZOTctEEVolkkvVCLCmnAlaNcxw2ogVxVHAaT3oX478+h1VmklxawYx9SPcFSxkBBsr3eD2aTtfcIvuGGieeFNSKG9+f70d7H1W2vn3VkeSJKLCEI61bnpubPwUK8MIp8NcK9E0xqSPu7RpqcAR1X46PnWIjqzSQaFUtoRBY/X3RIojrQdRYDsjbHp61huJ/3nNxIQXfspEnBgqyGRRmHBkJBr9jTpMUWL4wBJMFLO3ItLDChNj08nZELzZl+dJ7aTonRVL1zaNEkyQhX04hGPw4BzKcAUVqAKBLtzDIzw53Hlwnp2XSWvGmc7swh84rz9igJGa</latexit>

a4

<latexit sha1_base64="ye4fYUSjhIZz/LVJveA9MVAFoDI=">AAAB6nicbVDJSgNBEK2JW4xbXG4iNAbBU5iRgOYW8OIxolkgGUJPpydp0t0zdPcIYcgnePGgiFd/xqs37/od2lkOmvig4PFeFVX1gpgzbVz3w8ksLa+srmXXcxubW9s7+d29uo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HLsN+6o0iySt2YYU1/gnmQhI9hY6QZ3Sp18wS26E6BF4s1IobL9/fV2dPBZ7eTf292IJIJKQzjWuuW5sfFTrAwjnI5y7UTTGJMB7tGWpRILqv10cuoInVili8JI2ZIGTdTfEykWWg9FYDsFNn09743F/7xWYsILP2UyTgyVZLooTDgyERr/jbpMUWL40BJMFLO3ItLHChNj08nZELz5lxdJ/azolYrla5tGGabIwiEcwyl4cA4VuIIq1IBAD+7hEZ4c7jw4z87LtDXjzGb24Q+c1x9kBJGb</latexit>

+

<latexit sha1_base64="W9iWOl9SF7nqPaCd1EFN+8GLTTw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMiCGFXBM0t4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl48ePRzvPkN/oSTxIMmFjQUVd10dwWJ4Nq47qeTWVpeWV3Lruc2Nre2d/K7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK4mfuMOleaxvDHDBP2I9iQPOaPGStXTTr7gFt0pyCLxfkih7Ly/yq/kuNLJf7S7MUsjlIYJqnXLcxPjj6gynAkc59qpxoSyAe1hy1JJI9T+aHromBxZpUvCWNmShkzV3xMjGmk9jALbGVHT1/PeRPzPa6UmvPRHXCapQclmi8JUEBOTydekyxUyI4aWUKa4vZWwPlWUGZtNzobgzb+8SOpnRe+8WKraNEowQxYO4BBOwIMLKMM1VKAGDBDu4RGenFvnwXl2XmatGednZh/+wHn7BhuzkCY=</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

a5

<latexit sha1_base64="aM0W2BhHKzrszUZQnz4LN9fHs2E=">AAAB6nicbVDJSgNBEK2JW4xbXG4iNAbBU5gRRXMLePEY0SyQDKGn05M06ekeunuEMOQTvHhQxKs/49Wbd/0O7SwHTXxQ8Hiviqp6QcyZNq774WQWFpeWV7KrubX1jc2t/PZOTctEEVolkkvVCLCmnAlaNcxw2ogVxVHAaT3oX478+h1VmklxawYx9SPcFSxkBBsr3eD2WTtfcIvuGGieeFNSKG9+f70d7H1W2vn3VkeSJKLCEI61bnpubPwUK8MIp8NcK9E0xqSPu7RpqcAR1X46PnWIjqzSQaFUtoRBY/X3RIojrQdRYDsjbHp61huJ/3nNxIQXfspEnBgqyGRRmHBkJBr9jTpMUWL4wBJMFLO3ItLDChNj08nZELzZl+dJ7aTonRZL1zaNEkyQhX04hGPw4BzKcAUVqAKBLtzDIzw53Hlwnp2XSWvGmc7swh84rz9liJGc</latexit>

+ · · ·

<latexit sha1_base64="OQkId/j9b66bBAVDiGMVyDG0wq8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMiCGFXBM0t4MVjBPOAZAmzs7PJkNmZdWZWCEt+wosHJXjVz/HmN/gTTh4HTSxoKKq66e4KEs60cd0vJ7eyura+kd8sbG3v7O4V9w8aWqaK0DqRXKpWgDXlTNC6YYbTVqIojgNOm8HgZuI3H6nSTIp7M0yoH+OeYBEj2FipdY46JJRGd4slt+xOgZaJNyelqvMxFt/Jaa1b/OyEkqQxFYZwrHXbcxPjZ1gZRjgdFTqppgkmA9yjbUsFjqn2s+m9I3RilRBFUtkSBk3V3xMZjrUexoHtjLHp60VvIv7ntVMTXfsZE0lqqCCzRVHKkZFo8jwKmaLE8KElmChmb0WkjxUmxkZUsCF4iy8vk8ZF2bssV+5sGhWYIQ9HcAxn4MEVVOEWalAHAhye4AVenQfn2Rk7b7PWnDOfOYQ/cN5/ABYLkwU=</latexit>

Mesons       : Hybridsqgq

<latexit sha1_base64="CYGF0YZjJoUEH6ZkcM+nlDBpZfE=">AAAB+XicbVC7SgNBFL3rM8bXakqbwSBYhd0gaLqAjWUE84BkCbOT2WTI7OxmZjYQlvyJjYUSbP0FK0s7P8M/cDZJoYkHBg7n3MO9c/yYM6Ud58va2Nza3tnN7eX3Dw6Pju2T04aKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eFt5jfHVCoWiQc9iakX4r5gASNYG6lr253I2Fk6HU1RH426dtEpOXOgdeIuSbFa+H4vfzRnta792elFJAmp0IRjpdquE2svxVIzwuk030kUjTEZ4j5tGypwSJWXzi+foguj9FAQSfOERnP1dyLFoVKT0DeTIdYDtepl4n9eO9HBjZcyESeaCrJYFCQc6QhlNaAek5RoPjEEE8nMrYgMsMREm7LypgR39cvrpFEuuVelyr1powIL5OAMzuESXLiGKtxBDepAYAyP8AwvVmo9WTPrdTG6YS0zBfgD6+0H48uXjg==</latexit>

Molecular

Hadro-QuarkoniumCompact Tetraquarks



Exotic States: What Can They Be? 
 Gell-Mann (1964) : “Color Confinement allows                                ”qgq, qqqq, qqqqq, . . .

<latexit sha1_base64="DvZi6AaZHoaIOkl8lE/KyqLYjyo=">AAACMXicbVDLSsNAFJ34rPVV7dLNYBFcSEmKoN0V3HRZwT6gDWUymbRDJ5lkZiKU0P9x5cZfcOVS3HShiFtX/oGTtIvaemDgcM493LnHCRmVyjSnxtr6xubWdm4nv7u3f3BYODpuSR4LTJqYMy46DpKE0YA0FVWMdEJBkO8w0nZGN6nfvidCUh7cqXFIbB8NAupRjJSW+oV6j2s7TSfRBA5gdAEXlUUeLXkwglGmMZcr2S+UzLKZAa4Sa05KteLPc+Wl/dDoF157LsexTwKFGZKya5mhshMkFMWMTPK9WJIQ4REakK6mAfKJtJPs4gk804oLPS70CxTM1MVEgnwpx76jJ32khnLZS8X/vG6svGs7oUEYKxLg2SIvZlBxmNYHXSoIVmysCcKC6r9CPEQCYaVLzusSrOWTV0mrUrYuy9Vb3UYVzJADJ+AUnAMLXIEaqIMGaAIMHsEbeAcfxpMxNT6Nr9nomjHPFMEfGN+/zXmvhQ==</latexit>

| i =

<latexit sha1_base64="EO3Wpho9fA7qZ1i6s35jIbEjs1M=">AAAB+HicbVBNS8NAEJ3Ur1o/GvUkXhaL4KkkImgPQsGLxwr2A5pQNttNu3SzCbsbocaC/8OLB0W8+lO8+W/ctD1o64OBx3szzMwLEs6Udpxvq7Cyura+UdwsbW3v7Jbtvf2WilNJaJPEPJadACvKmaBNzTSnnURSHAWctoPRde6376lULBZ3epxQP8IDwUJGsDZSzy4/eg3FPInFgFN0hXp2xak6U6Bl4s5JpX74BDkaPfvL68ckjajQhGOluq6TaD/DUjPC6aTkpYommIzwgHYNFTiiys+mh0/QiVH6KIylKaHRVP09keFIqXEUmM4I66Fa9HLxP6+b6vDSz5hIUk0FmS0KU450jPIUUJ9JSjQfG4KJZOZWRIZYYqJNViUTgrv48jJpnVXd82rt1qRRgxmKcATHcAouXEAdbqABTSCQwjO8wpv1YL1Y79bHrLVgzWcO4A+szx8Tu5Nv</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

g

<latexit sha1_base64="6TqKbEUh4vf2dOvLgESh2dfBvs4=">AAAB6HicbVC7SgNBFL0bXzG+oiltBoNgFXaDoOkCNpYJmAckS5id3E3GzD6YmRXCki+wsVDE1soPsbK08zP8AyePQhMPXDiccy/33uPFgitt219WZm19Y3Mru53b2d3bP8gfHjVVlEiGDRaJSLY9qlDwEBuaa4HtWCINPIEtb3Q19Vt3KBWPwhs9jtEN6CDkPmdUG6k+6OWLdsmegawSZ0GK1cL3e/mj9Vbr5T+7/YglAYaaCapUx7Fj7aZUas4ETnLdRGFM2YgOsGNoSANUbjo7dEJOjdInfiRNhZrM1N8TKQ2UGgee6QyoHqplbyr+53US7V+6KQ/jRGPI5ov8RBAdkenXpM8lMi3GhlAmubmVsCGVlGmTTc6E4Cy/vEqa5ZJzXqrUTRoVmCMLx3ACZ+DABVThGmrQAAYI9/AIT9at9WA9Wy/z1oy1mCnAH1ivPzExkO0=</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

+

<latexit sha1_base64="W9iWOl9SF7nqPaCd1EFN+8GLTTw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMiCGFXBM0t4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl48ePRzvPkN/oSTxIMmFjQUVd10dwWJ4Nq47qeTWVpeWV3Lruc2Nre2d/K7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK4mfuMOleaxvDHDBP2I9iQPOaPGStXTTr7gFt0pyCLxfkih7Ly/yq/kuNLJf7S7MUsjlIYJqnXLcxPjj6gynAkc59qpxoSyAe1hy1JJI9T+aHromBxZpUvCWNmShkzV3xMjGmk9jALbGVHT1/PeRPzPa6UmvPRHXCapQclmi8JUEBOTydekyxUyI4aWUKa4vZWwPlWUGZtNzobgzb+8SOpnRe+8WKraNEowQxYO4BBOwIMLKMM1VKAGDBDu4RGenFvnwXl2XmatGednZh/+wHn7BhuzkCY=</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

+

<latexit sha1_base64="W9iWOl9SF7nqPaCd1EFN+8GLTTw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMiCGFXBM0t4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl48ePRzvPkN/oSTxIMmFjQUVd10dwWJ4Nq47qeTWVpeWV3Lruc2Nre2d/K7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK4mfuMOleaxvDHDBP2I9iQPOaPGStXTTr7gFt0pyCLxfkih7Ly/yq/kuNLJf7S7MUsjlIYJqnXLcxPjj6gynAkc59qpxoSyAe1hy1JJI9T+aHromBxZpUvCWNmShkzV3xMjGmk9jALbGVHT1/PeRPzPa6UmvPRHXCapQclmi8JUEBOTydekyxUyI4aWUKa4vZWwPlWUGZtNzobgzb+8SOpnRe+8WKraNEowQxYO4BBOwIMLKMM1VKAGDBDu4RGenFvnwXl2XmatGednZh/+wHn7BhuzkCY=</latexit>

+

<latexit sha1_base64="W9iWOl9SF7nqPaCd1EFN+8GLTTw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMiCGFXBM0t4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl48ePRzvPkN/oSTxIMmFjQUVd10dwWJ4Nq47qeTWVpeWV3Lruc2Nre2d/K7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK4mfuMOleaxvDHDBP2I9iQPOaPGStXTTr7gFt0pyCLxfkih7Ly/yq/kuNLJf7S7MUsjlIYJqnXLcxPjj6gynAkc59qpxoSyAe1hy1JJI9T+aHromBxZpUvCWNmShkzV3xMjGmk9jALbGVHT1/PeRPzPa6UmvPRHXCapQclmi8JUEBOTydekyxUyI4aWUKa4vZWwPlWUGZtNzobgzb+8SOpnRe+8WKraNEowQxYO4BBOwIMLKMM1VKAGDBDu4RGenFvnwXl2XmatGednZh/+wHn7BhuzkCY=</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

a1

<latexit sha1_base64="S9cRL579ULuSDMBwZ1ruREX4cGI=">AAAB6nicbVDLSgNBEOyNrxg1xsdNhMEgeAq7ImhuAS8eI5oHJEuYncwmQ2ZnlplZISz5BC8eFPHqz3j15l2/QyePgyYWNBRV3XR3BTFn2rjuh5NZWl5ZXcuu5zY2t/LbhZ3dupaJIrRGJJeqGWBNORO0ZpjhtBkriqOA00YwuBz7jTuqNJPi1gxj6ke4J1jICDZWusEdr1MouiV3ArRIvBkpVvLfX2+H+5/VTuG93ZUkiagwhGOtW54bGz/FyjDC6SjXTjSNMRngHm1ZKnBEtZ9OTh2hY6t0USiVLWHQRP09keJI62EU2M4Im76e98bif14rMeGFnzIRJ4YKMl0UJhwZicZ/oy5TlBg+tAQTxeytiPSxwsTYdHI2BG/+5UVSPy15Z6XytU2jDFNk4QCO4AQ8OIcKXEEVakCgB/fwCE8Odx6cZ+dl2ppxZjN78AfO6w9feJGY</latexit>

a2

<latexit sha1_base64="TTsYVzRM3rRzZJFWT3sX7PRYySs=">AAAB63icbVA9SwNBEJ2LXzFqjB+dCItBsAp3QdB0ARvLCOYDkiPsbTbJkt29Y3dPCEf+go2FIrb+GFs7e/0dupek0MQHA4/3ZpiZF0ScaeO6H05mZXVtfSO7mdva3snvFvb2GzqMFaF1EvJQtQKsKWeS1g0znLYiRbEIOG0Go6vUb95RpVkob804or7AA8n6jGCTSrhbznULRbfkToGWiTcnxWr+++vt+PCz1i28d3ohiQWVhnCsddtzI+MnWBlGOJ3kOrGmESYjPKBtSyUWVPvJ9NYJOrVKD/VDZUsaNFV/TyRYaD0Wge0U2Az1opeK/3nt2PQv/YTJKDZUktmifsyRCVH6OOoxRYnhY0swUczeisgQK0yMjScNwVt8eZk0yiXvvFS5sWlUYIYsHMEJnIEHF1CFa6hBHQgM4R4e4ckRzoPz7LzMWjPOfOYA/sB5/QGV/pGt</latexit>

a3

<latexit sha1_base64="NRCwQud30pWzS6rrJCXG7ZgYoqU=">AAAB6nicbVDJSgNBEK2JW4xbXG4iNAbBU5hRQXMLePEY0SyQDKGn05M06ekeunuEMOQTvHhQxKs/49Wbd/0O7SwHTXxQ8Hiviqp6QcyZNq774WQWFpeWV7KrubX1jc2t/PZOTctEEVolkkvVCLCmnAlaNcxw2ogVxVHAaT3oX478+h1VmklxawYx9SPcFSxkBBsr3eD2aTtfcIvuGGieeFNSKG9+f70d7H1W2vn3VkeSJKLCEI61bnpubPwUK8MIp8NcK9E0xqSPu7RpqcAR1X46PnWIjqzSQaFUtoRBY/X3RIojrQdRYDsjbHp61huJ/3nNxIQXfspEnBgqyGRRmHBkJBr9jTpMUWL4wBJMFLO3ItLDChNj08nZELzZl+dJ7aTonRVL1zaNEkyQhX04hGPw4BzKcAUVqAKBLtzDIzw53Hlwnp2XSWvGmc7swh84rz9igJGa</latexit>

a4

<latexit sha1_base64="ye4fYUSjhIZz/LVJveA9MVAFoDI=">AAAB6nicbVDJSgNBEK2JW4xbXG4iNAbBU5iRgOYW8OIxolkgGUJPpydp0t0zdPcIYcgnePGgiFd/xqs37/od2lkOmvig4PFeFVX1gpgzbVz3w8ksLa+srmXXcxubW9s7+d29uo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HLsN+6o0iySt2YYU1/gnmQhI9hY6QZ3Sp18wS26E6BF4s1IobL9/fV2dPBZ7eTf292IJIJKQzjWuuW5sfFTrAwjnI5y7UTTGJMB7tGWpRILqv10cuoInVili8JI2ZIGTdTfEykWWg9FYDsFNn09743F/7xWYsILP2UyTgyVZLooTDgyERr/jbpMUWL40BJMFLO3ItLHChNj08nZELz5lxdJ/azolYrla5tGGabIwiEcwyl4cA4VuIIq1IBAD+7hEZ4c7jw4z87LtDXjzGb24Q+c1x9kBJGb</latexit>

+

<latexit sha1_base64="W9iWOl9SF7nqPaCd1EFN+8GLTTw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMiCGFXBM0t4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl48ePRzvPkN/oSTxIMmFjQUVd10dwWJ4Nq47qeTWVpeWV3Lruc2Nre2d/K7e3Udp4phjcUiVs2AahRcYs1wI7CZKKRRILARDK4mfuMOleaxvDHDBP2I9iQPOaPGStXTTr7gFt0pyCLxfkih7Ly/yq/kuNLJf7S7MUsjlIYJqnXLcxPjj6gynAkc59qpxoSyAe1hy1JJI9T+aHromBxZpUvCWNmShkzV3xMjGmk9jALbGVHT1/PeRPzPa6UmvPRHXCapQclmi8JUEBOTydekyxUyI4aWUKa4vZWwPlWUGZtNzobgzb+8SOpnRe+8WKraNEowQxYO4BBOwIMLKMM1VKAGDBDu4RGenFvnwXl2XmatGednZh/+wHn7BhuzkCY=</latexit>

q

<latexit sha1_base64="Tb03Dfb6Cvrc6DDNX4H5eLj3lsk=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcoE6u4BbdGdAq8RakUMl/v5c+Gq/VTu6z3ZUkiagwhGOtW54bGz/FyjDC6STbTjSNMRngHm1ZKnBEtZ/Ojp6gM6t0USiVfcKgmfo7keJI63EU2MkIm75e9qbif14rMeGVnzIRJ4YKMl8UJhwZiaYNoC5TlBg+tgQTxeytiPSxwsTYnrK2BG/5y6ukXip6F8XyrW2jDHNk4ARO4Rw8uIQK3EAVakBgCPfwCE/OyHlwnp2X+eias8jk4Q+ctx90NpZH</latexit>

q

<latexit sha1_base64="tnHIg5APIwzyw4V6SqLwRUQtL4c=">AAAB6HicbVC7SgNBFL0bXzG+oiltFoNgFXaDoOkCNpYJmAckS5id3E3GzM6uM7NCWPIFNhaK2Fr5IVaWdn6Gf+DkUWj0wIXDOfdy7z1+zJnSjvNpZVZW19Y3spu5re2d3b38/kFTRYmk2KARj2TbJwo5E9jQTHNsxxJJ6HNs+aOLqd+6RalYJK70OEYvJAPBAkaJNlL9ppcvOiVnBvsvcRekWC18vZXfW6+1Xv6j249oEqLQlBOlOq4Tay8lUjPKcZLrJgpjQkdkgB1DBQlReens0Il9bJS+HUTSlND2TP05kZJQqXHom86Q6KFa9qbif14n0cG5lzIRJxoFnS8KEm7ryJ5+bfeZRKr52BBCJTO32nRIJKHaZJMzIbjLL/8lzXLJPS1V6iaNCsyRhUM4ghNw4QyqcAk1aAAFhDt4gEfr2rq3nqzneWvGWswU4Besl29AWZD3</latexit>

|

<latexit sha1_base64="MprenTOTPdw/MLrrVlpKRlIeI14=">AAAB6HicbVA9SwNBEJ3zM8avqJXYLAbBKtyJoOkCNpYJmA9IjrC3mSRr9vaO3T0hnAF7GwtFbP1Jdv4b95IUmvhg4PHeDDPzglhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbjK/+YBK80jemXGMfkgHkvc5o8ZKtcduoeiW3CnIMvHmpFg5foIM1W7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp9NAJObNKj/QjZUsaMlV/T6Q01HocBrYzpGaoF71M/M9rJ6Z/7adcxolByWaL+okgJiLZ16THFTIjxpZQpri9lbAhVZQZm03ehuAtvrxMGhcl77JUrtk0yjBDDk7gFM7BgyuowC1UoQ4MEJ7hFd6ce+fFeXc+Zq0rznzmCP7A+fwBEjWN2A==</latexit>

i

<latexit sha1_base64="j++dNVOzliXtumaKENyk+sFQlp4=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IRPJVEBO2t4MVjBfsBbSib7aRdutmE3Y1QQsG/4MWDIl79Pd78N27aHrT1wcDjvRlm5gWJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2AahRcYtNwI7CTKKRRILAdjG9zv/2ISvNYPphJgn5Eh5KHnFFjpXZPUTkU2C9X3Ko7A1kl3oJU6idPkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5udOyXnVhmQMFa2pCEz9fdERiOtJ1FgOyNqRnrZy8X/vG5qwhs/4zJJDUo2XxSmgpiY5L+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVr2rau3eplGDOYpwCmdwAR5cQx3uoAFNYDCGZ3iFNydxXpx352PeWnAWM8fwB87nD4c1kG0=</latexit>

a5

<latexit sha1_base64="aM0W2BhHKzrszUZQnz4LN9fHs2E=">AAAB6nicbVDJSgNBEK2JW4xbXG4iNAbBU5gRRXMLePEY0SyQDKGn05M06ekeunuEMOQTvHhQxKs/49Wbd/0O7SwHTXxQ8Hiviqp6QcyZNq774WQWFpeWV7KrubX1jc2t/PZOTctEEVolkkvVCLCmnAlaNcxw2ogVxVHAaT3oX478+h1VmklxawYx9SPcFSxkBBsr3eD2WTtfcIvuGGieeFNSKG9+f70d7H1W2vn3VkeSJKLCEI61bnpubPwUK8MIp8NcK9E0xqSPu7RpqcAR1X46PnWIjqzSQaFUtoRBY/X3RIojrQdRYDsjbHp61huJ/3nNxIQXfspEnBgqyGRRmHBkJBr9jTpMUWL4wBJMFLO3ItLDChNj08nZELzZl+dJ7aTonRZL1zaNEkyQhX04hGPw4BzKcAUVqAKBLtzDIzw53Hlwnp2XSWvGmc7swh84rz9liJGc</latexit>

+ · · ·
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Figure 69: Threshold structure of the T -matrix of Eq. (1) as a function of the scattering length a. Shown is the absolute square of the amplitude for
a = 20 fm (red solid), 10 fm (black dashed), 5 fm (blue dotted), and 1 fm (magenta dot-dashed). Note that in the sign convention employed here
positive scattering lengths refer to virtual states.

and systematic approaches. Their common feature is that the calculations have a sound connection to QCD and can
be improved systematically. Of the highest relevance for the subject of this report are heavy quark e↵ective theory —
see Sec. 4.4.1 — and potential non-relativistic QCD — see Secs. 4.4.3 and 4.4.4 — both operating fundamentally at
the quark-gluon level, and chiral perturbation theory and its non-perturbative version — see Sec. 4.4.5 — operating at
the hadron level.

4.1. Threshold e↵ects without new states
Before examining the di↵erent approaches in detail, it is necessary, however, to comment on alternative explana-

tions for the structures found in the various data sets, namely those that try to describe them without nearby poles
and accordingly without any states. In these explanations the structures are usually generated by the branch points
that emerge whenever the energy crosses a threshold related to a new channel. As will be shown below those are
of particular importance for thresholds of two (near-)stable particles in a relative S -wave, for then they can induce
pronounced non-analyticities of the production amplitudes. Clearly this kind of explanation is quite appealing, since
not only does it provide a reason why many of the additional structures are located right at the thresholds, but also, if
confirmed, would remove many states from the particle listings. There are also attempts to explain some structures as
interference phenomena. Both concepts will now be examined critically.

We begin with the former. It should be stressed that whenever the total energy (or a subsystem energy) or, more
appropriately for relativistic systems, the Mandelstam variable s crosses an N-particle threshold, the corresponding
scattering amplitude develops a branch point in the energy plane. The corresponding phase space scales as (s �
M2

thr.)
(3N�5)/2, where the threshold mass is denoted by Mthr. =

PN
i=1 mi with mi for the mass of particle i. The “-5” term

comes from the four-dimensional delta function present in the expression for the phase space acknowledging that
energy integration counts as two powers of the momentum. As a consequence of unitarity the phase space not only
enters the expressions for cross sections but also scales the imaginary parts of the corresponding loop diagrams and
in this way enters the amplitudes. This allows for a pronounced non-analyticity at threshold, driven by a diverging,
discontinuous derivative, of the amplitude only for N = 2. Accordingly we will now focus on two-body reactions. We
may write the partial-wave-projected elastic 2! 2 T -matrix generically for small momenta as

T (s) /
q2LF2(s)

1/a � iq(2L+1)F2(s) + O
�
q4� , (1)

where q is the particle momentum in the rest frame of the system — e.g., for m1 = m2 = m we may write q =p
s/4 � m2 + i✏. Here the term +i✏ ensures that the square root is chosen positive for real valued s > 4m2, which
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Figure 69: Threshold structure of the T -matrix of Eq. (1) as a function of the scattering length a. Shown is the absolute square of the amplitude for
a = 20 fm (red solid), 10 fm (black dashed), 5 fm (blue dotted), and 1 fm (magenta dot-dashed). Note that in the sign convention employed here
positive scattering lengths refer to virtual states.

and systematic approaches. Their common feature is that the calculations have a sound connection to QCD and can
be improved systematically. Of the highest relevance for the subject of this report are heavy quark e↵ective theory —
see Sec. 4.4.1 — and potential non-relativistic QCD — see Secs. 4.4.3 and 4.4.4 — both operating fundamentally at
the quark-gluon level, and chiral perturbation theory and its non-perturbative version — see Sec. 4.4.5 — operating at
the hadron level.

4.1. Threshold e↵ects without new states
Before examining the di↵erent approaches in detail, it is necessary, however, to comment on alternative explana-

tions for the structures found in the various data sets, namely those that try to describe them without nearby poles
and accordingly without any states. In these explanations the structures are usually generated by the branch points
that emerge whenever the energy crosses a threshold related to a new channel. As will be shown below those are
of particular importance for thresholds of two (near-)stable particles in a relative S -wave, for then they can induce
pronounced non-analyticities of the production amplitudes. Clearly this kind of explanation is quite appealing, since
not only does it provide a reason why many of the additional structures are located right at the thresholds, but also, if
confirmed, would remove many states from the particle listings. There are also attempts to explain some structures as
interference phenomena. Both concepts will now be examined critically.

We begin with the former. It should be stressed that whenever the total energy (or a subsystem energy) or, more
appropriately for relativistic systems, the Mandelstam variable s crosses an N-particle threshold, the corresponding
scattering amplitude develops a branch point in the energy plane. The corresponding phase space scales as (s �
M2

thr.)
(3N�5)/2, where the threshold mass is denoted by Mthr. =

PN
i=1 mi with mi for the mass of particle i. The “-5” term

comes from the four-dimensional delta function present in the expression for the phase space acknowledging that
energy integration counts as two powers of the momentum. As a consequence of unitarity the phase space not only
enters the expressions for cross sections but also scales the imaginary parts of the corresponding loop diagrams and
in this way enters the amplitudes. This allows for a pronounced non-analyticity at threshold, driven by a diverging,
discontinuous derivative, of the amplitude only for N = 2. Accordingly we will now focus on two-body reactions. We
may write the partial-wave-projected elastic 2! 2 T -matrix generically for small momenta as

T (s) /
q2LF2(s)

1/a � iq(2L+1)F2(s) + O
�
q4� , (1)

where q is the particle momentum in the rest frame of the system — e.g., for m1 = m2 = m we may write q =p
s/4 � m2 + i✏. Here the term +i✏ ensures that the square root is chosen positive for real valued s > 4m2, which
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Scattering Overview: What Is A State? 

 Type of States: 
1. Bound states: Poles on the real axis of complex energy plane, below 

threshold of the Physical (first) Sheet. 

2 48. Resonances

as a coherent sum of two-body interactions. Most of the expressions below are given for two–body
kinematics.

physical sheet

unphysical sheet

Figure 48.1: Imaginary part of a typical single–channel scattering amplitude with an isolated
resonance. The solid red line shows the physical range of the Mandelstam variable s: It is real
valued and starts from threshold shown by the red dot. The left plot shows the imaginary part of the
amplitude in the complex S–plane that corresponds to the first physical sheet (green surface). The
right plot shows analytic continuation of the same amplitude to the lower plane of the unphysical
sheet (yellow surface). The latter contains the resonance pole. The two sheets are connected
smoothly along the real axis above the threshold.

48.1.1 Properties of the S-matrix
The unitary operator that connects asymptotic in and out states is called the S–matrix. The

scattering amplitude is defined as the interacting part of the S matrix. For the case of two interact-
ing particles, it reads: (cf. Eq. (8) of the review on “Kinematics” but note: we here use a di�erent
sign convention as well as a di�erent normalisation of the fields to be consistent with most books
on field theory)

i(2fi)4
”

4(p1 + p2 ≠ p
Õ
1 ≠ p

Õ
2) M(p1, p2; p1, p

Õ
2)ba = out

+
p

Õ
1p

Õ
2, b

-- S ≠ 1 |p1p2, aÍin (48.1)

where |p1p2, aÍ and |pÕ
1p

Õ
2, bÍ are asymptotic states of two non-interacting particles with momentum

p1, p2 and p
Õ
1, p

Õ
2. The channel labels a and b are multi–indices specifying all additional properties

of the channel. In general, M is a matrix in channel space. For single particle states we employ
the common relativistic normalization,

+
p

Õ|p
,

= (2fi)32Ep ”
3(p̨ Õ ≠ p̨ ), (48.2)

with Ep =


p̨ 2 + m2. The scattering amplitude an analytic function of the Mandelstam variables
s, t and u up to poles and kinematic singularities. Branch points appear whenever there is a
channel opening — at each two-particle threshold the number of Riemann sheets doubles. Triangle
topologies can induce logarithmic singularities on the unphysical sheets often called triangle sin-
gularities (TS) [4–6]. Analyticity and unitarity principles of the S-matrix put strong constraints
to the function M(s, t). Poles refer either to bound states or to resonances. The former poles are
located on the physical sheet, the latter are located on unphysical sheets. Naturally those located
on the unphysical sheet closest to the physical one, often called the second sheet, have usually the
largest impact on observables. Moreover, as follows from analyticity, if there is a pole at some
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E.g.,                         nucleon-nucleon scattering (arxiv:1705.00141) 
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amplitude in the complex S–plane that corresponds to the first physical sheet (green surface). The
right plot shows analytic continuation of the same amplitude to the lower plane of the unphysical
sheet (yellow surface). The latter contains the resonance pole. The two sheets are connected
smoothly along the real axis above the threshold.

48.1.1 Properties of the S-matrix
The unitary operator that connects asymptotic in and out states is called the S–matrix. The

scattering amplitude is defined as the interacting part of the S matrix. For the case of two interact-
ing particles, it reads: (cf. Eq. (8) of the review on “Kinematics” but note: we here use a di�erent
sign convention as well as a di�erent normalisation of the fields to be consistent with most books
on field theory)
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p̨ 2 + m2. The scattering amplitude an analytic function of the Mandelstam variables
s, t and u up to poles and kinematic singularities. Branch points appear whenever there is a
channel opening — at each two-particle threshold the number of Riemann sheets doubles. Triangle
topologies can induce logarithmic singularities on the unphysical sheets often called triangle sin-
gularities (TS) [4–6]. Analyticity and unitarity principles of the S-matrix put strong constraints
to the function M(s, t). Poles refer either to bound states or to resonances. The former poles are
located on the physical sheet, the latter are located on unphysical sheets. Naturally those located
on the unphysical sheet closest to the physical one, often called the second sheet, have usually the
largest impact on observables. Moreover, as follows from analyticity, if there is a pole at some
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B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

B(D0D⇤) > 30%

<latexit sha1_base64="ds+P0O0ycu7GD8YPNz6Z56uEQ8U=">AAACDnicbVC7SgNBFL0bXzG+Vq3EZjAEokXYVUHTSNAUlhHMA7JJmJ1MkiGzD2ZmhbAE7G38FRsLRWyt7fwbZ5MUGj0wcDj33Dv3HjfkTCrL+jJSC4tLyyvp1cza+sbmlrm9U5NBJAitkoAHouFiSTnzaVUxxWkjFBR7Lqd1d3iV1Ot3VEgW+LdqFNKWh/s+6zGClZY6Zs7xsBoQzOPLcb7ctpxAu5Nhcbl9ND5EF+jEcnIdM2sVrAnQX2LPSLa0dw8JKh3z0+kGJPKorwjHUjZtK1StGAvFCKfjjBNJGmIyxH3a1NTHHpWteHLOGOW00kW9QOjnKzRRf3bE2JNy5LnamSwv52uJ+F+tGaneeStmfhgp6pPpR72IIxWgJBvUZYISxUeaYCKY3hWRARaYKJ1gRodgz5/8l9SOC/ZpoXij0yjCFGnYhwPIgw1nUIJrqEAVCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN+UAm24=</latexit>

Annihilation Effects Suppressed = 
      minimal valence componentsc̄c

<latexit sha1_base64="RWmlJ07O0JnskckfvKsygY1S5nY=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0RNCcDXjxGMA9IltA7mU2GzM6uM7NCWPITXjwo4tW/8Bu8+TdONjloYkFDUdVNd1eQCK6N6347K6tr6xubha3i9s7u3n7p4LCp41RR1qCxiFU7QM0El6xhuBGsnSiGUSBYKxjdTP3WI1Oax/LejBPmRziQPOQUjZXa3QBVRie0Vyq7FTcHWSbenJSvPyFHvVf66vZjmkZMGipQ647nJsbPUBlOBZsUu6lmCdIRDljHUokR036W3zshp1bpkzBWtqQhufp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS0KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUdGG4C2+vEya5xXvolK9c8u16iwNKMAxnMAZeHAJNbiFOjSAgoAneIFX58F5dt6c91nrijOfOYI/cD5+AJvkkRc=</latexit>



�c1(3872) aka X(3872)
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Notable Decays

MPDG = 3871.69± 0.17 MeV

�PDG < 1.2MeV
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� = MD +MD⇤ �MX = 0.0± 180 keV

<latexit sha1_base64="LDixCsbBixh1r2BRZoYaDnvpDwQ="></latexit>
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Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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In all three cases we see an almost negligible effect on the
low lying states, while we do observe an improvement in
the signals for higher lying states in the basis without
[c̄q̄]Ḡ [cq]G . The same conclusion applies for overlaps.
The employed irreducible representation T++

1 con-
tains the states JPC = 1++ of interest, as well as
JPC = 3++ states due to the broken rotational sym-
metry. Upon inclusion of the interpolator Oc̄c

8 to the
basis [Eq. (9)] the spectra for both I = 0 channels re-
main essentially unchanged except for an additional level
at E ! 4.1−4.2 GeV [Eq. (11)]. This is where the earlier
simulation on the same ensemble [25] and the simula-
tion [47] have identified the only 3++ state in the energy
region of our interest. In the following subsections, we
present the spectra of JPC = 1++ states in three flavor
channels for the basis (Eq. (9)), where Oc̄c

8 is excluded.

A. I = 0 channel with flavor c̄c(ūu+ d̄d) and c̄c

This is the channel where the experimental X(3872)
resides. We will argue that the energy levels affected
by this state are n = 2 (red squares) and n = 6 (blue
circle) from Figure 3(a). The lowest state is the con-
ventional χc1(1P ). The overlaps of the three low-lying
levels represented by circles show dominant J/ψ(0)ω(0),
ηc(1)σ(−1) and χc1(0)σ(0) Fock components. The high-
est two states in Figure 3(a) have significant overlap with
the J/ψ(1)ω(−1) and D0(1)D̄∗

0(−1) operators.
Now we focus on the eigenstates that are related to

X(3872). The c̄c interpolators alone give an eigenstate
close to DD̄∗ threshold (right pane of Figure 5), but
one cannot establish whether this eigenstate is related
to X(3872) or to nearby two-meson states in this case.
Therefore we turn to the spectrum of the full optimized
basis [midpane in Figure 3(a)], where levels n = 2 (red
squares) and n=6 (blue circles) are found to have dom-
inant overlap with the c̄c and DD̄∗ operators. Exclud-
ing either of these operators results in disappearance of
one level and a shift in the other level towards the DD̄∗

threshold. We emphasize that one of the two levels re-
mains absent whenDD̄∗ and O4q are used and Oc̄c is not,
as is evident from the first and second panel from the left
of Figure 5. This indicates that the c̄c Fock component is
crucial for X(3872), while the [c̄q̄]Ḡ [cq]G structure alone
does not render it. This also implies a combined domi-
nance of c̄c and DD̄∗ operators in determining the posi-
tion of these two levels, while their resulting energies are
not significantly affected whether O4q is used in addition
or not.
We determine the DD̄∗ scattering phase shift from lev-

els n = 2, 6 via Lüscher’s relation [31] assuming elastic
scattering. The phase shift is interpolated near threshold
using the effective-range approximation. The eigenstate
n=6 (blue circle) is interpreted as the D(0)D̄∗(0) scat-
tering state, which is significantly shifted up due to a
large negative scattering length [48]. The resulting scat-
tering matrix T ∝ 1/(cot δ(p) − i) has a pole just below

X(3872) mX −ms.a. mX −mD0
−mD∗

0

Lat. 816(15) -8(15)

Lat. - O4q 815(8) -9(8)

LQCD [17] 815(7) -11(7)

LQCD [18] - -13(6)

Exp. 803(1) -0.11(21)

TABLE III. Mass of X(3872) with respect to ms.a. and the
D0D̄∗

0 threshold. Our estimates are from the correlated fits
to the corresponding eigenvalues using single exponential fit
form with and without diquark-antidiquark operators. Re-
sults from previous lattice QCD simulations [17, 18] and ex-
periment are also presented.

the threshold where cot δ(pB) = i is satisfied. We neglect
possible effects of the left-hand cut in the partial wave
amplitude. The results confirm a shallow bound state
just below the DD̄∗ threshold and the binding momen-
tum pB renders the mass of the bound state, interpreted
as experimentally observed X(3872). The resulting mass
of X(3872) and its binding energy are provided in Table
III and in Figure 7, which indicate that it is insensitive
to inclusion of diquark-antidiquark interpolators within
errors. The mass of X(3872) was extracted along these
lines for the first time in Ref. [17], where this channel
was studied in a smaller energy range on the same en-
semble without diquark-antidiquark interpolators. The
error on the binding energy in the present paper is larger
due to the larger interpolator basis. These results are
in agreement with a possible interpretation of X(3872),
where its properties are due to the accidental alignment
of a c̄c state with the D0D̄∗0 threshold [49, 50], but we
cannot rule out other options.
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With regard to the other experimentally observed
charmonia-like states [e.g. X(3940)], which could appear
in this channel, we do not find any candidate in addition
to the expected two-meson scattering levels. We also do
not find candidates for other c̄c states with JPC = 1++
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that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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In all three cases we see an almost negligible effect on the
low lying states, while we do observe an improvement in
the signals for higher lying states in the basis without
[c̄q̄]Ḡ [cq]G . The same conclusion applies for overlaps.
The employed irreducible representation T++

1 con-
tains the states JPC = 1++ of interest, as well as
JPC = 3++ states due to the broken rotational sym-
metry. Upon inclusion of the interpolator Oc̄c

8 to the
basis [Eq. (9)] the spectra for both I = 0 channels re-
main essentially unchanged except for an additional level
at E ! 4.1−4.2 GeV [Eq. (11)]. This is where the earlier
simulation on the same ensemble [25] and the simula-
tion [47] have identified the only 3++ state in the energy
region of our interest. In the following subsections, we
present the spectra of JPC = 1++ states in three flavor
channels for the basis (Eq. (9)), where Oc̄c

8 is excluded.

A. I = 0 channel with flavor c̄c(ūu+ d̄d) and c̄c

This is the channel where the experimental X(3872)
resides. We will argue that the energy levels affected
by this state are n = 2 (red squares) and n = 6 (blue
circle) from Figure 3(a). The lowest state is the con-
ventional χc1(1P ). The overlaps of the three low-lying
levels represented by circles show dominant J/ψ(0)ω(0),
ηc(1)σ(−1) and χc1(0)σ(0) Fock components. The high-
est two states in Figure 3(a) have significant overlap with
the J/ψ(1)ω(−1) and D0(1)D̄∗

0(−1) operators.
Now we focus on the eigenstates that are related to

X(3872). The c̄c interpolators alone give an eigenstate
close to DD̄∗ threshold (right pane of Figure 5), but
one cannot establish whether this eigenstate is related
to X(3872) or to nearby two-meson states in this case.
Therefore we turn to the spectrum of the full optimized
basis [midpane in Figure 3(a)], where levels n = 2 (red
squares) and n=6 (blue circles) are found to have dom-
inant overlap with the c̄c and DD̄∗ operators. Exclud-
ing either of these operators results in disappearance of
one level and a shift in the other level towards the DD̄∗

threshold. We emphasize that one of the two levels re-
mains absent whenDD̄∗ and O4q are used and Oc̄c is not,
as is evident from the first and second panel from the left
of Figure 5. This indicates that the c̄c Fock component is
crucial for X(3872), while the [c̄q̄]Ḡ [cq]G structure alone
does not render it. This also implies a combined domi-
nance of c̄c and DD̄∗ operators in determining the posi-
tion of these two levels, while their resulting energies are
not significantly affected whether O4q is used in addition
or not.
We determine the DD̄∗ scattering phase shift from lev-

els n = 2, 6 via Lüscher’s relation [31] assuming elastic
scattering. The phase shift is interpolated near threshold
using the effective-range approximation. The eigenstate
n=6 (blue circle) is interpreted as the D(0)D̄∗(0) scat-
tering state, which is significantly shifted up due to a
large negative scattering length [48]. The resulting scat-
tering matrix T ∝ 1/(cot δ(p) − i) has a pole just below

X(3872) mX −ms.a. mX −mD0
−mD∗

0

Lat. 816(15) -8(15)

Lat. - O4q 815(8) -9(8)

LQCD [17] 815(7) -11(7)

LQCD [18] - -13(6)

Exp. 803(1) -0.11(21)

TABLE III. Mass of X(3872) with respect to ms.a. and the
D0D̄∗

0 threshold. Our estimates are from the correlated fits
to the corresponding eigenvalues using single exponential fit
form with and without diquark-antidiquark operators. Re-
sults from previous lattice QCD simulations [17, 18] and ex-
periment are also presented.

the threshold where cot δ(pB) = i is satisfied. We neglect
possible effects of the left-hand cut in the partial wave
amplitude. The results confirm a shallow bound state
just below the DD̄∗ threshold and the binding momen-
tum pB renders the mass of the bound state, interpreted
as experimentally observed X(3872). The resulting mass
of X(3872) and its binding energy are provided in Table
III and in Figure 7, which indicate that it is insensitive
to inclusion of diquark-antidiquark interpolators within
errors. The mass of X(3872) was extracted along these
lines for the first time in Ref. [17], where this channel
was studied in a smaller energy range on the same en-
semble without diquark-antidiquark interpolators. The
error on the binding energy in the present paper is larger
due to the larger interpolator basis. These results are
in agreement with a possible interpretation of X(3872),
where its properties are due to the accidental alignment
of a c̄c state with the D0D̄∗0 threshold [49, 50], but we
cannot rule out other options.
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FIG. 7. Mass of X(3872) with respect to ms.a. from the
present simulation, previous lattice studies [17, 18] and ex-
periment [6].

With regard to the other experimentally observed
charmonia-like states [e.g. X(3940)], which could appear
in this channel, we do not find any candidate in addition
to the expected two-meson scattering levels. We also do
not find candidates for other c̄c states with JPC = 1++
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With regard to the other experimentally observed
charmonia-like states [e.g. X(3940)], which could appear
in this channel, we do not find any candidate in addition
to the expected two-meson scattering levels. We also do
not find candidates for other c̄c states with JPC = 1++

Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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IG = 0+

<latexit sha1_base64="+aQjJRz6gfIlQRgrVD+5C2BBE60=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoDmIAQ/qLYJ5SLIJs5PZZMjM7DIzK4SQr/DiQRGvfoXf4M2/cbLJQRMLGoqqbrq7gpgzbVz321lYXFpeWc2sZdc3Nre2czu7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC/tXYrz1SpVkk780gpr7AXclCRrCx0sNt6xpdILd13M7l3YKbAs0Tb0ryl5+QotzOfTU7EUkElYZwrHXDc2PjD7EyjHA6yjYTTWNM+rhLG5ZKLKj2h+nBI3RolQ4KI2VLGpSqvyeGWGg9EIHtFNj09Kw3Fv/zGokJz/0hk3FiqCSTRWHCkYnQ+HvUYYoSwweWYKKYvRWRHlaYGJtR1obgzb48T6onBe+0ULxz86XiJA3IwD4cwBF4cAYluIEyVICAgCd4gVdHOc/Om/M+aV1wpjN78AfOxw/5kY/2</latexit>

B(D0D
0⇤
) > 30%

<latexit sha1_base64="L4/jvY49rS1CwCoGEEbkTOzoedc=">AAACEXicbVC7SgNBFL0bXzG+olZiMxgC0SLsqqBpJGgKywjmAdkkzE4myZDZBzOzQlgW/AIbf8XGQhFbOzv/xtkkhUYPDBzOPffOvccJOJPKNL+M1MLi0vJKejWztr6xuZXd3qlLPxSE1ojPfdF0sKScebSmmOK0GQiKXYfThjO6SuqNOyok871bNQ5o28UDj/UZwUpL3WzBdrEaEsyjy7hQ6Zi2r93JsKgSdyLzKD5EF+jEtPPdbM4smhOgv8SakVx57x4SVLvZT7vnk9ClniIcS9myzEC1IywUI5zGGTuUNMBkhAe0pamHXSrb0eSiGOW10kN9X+jnKTRRf3ZE2JVy7Dramewv52uJ+F+tFar+eTtiXhAq6pHpR/2QI+WjJB7UY4ISxceaYCKY3hWRIRaYKB1iRodgzZ/8l9SPi9ZpsXSj0yjBFGnYhwMogAVnUIZrqEINCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN0GtnLQ=</latexit>



 Quantum Numbers

�c1(3872) aka X(3872)

<latexit sha1_base64="iO/0/89zKfklD18Iyq80uYospaw=">AAACB3icbVDLSgMxFL3js9bXqCsRJFiEuikzVWi7K7hxWcE+oC0lk6ZtaCYzJBmhDC0u3Pgrblwo4tZfcOffmGm70NYDF07OuZfce7yQM6Ud59taWV1b39hMbaW3d3b39u2Dw5oKIklolQQ8kA0PK8qZoFXNNKeNUFLse5zWveF14tfvqVQsEHd6FNK2j/uC9RjB2kgd+7RFBqwTE3ecvSwW8hdogocYoUlj9uzYGSfnTIGWiTsnmfLxAySodOyvVjcgkU+FJhwr1XSdULdjLDUjnI7TrUjREJMh7tOmoQL7VLXj6R1jdG6ULuoF0pTQaKr+noixr9TI90ynj/VALXqJ+J/XjHSv2I6ZCCNNBZl91Is40gFKQkFdJinRfGQIJpKZXREZYImJNtGlTQju4snLpJbPuVe50q1JowQzpOAEziALLhSgDDdQgSoQeIRneIU368l6sd6tj1nrijWfOYI/sD5/AKgJl1U=</latexit>

Notable Decays

MPDG = 3871.69± 0.17 MeV

�PDG < 1.2MeV

<latexit sha1_base64="dVQKZV6CJkck7o6lKMjIxzUA16E="></latexit>

B(⇡+⇡�J/ ) > 3.2%

<latexit sha1_base64="1/qOJcumLCV9gjdflhXMPyoSnas=">AAACDnicbVC7SgNBFL0bXzG+olZiMxgCETHuRkHTSNBGrCKYB2RjmJ1MkiGzD2ZmhbAE7G38FRsLRWyt7fwbZ5MUmnhghsM593LvPU7AmVSm+W0k5uYXFpeSy6mV1bX1jfTmVlX6oSC0Qnzui7qDJeXMoxXFFKf1QFDsOpzWnP5l7NfuqZDM927VIKBNF3c91mEEKy210lnbxapHMI8uhjk7YHcH8Xd4fWQHku2jc3ScL9jZVjpj5s0R0CyxJiRT2nmAGOVW+stu+yR0qacIx1I2LDNQzQgLxQinw5QdShpg0sdd2tDUwy6VzWh0zhBltdJGHV/o5yk0Un93RNiVcuA6ujJeXk57sfif1whV56wZMS8IFfXIeFAn5Ej5KM4GtZmgRPGBJpgIpndFpIcFJkonmNIhWNMnz5JqIW+d5Is3Oo0ijJGEXdiDHFhwCiW4gjJUgMAjPMMrvBlPxovxbnyMSxPGpGcb/sD4/AESIJrn</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

� = MD +MD⇤ �MX = 0.0± 180 keV

<latexit sha1_base64="LDixCsbBixh1r2BRZoYaDnvpDwQ="></latexit>

JPC = 1++

<latexit sha1_base64="XA0j+MLfrKnMBQGp1ASu6R8W7cI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAZBCIRdETQHMZCLeIpgHpBswuxkNhky+2BmNhCW/RMvHhTx6g/4Dd78GyebHDSxoKGo6qa7y404k8qyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHddmfmtChWRh8KimEXV8PAyYxwhWWuqb5n0vqddSdIPsXlIqpahvFq2ylQGtEntBirefkKHeN7+6g5DEPg0U4VjKjm1FykmwUIxwmha6saQRJmM8pB1NA+xT6STZ5Sk608oAeaHQFSiUqb8nEuxLOfVd3eljNZLL3kz8z+vEyrt2EhZEsaIBmS/yYo5UiGYxoAETlCg+1QQTwfStiIywwETpsAo6BHv55VXSvCjbl+XKg1WsVuZpQB5O4BTOwYYrqMId1KEBBCbwBC/waiTGs/FmvM9bc8Zi5hj+wPj4AWhjkvY=</latexit>

Q = 0

<latexit sha1_base64="YeMhY8Anb/8xmHdeGh3mxCREpaY=">AAAB7HicbVA9SwNBEJ2LXzF+RVPaLAbBKtwFQVMIARvLBLwkkBxhb7OXLNnbO3b3hHDkN9hYKGIr/hArSzt/hv/AvSSFJj4YeLw3w8w8P+ZMadv+snJr6xubW/ntws7u3v5B8fCopaJEEuqSiEey42NFORPU1Uxz2oklxaHPadsfX2d++45KxSJxqycx9UI8FCxgBGsjuU10hex+sWxX7BnQKnEWpFwvfb9XP9pvjX7xszeISBJSoQnHSnUdO9ZeiqVmhNNpoZcoGmMyxkPaNVTgkCovnR07RadGGaAgkqaERjP190SKQ6UmoW86Q6xHatnLxP+8bqKDSy9lIk40FWS+KEg40hHKPkcDJinRfGIIJpKZWxEZYYmJNvkUTAjO8surpFWtOOeVWtOkUYM58nAMJ3AGDlxAHW6gAS4QYHAPj/BkCevBerZe5q05azFTgj+wXn8Aq/aRrA==</latexit>

IG = 0+

<latexit sha1_base64="+aQjJRz6gfIlQRgrVD+5C2BBE60=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoDmIAQ/qLYJ5SLIJs5PZZMjM7DIzK4SQr/DiQRGvfoXf4M2/cbLJQRMLGoqqbrq7gpgzbVz321lYXFpeWc2sZdc3Nre2czu7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC/tXYrz1SpVkk780gpr7AXclCRrCx0sNt6xpdILd13M7l3YKbAs0Tb0ryl5+QotzOfTU7EUkElYZwrHXDc2PjD7EyjHA6yjYTTWNM+rhLG5ZKLKj2h+nBI3RolQ4KI2VLGpSqvyeGWGg9EIHtFNj09Kw3Fv/zGokJz/0hk3FiqCSTRWHCkYnQ+HvUYYoSwweWYKKYvRWRHlaYGJtR1obgzb48T6onBe+0ULxz86XiJA3IwD4cwBF4cAYluIEyVICAgCd4gVdHOc/Om/M+aV1wpjN78AfOxw/5kY/2</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

I = 1

<latexit sha1_base64="9uuFWdtKfVVWtwyiUyb7mNcyvik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDmIAS96i2gekCxhdtKbDJmdXWZmhRDyCV48KOLVD/EbvPk3TjY5aLSgoajqprsrSATXxnW/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4NfWbD6g0j+W9GSXoR7QvecgZNVa6u7nwusWSW3YzkL/Em5PS5QdkqHWLn51ezNIIpWGCat323MT4Y6oMZwInhU6qMaFsSPvYtlTSCLU/zk6dkCOr9EgYK1vSkEz9OTGmkdajKLCdETUDvehNxf+8dmrCc3/MZZIalGy2KEwFMTGZ/k16XCEzYmQJZYrbWwkbUEWZsekUbAje4st/SeOk7J2WK7duqVqZpQF5OIBDOAYPzqAK11CDOjDowyM8w4sjnCfn1Xmbteac+cw+/ILz/g3qO45N</latexit>

I = 0

<latexit sha1_base64="WAVl8+Ntm19LpMyYaIgYw2BhTLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDmIAS96i2gekCxhdtKbDJmdXWZmhRDyCV48KOLVD/EbvPk3TjY5aLSgoajqprsrSATXxnW/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4NfWbD6g0j+W9GSXoR7QvecgZNVa6u7lwu8WSW3YzkL/Em5PS5QdkqHWLn51ezNIIpWGCat323MT4Y6oMZwInhU6qMaFsSPvYtlTSCLU/zk6dkCOr9EgYK1vSkEz9OTGmkdajKLCdETUDvehNxf+8dmrCc3/MZZIalGy2KEwFMTGZ/k16XCEzYmQJZYrbWwkbUEWZsekUbAje4st/SeOk7J2WK7duqVqZpQF5OIBDOAYPzqAK11CDOjDowyM8w4sjnCfn1Xmbteac+cw+/ILz/g3ot45M</latexit>

B(D0D
0⇤
) > 30%

<latexit sha1_base64="L4/jvY49rS1CwCoGEEbkTOzoedc=">AAACEXicbVC7SgNBFL0bXzG+olZiMxgC0SLsqqBpJGgKywjmAdkkzE4myZDZBzOzQlgW/AIbf8XGQhFbOzv/xtkkhUYPDBzOPffOvccJOJPKNL+M1MLi0vJKejWztr6xuZXd3qlLPxSE1ojPfdF0sKScebSmmOK0GQiKXYfThjO6SuqNOyok871bNQ5o28UDj/UZwUpL3WzBdrEaEsyjy7hQ6Zi2r93JsKgSdyLzKD5EF+jEtPPdbM4smhOgv8SakVx57x4SVLvZT7vnk9ClniIcS9myzEC1IywUI5zGGTuUNMBkhAe0pamHXSrb0eSiGOW10kN9X+jnKTRRf3ZE2JVy7Dramewv52uJ+F+tFar+eTtiXhAq6pHpR/2QI+WjJB7UY4ISxceaYCKY3hWRIRaYKB1iRodgzZ/8l9SPi9ZpsXSj0yjBFGnYhwMogAVnUIZrqEINCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN0GtnLQ=</latexit>



 Quantum Numbers

�c1(3872) aka X(3872)

<latexit sha1_base64="iO/0/89zKfklD18Iyq80uYospaw=">AAACB3icbVDLSgMxFL3js9bXqCsRJFiEuikzVWi7K7hxWcE+oC0lk6ZtaCYzJBmhDC0u3Pgrblwo4tZfcOffmGm70NYDF07OuZfce7yQM6Ud59taWV1b39hMbaW3d3b39u2Dw5oKIklolQQ8kA0PK8qZoFXNNKeNUFLse5zWveF14tfvqVQsEHd6FNK2j/uC9RjB2kgd+7RFBqwTE3ecvSwW8hdogocYoUlj9uzYGSfnTIGWiTsnmfLxAySodOyvVjcgkU+FJhwr1XSdULdjLDUjnI7TrUjREJMh7tOmoQL7VLXj6R1jdG6ULuoF0pTQaKr+noixr9TI90ynj/VALXqJ+J/XjHSv2I6ZCCNNBZl91Is40gFKQkFdJinRfGQIJpKZXREZYImJNtGlTQju4snLpJbPuVe50q1JowQzpOAEziALLhSgDDdQgSoQeIRneIU368l6sd6tj1nrijWfOYI/sD5/AKgJl1U=</latexit>

Notable Decays

MPDG = 3871.69± 0.17 MeV

�PDG < 1.2MeV

<latexit sha1_base64="dVQKZV6CJkck7o6lKMjIxzUA16E="></latexit>

B(⇡+⇡�J/ ) > 3.2%

<latexit sha1_base64="1/qOJcumLCV9gjdflhXMPyoSnas=">AAACDnicbVC7SgNBFL0bXzG+olZiMxgCETHuRkHTSNBGrCKYB2RjmJ1MkiGzD2ZmhbAE7G38FRsLRWyt7fwbZ5MUmnhghsM593LvPU7AmVSm+W0k5uYXFpeSy6mV1bX1jfTmVlX6oSC0Qnzui7qDJeXMoxXFFKf1QFDsOpzWnP5l7NfuqZDM927VIKBNF3c91mEEKy210lnbxapHMI8uhjk7YHcH8Xd4fWQHku2jc3ScL9jZVjpj5s0R0CyxJiRT2nmAGOVW+stu+yR0qacIx1I2LDNQzQgLxQinw5QdShpg0sdd2tDUwy6VzWh0zhBltdJGHV/o5yk0Un93RNiVcuA6ujJeXk57sfif1whV56wZMS8IFfXIeFAn5Ej5KM4GtZmgRPGBJpgIpndFpIcFJkonmNIhWNMnz5JqIW+d5Is3Oo0ijJGEXdiDHFhwCiW4gjJUgMAjPMMrvBlPxovxbnyMSxPGpGcb/sD4/AESIJrn</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

� = MD +MD⇤ �MX = 0.0± 180 keV

<latexit sha1_base64="LDixCsbBixh1r2BRZoYaDnvpDwQ="></latexit>

JPC = 1++

<latexit sha1_base64="XA0j+MLfrKnMBQGp1ASu6R8W7cI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAZBCIRdETQHMZCLeIpgHpBswuxkNhky+2BmNhCW/RMvHhTx6g/4Dd78GyebHDSxoKGo6qa7y404k8qyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHddmfmtChWRh8KimEXV8PAyYxwhWWuqb5n0vqddSdIPsXlIqpahvFq2ylQGtEntBirefkKHeN7+6g5DEPg0U4VjKjm1FykmwUIxwmha6saQRJmM8pB1NA+xT6STZ5Sk608oAeaHQFSiUqb8nEuxLOfVd3eljNZLL3kz8z+vEyrt2EhZEsaIBmS/yYo5UiGYxoAETlCg+1QQTwfStiIywwETpsAo6BHv55VXSvCjbl+XKg1WsVuZpQB5O4BTOwYYrqMId1KEBBCbwBC/waiTGs/FmvM9bc8Zi5hj+wPj4AWhjkvY=</latexit>

Q = 0

<latexit sha1_base64="YeMhY8Anb/8xmHdeGh3mxCREpaY=">AAAB7HicbVA9SwNBEJ2LXzF+RVPaLAbBKtwFQVMIARvLBLwkkBxhb7OXLNnbO3b3hHDkN9hYKGIr/hArSzt/hv/AvSSFJj4YeLw3w8w8P+ZMadv+snJr6xubW/ntws7u3v5B8fCopaJEEuqSiEey42NFORPU1Uxz2oklxaHPadsfX2d++45KxSJxqycx9UI8FCxgBGsjuU10hex+sWxX7BnQKnEWpFwvfb9XP9pvjX7xszeISBJSoQnHSnUdO9ZeiqVmhNNpoZcoGmMyxkPaNVTgkCovnR07RadGGaAgkqaERjP190SKQ6UmoW86Q6xHatnLxP+8bqKDSy9lIk40FWS+KEg40hHKPkcDJinRfGIIJpKZWxEZYYmJNvkUTAjO8surpFWtOOeVWtOkUYM58nAMJ3AGDlxAHW6gAS4QYHAPj/BkCevBerZe5q05azFTgj+wXn8Aq/aRrA==</latexit>

IG = 0+

<latexit sha1_base64="+aQjJRz6gfIlQRgrVD+5C2BBE60=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoDmIAQ/qLYJ5SLIJs5PZZMjM7DIzK4SQr/DiQRGvfoXf4M2/cbLJQRMLGoqqbrq7gpgzbVz321lYXFpeWc2sZdc3Nre2czu7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC/tXYrz1SpVkk780gpr7AXclCRrCx0sNt6xpdILd13M7l3YKbAs0Tb0ryl5+QotzOfTU7EUkElYZwrHXDc2PjD7EyjHA6yjYTTWNM+rhLG5ZKLKj2h+nBI3RolQ4KI2VLGpSqvyeGWGg9EIHtFNj09Kw3Fv/zGokJz/0hk3FiqCSTRWHCkYnQ+HvUYYoSwweWYKKYvRWRHlaYGJtR1obgzb48T6onBe+0ULxz86XiJA3IwD4cwBF4cAYluIEyVICAgCd4gVdHOc/Om/M+aV1wpjN78AfOxw/5kY/2</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

I = 1

<latexit sha1_base64="9uuFWdtKfVVWtwyiUyb7mNcyvik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDmIAS96i2gekCxhdtKbDJmdXWZmhRDyCV48KOLVD/EbvPk3TjY5aLSgoajqprsrSATXxnW/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4NfWbD6g0j+W9GSXoR7QvecgZNVa6u7nwusWSW3YzkL/Em5PS5QdkqHWLn51ezNIIpWGCat323MT4Y6oMZwInhU6qMaFsSPvYtlTSCLU/zk6dkCOr9EgYK1vSkEz9OTGmkdajKLCdETUDvehNxf+8dmrCc3/MZZIalGy2KEwFMTGZ/k16XCEzYmQJZYrbWwkbUEWZsekUbAje4st/SeOk7J2WK7duqVqZpQF5OIBDOAYPzqAK11CDOjDowyM8w4sjnCfn1Xmbteac+cw+/ILz/g3qO45N</latexit>

I = 0

<latexit sha1_base64="WAVl8+Ntm19LpMyYaIgYw2BhTLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDmIAS96i2gekCxhdtKbDJmdXWZmhRDyCV48KOLVD/EbvPk3TjY5aLSgoajqprsrSATXxnW/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4NfWbD6g0j+W9GSXoR7QvecgZNVa6u7lwu8WSW3YzkL/Em5PS5QdkqHWLn51ezNIIpWGCat323MT4Y6oMZwInhU6qMaFsSPvYtlTSCLU/zk6dkCOr9EgYK1vSkEz9OTGmkdajKLCdETUDvehNxf+8dmrCc3/MZZIalGy2KEwFMTGZ/k16XCEzYmQJZYrbWwkbUEWZsekUbAje4st/SeOk7J2WK7duqVqZpQF5OIBDOAYPzqAK11CDOjDowyM8w4sjnCfn1Xmbteac+cw+/ILz/g3ot45M</latexit>

B(D0D
0⇤
) > 30%

<latexit sha1_base64="L4/jvY49rS1CwCoGEEbkTOzoedc=">AAACEXicbVC7SgNBFL0bXzG+olZiMxgC0SLsqqBpJGgKywjmAdkkzE4myZDZBzOzQlgW/AIbf8XGQhFbOzv/xtkkhUYPDBzOPffOvccJOJPKNL+M1MLi0vJKejWztr6xuZXd3qlLPxSE1ojPfdF0sKScebSmmOK0GQiKXYfThjO6SuqNOyok871bNQ5o28UDj/UZwUpL3WzBdrEaEsyjy7hQ6Zi2r93JsKgSdyLzKD5EF+jEtPPdbM4smhOgv8SakVx57x4SVLvZT7vnk9ClniIcS9myzEC1IywUI5zGGTuUNMBkhAe0pamHXSrb0eSiGOW10kN9X+jnKTRRf3ZE2JVy7Dramewv52uJ+F+tFar+eTtiXhAq6pHpR/2QI+WjJB7UY4ISxceaYCKY3hWRIRaYKB1iRodgzZ/8l9SPi9ZpsXSj0yjBFGnYhwMogAVnUIZrqEINCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN0GtnLQ=</latexit>

Kinematically Allowed since 5 
MeV               and           = 150 MeV< MX

<latexit sha1_base64="yGvLiMpPyt7BdCFGqukdyAT5BGM=">AAAB7HicbVA9SwNBEJ2LXzHGGLW0WQyCVbgTIREsAjY2QgQvCSRH2NvsJUv29o7dPSEcKa1tLBSx9ZfY2NqJv0Vw81Fo4oOBx3szzMzzY86Utu1PK7Oyura+kd3MbeW3CzvF3b2GihJJqEsiHsmWjxXlTFBXM81pK5YUhz6nTX94MfGbt1QqFokbPYqpF+K+YAEjWBvJPUdX3Va3WLLL9hRomThzUqrl7wrf729f9W7xo9OLSBJSoQnHSrUdO9ZeiqVmhNNxrpMoGmMyxH3aNlTgkCovnR47RkdG6aEgkqaERlP190SKQ6VGoW86Q6wHatGbiP957UQHVS9lIk40FWS2KEg40hGafI56TFKi+cgQTCQztyIywBITbfLJmRCcxZeXSeOk7JyWz65NGhWYIQsHcAjH4EAFanAJdXCBAIN7eIQnS1gP1rP1MmvNWPOZffgD6/UHlEGSTQ==</latexit>

�(⇢)

<latexit sha1_base64="gijyOCgDndRuKW0/luH3wYqaG+k=">AAAB83icbVC7SgNBFJ31GeMramFhMxiE2IRdEaJdwELLCOYB2SXMTmaTIfNY5iGEJd9gZ2OhiK0/4SfY+SPWTh6FJh64cDjnXu69J04Z1cb3v7yl5ZXVtfXcRn5za3tnt7C339DSKkzqWDKpWjHShFFB6oYaRlqpIojHjDTjwdXYb94TpakUd2aYkoijnqAJxcg4KQyvEeeoFKq+PO0Uin7ZnwAukmBGitVD+/EQlr5rncJn2JXYciIMZkjrduCnJsqQMhQzMsqHVpMU4QHqkbajAnGio2xy8wieOKULE6lcCQMn6u+JDHGthzx2nRyZvp73xuJ/Xtua5CLKqEitIQJPFyWWQSPhOADYpYpgw4aOIKyouxXiPlIIGxdT3oUQzL+8SBpn5eC8fHnr0qiAKXLgCByDEghABVTBDaiBOsAgBY/gGbx41nvyXr23aeuSN5s5AH/gvf8AEN+Uuw==</latexit>



Kinematically Suppressed as 7 
MeV              and           = 8 MeV> MX

<latexit sha1_base64="DHqCSFvEb/47/MXtp2Y3ITQa8hQ=">AAAB7HicbVA9SwNBEJ2LXzHGGLW0WQyCVbgTIbGRgI2NEMFLAskR9jZ7yZK9vWN3TwhHSmsbC0Vs/SU2tnbibxHcfBSa+GDg8d4MM/P8mDOlbfvTyqysrq1vZDdzW/ntwk5xd6+hokQS6pKIR7LlY0U5E9TVTHPaiiXFoc9p0x9eTPzmLZWKReJGj2LqhbgvWMAI1kZyz9FVt9UtluyyPQVaJs6clGr5u8L3+9tXvVv86PQikoRUaMKxUm3HjrWXYqkZ4XSc6ySKxpgMcZ+2DRU4pMpLp8eO0ZFReiiIpCmh0VT9PZHiUKlR6JvOEOuBWvQm4n9eO9FB1UuZiBNNBZktChKOdIQmn6Mek5RoPjIEE8nMrYgMsMREm3xyJgRn8eVl0jgpO6fls2uTRgVmyMIBHMIxOFCBGlxCHVwgwOAeHuHJEtaD9Wy9zFoz1nxmH/7Aev0Bl1GSTw==</latexit>

 Quantum Numbers

�c1(3872) aka X(3872)

<latexit sha1_base64="iO/0/89zKfklD18Iyq80uYospaw=">AAACB3icbVDLSgMxFL3js9bXqCsRJFiEuikzVWi7K7hxWcE+oC0lk6ZtaCYzJBmhDC0u3Pgrblwo4tZfcOffmGm70NYDF07OuZfce7yQM6Ud59taWV1b39hMbaW3d3b39u2Dw5oKIklolQQ8kA0PK8qZoFXNNKeNUFLse5zWveF14tfvqVQsEHd6FNK2j/uC9RjB2kgd+7RFBqwTE3ecvSwW8hdogocYoUlj9uzYGSfnTIGWiTsnmfLxAySodOyvVjcgkU+FJhwr1XSdULdjLDUjnI7TrUjREJMh7tOmoQL7VLXj6R1jdG6ULuoF0pTQaKr+noixr9TI90ynj/VALXqJ+J/XjHSv2I6ZCCNNBZl91Is40gFKQkFdJinRfGQIJpKZXREZYImJNtGlTQju4snLpJbPuVe50q1JowQzpOAEziALLhSgDDdQgSoQeIRneIU368l6sd6tj1nrijWfOYI/sD5/AKgJl1U=</latexit>

Notable Decays

MPDG = 3871.69± 0.17 MeV

�PDG < 1.2MeV

<latexit sha1_base64="dVQKZV6CJkck7o6lKMjIxzUA16E="></latexit>

B(⇡+⇡�J/ ) > 3.2%

<latexit sha1_base64="1/qOJcumLCV9gjdflhXMPyoSnas=">AAACDnicbVC7SgNBFL0bXzG+olZiMxgCETHuRkHTSNBGrCKYB2RjmJ1MkiGzD2ZmhbAE7G38FRsLRWyt7fwbZ5MUmnhghsM593LvPU7AmVSm+W0k5uYXFpeSy6mV1bX1jfTmVlX6oSC0Qnzui7qDJeXMoxXFFKf1QFDsOpzWnP5l7NfuqZDM927VIKBNF3c91mEEKy210lnbxapHMI8uhjk7YHcH8Xd4fWQHku2jc3ScL9jZVjpj5s0R0CyxJiRT2nmAGOVW+stu+yR0qacIx1I2LDNQzQgLxQinw5QdShpg0sdd2tDUwy6VzWh0zhBltdJGHV/o5yk0Un93RNiVcuA6ujJeXk57sfif1whV56wZMS8IFfXIeFAn5Ej5KM4GtZmgRPGBJpgIpndFpIcFJkonmNIhWNMnz5JqIW+d5Is3Oo0ijJGEXdiDHFhwCiW4gjJUgMAjPMMrvBlPxovxbnyMSxPGpGcb/sD4/AESIJrn</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

� = MD +MD⇤ �MX = 0.0± 180 keV

<latexit sha1_base64="LDixCsbBixh1r2BRZoYaDnvpDwQ="></latexit>

JPC = 1++

<latexit sha1_base64="XA0j+MLfrKnMBQGp1ASu6R8W7cI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAZBCIRdETQHMZCLeIpgHpBswuxkNhky+2BmNhCW/RMvHhTx6g/4Dd78GyebHDSxoKGo6qa7y404k8qyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHddmfmtChWRh8KimEXV8PAyYxwhWWuqb5n0vqddSdIPsXlIqpahvFq2ylQGtEntBirefkKHeN7+6g5DEPg0U4VjKjm1FykmwUIxwmha6saQRJmM8pB1NA+xT6STZ5Sk608oAeaHQFSiUqb8nEuxLOfVd3eljNZLL3kz8z+vEyrt2EhZEsaIBmS/yYo5UiGYxoAETlCg+1QQTwfStiIywwETpsAo6BHv55VXSvCjbl+XKg1WsVuZpQB5O4BTOwYYrqMId1KEBBCbwBC/waiTGs/FmvM9bc8Zi5hj+wPj4AWhjkvY=</latexit>

Q = 0

<latexit sha1_base64="YeMhY8Anb/8xmHdeGh3mxCREpaY=">AAAB7HicbVA9SwNBEJ2LXzF+RVPaLAbBKtwFQVMIARvLBLwkkBxhb7OXLNnbO3b3hHDkN9hYKGIr/hArSzt/hv/AvSSFJj4YeLw3w8w8P+ZMadv+snJr6xubW/ntws7u3v5B8fCopaJEEuqSiEey42NFORPU1Uxz2oklxaHPadsfX2d++45KxSJxqycx9UI8FCxgBGsjuU10hex+sWxX7BnQKnEWpFwvfb9XP9pvjX7xszeISBJSoQnHSnUdO9ZeiqVmhNNpoZcoGmMyxkPaNVTgkCovnR07RadGGaAgkqaERjP190SKQ6UmoW86Q6xHatnLxP+8bqKDSy9lIk40FWS+KEg40hHKPkcDJinRfGIIJpKZWxEZYYmJNvkUTAjO8surpFWtOOeVWtOkUYM58nAMJ3AGDlxAHW6gAS4QYHAPj/BkCevBerZe5q05azFTgj+wXn8Aq/aRrA==</latexit>

IG = 0+

<latexit sha1_base64="+aQjJRz6gfIlQRgrVD+5C2BBE60=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoDmIAQ/qLYJ5SLIJs5PZZMjM7DIzK4SQr/DiQRGvfoXf4M2/cbLJQRMLGoqqbrq7gpgzbVz321lYXFpeWc2sZdc3Nre2czu7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC/tXYrz1SpVkk780gpr7AXclCRrCx0sNt6xpdILd13M7l3YKbAs0Tb0ryl5+QotzOfTU7EUkElYZwrHXDc2PjD7EyjHA6yjYTTWNM+rhLG5ZKLKj2h+nBI3RolQ4KI2VLGpSqvyeGWGg9EIHtFNj09Kw3Fv/zGokJz/0hk3FiqCSTRWHCkYnQ+HvUYYoSwweWYKKYvRWRHlaYGJtR1obgzb48T6onBe+0ULxz86XiJA3IwD4cwBF4cAYluIEyVICAgCd4gVdHOc/Om/M+aV1wpjN78AfOxw/5kY/2</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

I = 1

<latexit sha1_base64="9uuFWdtKfVVWtwyiUyb7mNcyvik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDmIAS96i2gekCxhdtKbDJmdXWZmhRDyCV48KOLVD/EbvPk3TjY5aLSgoajqprsrSATXxnW/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4NfWbD6g0j+W9GSXoR7QvecgZNVa6u7nwusWSW3YzkL/Em5PS5QdkqHWLn51ezNIIpWGCat323MT4Y6oMZwInhU6qMaFsSPvYtlTSCLU/zk6dkCOr9EgYK1vSkEz9OTGmkdajKLCdETUDvehNxf+8dmrCc3/MZZIalGy2KEwFMTGZ/k16XCEzYmQJZYrbWwkbUEWZsekUbAje4st/SeOk7J2WK7duqVqZpQF5OIBDOAYPzqAK11CDOjDowyM8w4sjnCfn1Xmbteac+cw+/ILz/g3qO45N</latexit>

I = 0

<latexit sha1_base64="WAVl8+Ntm19LpMyYaIgYw2BhTLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDmIAS96i2gekCxhdtKbDJmdXWZmhRDyCV48KOLVD/EbvPk3TjY5aLSgoajqprsrSATXxnW/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4NfWbD6g0j+W9GSXoR7QvecgZNVa6u7lwu8WSW3YzkL/Em5PS5QdkqHWLn51ezNIIpWGCat323MT4Y6oMZwInhU6qMaFsSPvYtlTSCLU/zk6dkCOr9EgYK1vSkEz9OTGmkdajKLCdETUDvehNxf+8dmrCc3/MZZIalGy2KEwFMTGZ/k16XCEzYmQJZYrbWwkbUEWZsekUbAje4st/SeOk7J2WK7duqVqZpQF5OIBDOAYPzqAK11CDOjDowyM8w4sjnCfn1Xmbteac+cw+/ILz/g3ot45M</latexit>

B(D0D
0⇤
) > 30%

<latexit sha1_base64="L4/jvY49rS1CwCoGEEbkTOzoedc=">AAACEXicbVC7SgNBFL0bXzG+olZiMxgC0SLsqqBpJGgKywjmAdkkzE4myZDZBzOzQlgW/AIbf8XGQhFbOzv/xtkkhUYPDBzOPffOvccJOJPKNL+M1MLi0vJKejWztr6xuZXd3qlLPxSE1ojPfdF0sKScebSmmOK0GQiKXYfThjO6SuqNOyok871bNQ5o28UDj/UZwUpL3WzBdrEaEsyjy7hQ6Zi2r93JsKgSdyLzKD5EF+jEtPPdbM4smhOgv8SakVx57x4SVLvZT7vnk9ClniIcS9myzEC1IywUI5zGGTuUNMBkhAe0pamHXSrb0eSiGOW10kN9X+jnKTRRf3ZE2JVy7Dramewv52uJ+F+tFar+eTtiXhAq6pHpR/2QI+WjJB7UY4ISxceaYCKY3hWRIRaYKB1iRodgzZ/8l9SPi9ZpsXSj0yjBFGnYhwMogAVnUIZrqEINCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN0GtnLQ=</latexit>

Kinematically Allowed since 5 
MeV               and           = 150 MeV< MX

<latexit sha1_base64="yGvLiMpPyt7BdCFGqukdyAT5BGM=">AAAB7HicbVA9SwNBEJ2LXzHGGLW0WQyCVbgTIREsAjY2QgQvCSRH2NvsJUv29o7dPSEcKa1tLBSx9ZfY2NqJv0Vw81Fo4oOBx3szzMzzY86Utu1PK7Oyura+kd3MbeW3CzvF3b2GihJJqEsiHsmWjxXlTFBXM81pK5YUhz6nTX94MfGbt1QqFokbPYqpF+K+YAEjWBvJPUdX3Va3WLLL9hRomThzUqrl7wrf729f9W7xo9OLSBJSoQnHSrUdO9ZeiqVmhNNxrpMoGmMyxH3aNlTgkCovnR47RkdG6aEgkqaERlP190SKQ6VGoW86Q6wHatGbiP957UQHVS9lIk40FWS2KEg40hGafI56TFKi+cgQTCQztyIywBITbfLJmRCcxZeXSeOk7JyWz65NGhWYIQsHcAjH4EAFanAJdXCBAIN7eIQnS1gP1rP1MmvNWPOZffgD6/UHlEGSTQ==</latexit>

�(⇢)

<latexit sha1_base64="gijyOCgDndRuKW0/luH3wYqaG+k=">AAAB83icbVC7SgNBFJ31GeMramFhMxiE2IRdEaJdwELLCOYB2SXMTmaTIfNY5iGEJd9gZ2OhiK0/4SfY+SPWTh6FJh64cDjnXu69J04Z1cb3v7yl5ZXVtfXcRn5za3tnt7C339DSKkzqWDKpWjHShFFB6oYaRlqpIojHjDTjwdXYb94TpakUd2aYkoijnqAJxcg4KQyvEeeoFKq+PO0Uin7ZnwAukmBGitVD+/EQlr5rncJn2JXYciIMZkjrduCnJsqQMhQzMsqHVpMU4QHqkbajAnGio2xy8wieOKULE6lcCQMn6u+JDHGthzx2nRyZvp73xuJ/Xtua5CLKqEitIQJPFyWWQSPhOADYpYpgw4aOIKyouxXiPlIIGxdT3oUQzL+8SBpn5eC8fHnr0qiAKXLgCByDEghABVTBDaiBOsAgBY/gGbx41nvyXr23aeuSN5s5AH/gvf8AEN+Uuw==</latexit>

�(!)

<latexit sha1_base64="Fpc4/3VOkltfmZ7SgsYGK7WXrKY=">AAAB9XicbVC7SgNBFJ31GeMramFhMxiE2IRdEaJdwELLCOYB2TXcncwmQ2Z2lplZJYR8g62NhSK2/oOfYOePWDt5FJp44MLhnHu5954w4Uwb1/1yFhaXlldWM2vZ9Y3Nre3czm5Ny1QRWiWSS9UIQVPOYlo1zHDaSBQFEXJaD3sXI79+R5VmMr4x/YQGAjoxixgBY6Vb/xKEgIIvBe3AcSuXd4vuGHieeFOSL++nHw9+4bvSyn36bUlSQWNDOGjd9NzEBANQhhFOh1k/1TQB0oMObVoag6A6GIyvHuIjq7RxJJWt2OCx+ntiAELrvghtpwDT1bPeSPzPa6YmOgsGLE5SQ2MyWRSlHBuJRxHgNlOUGN63BIhi9lZMuqCAGBtU1obgzb48T2onRe+0eH5t0yihCTLoAB2iAvJQCZXRFaqgKiJIoUf0jF6ce+fJeXXeJq0LznRmD/2B8/4DhxKVjw==</latexit>



Kinematically Suppressed as 7 
MeV              and           = 8 MeV> MX

<latexit sha1_base64="DHqCSFvEb/47/MXtp2Y3ITQa8hQ=">AAAB7HicbVA9SwNBEJ2LXzHGGLW0WQyCVbgTIbGRgI2NEMFLAskR9jZ7yZK9vWN3TwhHSmsbC0Vs/SU2tnbibxHcfBSa+GDg8d4MM/P8mDOlbfvTyqysrq1vZDdzW/ntwk5xd6+hokQS6pKIR7LlY0U5E9TVTHPaiiXFoc9p0x9eTPzmLZWKReJGj2LqhbgvWMAI1kZyz9FVt9UtluyyPQVaJs6clGr5u8L3+9tXvVv86PQikoRUaMKxUm3HjrWXYqkZ4XSc6ySKxpgMcZ+2DRU4pMpLp8eO0ZFReiiIpCmh0VT9PZHiUKlR6JvOEOuBWvQm4n9eO9FB1UuZiBNNBZktChKOdIQmn6Mek5RoPjIEE8nMrYgMsMREm3xyJgRn8eVl0jgpO6fls2uTRgVmyMIBHMIxOFCBGlxCHVwgwOAeHuHJEtaD9Wy9zFoz1nxmH/7Aev0Bl1GSTw==</latexit>

 Quantum Numbers

�c1(3872) aka X(3872)

<latexit sha1_base64="iO/0/89zKfklD18Iyq80uYospaw=">AAACB3icbVDLSgMxFL3js9bXqCsRJFiEuikzVWi7K7hxWcE+oC0lk6ZtaCYzJBmhDC0u3Pgrblwo4tZfcOffmGm70NYDF07OuZfce7yQM6Ud59taWV1b39hMbaW3d3b39u2Dw5oKIklolQQ8kA0PK8qZoFXNNKeNUFLse5zWveF14tfvqVQsEHd6FNK2j/uC9RjB2kgd+7RFBqwTE3ecvSwW8hdogocYoUlj9uzYGSfnTIGWiTsnmfLxAySodOyvVjcgkU+FJhwr1XSdULdjLDUjnI7TrUjREJMh7tOmoQL7VLXj6R1jdG6ULuoF0pTQaKr+noixr9TI90ynj/VALXqJ+J/XjHSv2I6ZCCNNBZl91Is40gFKQkFdJinRfGQIJpKZXREZYImJNtGlTQju4snLpJbPuVe50q1JowQzpOAEziALLhSgDDdQgSoQeIRneIU368l6sd6tj1nrijWfOYI/sD5/AKgJl1U=</latexit>

Notable Decays

MPDG = 3871.69± 0.17 MeV

�PDG < 1.2MeV

<latexit sha1_base64="dVQKZV6CJkck7o6lKMjIxzUA16E="></latexit>

B(⇡+⇡�J/ ) > 3.2%

<latexit sha1_base64="1/qOJcumLCV9gjdflhXMPyoSnas=">AAACDnicbVC7SgNBFL0bXzG+olZiMxgCETHuRkHTSNBGrCKYB2RjmJ1MkiGzD2ZmhbAE7G38FRsLRWyt7fwbZ5MUmnhghsM593LvPU7AmVSm+W0k5uYXFpeSy6mV1bX1jfTmVlX6oSC0Qnzui7qDJeXMoxXFFKf1QFDsOpzWnP5l7NfuqZDM927VIKBNF3c91mEEKy210lnbxapHMI8uhjk7YHcH8Xd4fWQHku2jc3ScL9jZVjpj5s0R0CyxJiRT2nmAGOVW+stu+yR0qacIx1I2LDNQzQgLxQinw5QdShpg0sdd2tDUwy6VzWh0zhBltdJGHV/o5yk0Un93RNiVcuA6ujJeXk57sfif1whV56wZMS8IFfXIeFAn5Ej5KM4GtZmgRPGBJpgIpndFpIcFJkonmNIhWNMnz5JqIW+d5Is3Oo0ijJGEXdiDHFhwCiW4gjJUgMAjPMMrvBlPxovxbnyMSxPGpGcb/sD4/AESIJrn</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

� = MD +MD⇤ �MX = 0.0± 180 keV

<latexit sha1_base64="LDixCsbBixh1r2BRZoYaDnvpDwQ="></latexit>

JPC = 1++

<latexit sha1_base64="XA0j+MLfrKnMBQGp1ASu6R8W7cI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAZBCIRdETQHMZCLeIpgHpBswuxkNhky+2BmNhCW/RMvHhTx6g/4Dd78GyebHDSxoKGo6qa7y404k8qyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHddmfmtChWRh8KimEXV8PAyYxwhWWuqb5n0vqddSdIPsXlIqpahvFq2ylQGtEntBirefkKHeN7+6g5DEPg0U4VjKjm1FykmwUIxwmha6saQRJmM8pB1NA+xT6STZ5Sk608oAeaHQFSiUqb8nEuxLOfVd3eljNZLL3kz8z+vEyrt2EhZEsaIBmS/yYo5UiGYxoAETlCg+1QQTwfStiIywwETpsAo6BHv55VXSvCjbl+XKg1WsVuZpQB5O4BTOwYYrqMId1KEBBCbwBC/waiTGs/FmvM9bc8Zi5hj+wPj4AWhjkvY=</latexit>

Q = 0

<latexit sha1_base64="YeMhY8Anb/8xmHdeGh3mxCREpaY=">AAAB7HicbVA9SwNBEJ2LXzF+RVPaLAbBKtwFQVMIARvLBLwkkBxhb7OXLNnbO3b3hHDkN9hYKGIr/hArSzt/hv/AvSSFJj4YeLw3w8w8P+ZMadv+snJr6xubW/ntws7u3v5B8fCopaJEEuqSiEey42NFORPU1Uxz2oklxaHPadsfX2d++45KxSJxqycx9UI8FCxgBGsjuU10hex+sWxX7BnQKnEWpFwvfb9XP9pvjX7xszeISBJSoQnHSnUdO9ZeiqVmhNNpoZcoGmMyxkPaNVTgkCovnR07RadGGaAgkqaERjP190SKQ6UmoW86Q6xHatnLxP+8bqKDSy9lIk40FWS+KEg40hHKPkcDJinRfGIIJpKZWxEZYYmJNvkUTAjO8surpFWtOOeVWtOkUYM58nAMJ3AGDlxAHW6gAS4QYHAPj/BkCevBerZe5q05azFTgj+wXn8Aq/aRrA==</latexit>

IG = 0+

<latexit sha1_base64="+aQjJRz6gfIlQRgrVD+5C2BBE60=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoDmIAQ/qLYJ5SLIJs5PZZMjM7DIzK4SQr/DiQRGvfoXf4M2/cbLJQRMLGoqqbrq7gpgzbVz321lYXFpeWc2sZdc3Nre2czu7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC/tXYrz1SpVkk780gpr7AXclCRrCx0sNt6xpdILd13M7l3YKbAs0Tb0ryl5+QotzOfTU7EUkElYZwrHXDc2PjD7EyjHA6yjYTTWNM+rhLG5ZKLKj2h+nBI3RolQ4KI2VLGpSqvyeGWGg9EIHtFNj09Kw3Fv/zGokJz/0hk3FiqCSTRWHCkYnQ+HvUYYoSwweWYKKYvRWRHlaYGJtR1obgzb48T6onBe+0ULxz86XiJA3IwD4cwBF4cAYluIEyVICAgCd4gVdHOc/Om/M+aV1wpjN78AfOxw/5kY/2</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

I = 1

<latexit sha1_base64="9uuFWdtKfVVWtwyiUyb7mNcyvik=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDmIAS96i2gekCxhdtKbDJmdXWZmhRDyCV48KOLVD/EbvPk3TjY5aLSgoajqprsrSATXxnW/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4NfWbD6g0j+W9GSXoR7QvecgZNVa6u7nwusWSW3YzkL/Em5PS5QdkqHWLn51ezNIIpWGCat323MT4Y6oMZwInhU6qMaFsSPvYtlTSCLU/zk6dkCOr9EgYK1vSkEz9OTGmkdajKLCdETUDvehNxf+8dmrCc3/MZZIalGy2KEwFMTGZ/k16XCEzYmQJZYrbWwkbUEWZsekUbAje4st/SeOk7J2WK7duqVqZpQF5OIBDOAYPzqAK11CDOjDowyM8w4sjnCfn1Xmbteac+cw+/ILz/g3qO45N</latexit>

I = 0

<latexit sha1_base64="WAVl8+Ntm19LpMyYaIgYw2BhTLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDmIAS96i2gekCxhdtKbDJmdXWZmhRDyCV48KOLVD/EbvPk3TjY5aLSgoajqprsrSATXxnW/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4NfWbD6g0j+W9GSXoR7QvecgZNVa6u7lwu8WSW3YzkL/Em5PS5QdkqHWLn51ezNIIpWGCat323MT4Y6oMZwInhU6qMaFsSPvYtlTSCLU/zk6dkCOr9EgYK1vSkEz9OTGmkdajKLCdETUDvehNxf+8dmrCc3/MZZIalGy2KEwFMTGZ/k16XCEzYmQJZYrbWwkbUEWZsekUbAje4st/SeOk7J2WK7duqVqZpQF5OIBDOAYPzqAK11CDOjDowyM8w4sjnCfn1Xmbteac+cw+/ILz/g3ot45M</latexit>

B(D0D
0⇤
) > 30%

<latexit sha1_base64="L4/jvY49rS1CwCoGEEbkTOzoedc=">AAACEXicbVC7SgNBFL0bXzG+olZiMxgC0SLsqqBpJGgKywjmAdkkzE4myZDZBzOzQlgW/AIbf8XGQhFbOzv/xtkkhUYPDBzOPffOvccJOJPKNL+M1MLi0vJKejWztr6xuZXd3qlLPxSE1ojPfdF0sKScebSmmOK0GQiKXYfThjO6SuqNOyok871bNQ5o28UDj/UZwUpL3WzBdrEaEsyjy7hQ6Zi2r93JsKgSdyLzKD5EF+jEtPPdbM4smhOgv8SakVx57x4SVLvZT7vnk9ClniIcS9myzEC1IywUI5zGGTuUNMBkhAe0pamHXSrb0eSiGOW10kN9X+jnKTRRf3ZE2JVy7Dramewv52uJ+F+tFar+eTtiXhAq6pHpR/2QI+WjJB7UY4ISxceaYCKY3hWRIRaYKB1iRodgzZ/8l9SPi9ZpsXSj0yjBFGnYhwMogAVnUIZrqEINCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN0GtnLQ=</latexit>

 X(3872) is          , if molecular then ~
 Isospin violations occurs in decays due to 8 MeV mass difference between 

    and                 (arxiv:1711.01930)

|D0D̄0⇤i+ |D+D⇤�i+ c.c.

<latexit sha1_base64="9cI7JBQuNOum2Z0R/EMcCu0GFNs="></latexit>

I = 0

<latexit sha1_base64="WAVl8+Ntm19LpMyYaIgYw2BhTLo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDmIAS96i2gekCxhdtKbDJmdXWZmhRDyCV48KOLVD/EbvPk3TjY5aLSgoajqprsrSATXxnW/nNzS8srqWn69sLG5tb1T3N1r6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4NfWbD6g0j+W9GSXoR7QvecgZNVa6u7lwu8WSW3YzkL/Em5PS5QdkqHWLn51ezNIIpWGCat323MT4Y6oMZwInhU6qMaFsSPvYtlTSCLU/zk6dkCOr9EgYK1vSkEz9OTGmkdajKLCdETUDvehNxf+8dmrCc3/MZZIalGy2KEwFMTGZ/k16XCEzYmQJZYrbWwkbUEWZsekUbAje4st/SeOk7J2WK7duqVqZpQF5OIBDOAYPzqAK11CDOjDowyM8w4sjnCfn1Xmbteac+cw+/ILz/g3ot45M</latexit>

|D0D̄0⇤i

<latexit sha1_base64="N5GpBv58PxJL2884SHQ3x3ShS2Q=">AAACAXicbVDLSsNAFJ3UV62vqAsFN4NFKC5KIkJ1V7ALlxXsA5q0TKaTduhkEmYmQolx4wf4E25cKOLWnZ/gzh9x7fSx0NYDFw7n3Mu993gRo1JZ1peRWVhcWl7JrubW1jc2t8ztnboMY4FJDYcsFE0PScIoJzVFFSPNSBAUeIw0vMHFyG/cECFpyK/VMCJugHqc+hQjpaWOuX9baVuOh0RSSduJdZw6AvEeI7Bj5q2iNQacJ/aU5Mt78ceDU/iudsxPpxviOCBcYYakbNlWpNwECUUxI2nOiSWJEB6gHmlpylFApJuMP0jhkVa60A+FLq7gWP09kaBAymHg6c4Aqb6c9Ubif14rVv6Zm1AexYpwPFnkxwyqEI7igF0qCFZsqAnCgupbIe4jgbDSoeV0CPbsy/OkflK0T4vnVzqNEpggCw7AISgAG5RAGVyCKqgBDO7AI3gGL8a98WS8Gm+T1owxndkFf2C8/wB2tJnv</latexit>

|D+D̄⇤�i

<latexit sha1_base64="S4I8mYGFhzXKqBUbMYEQlXfRfP0=">AAACAXicbVDLSsNAFJ3UV62vqAsFN4NFKIolEaG6K9iFywr2AU1aJtNJO3QyCTMTocS68QP8CTcuFHHrzk9w54+4dvpYaOuBC4dz7uXee7yIUaks68tIzc0vLC6llzMrq2vrG+bmVlWGscCkgkMWirqHJGGUk4qiipF6JAgKPEZqXu9i6NduiJA05NeqHxE3QB1OfYqR0lLL3L0tNY8cD4mkNGgmh8cDRyDeYQS2zKyVt0aAs8SekGxxJ/54cHLf5Zb56bRDHAeEK8yQlA3bipSbIKEoZmSQcWJJIoR7qEMamnIUEOkmow8G8EArbeiHQhdXcKT+nkhQIGU/8HRngFRXTntD8T+vESv/zE0oj2JFOB4v8mMGVQiHccA2FQQr1tcEYUH1rRB3kUBY6dAyOgR7+uVZUj3J26f58yudRgGMkQZ7YB/kgA0KoAguQRlUAAZ34BE8gxfj3ngyXo23cWvKmMxsgz8w3n8Aag+Z5w==</latexit>

Kinematically Allowed since 5 
MeV               and           = 150 MeV< MX

<latexit sha1_base64="yGvLiMpPyt7BdCFGqukdyAT5BGM=">AAAB7HicbVA9SwNBEJ2LXzHGGLW0WQyCVbgTIREsAjY2QgQvCSRH2NvsJUv29o7dPSEcKa1tLBSx9ZfY2NqJv0Vw81Fo4oOBx3szzMzzY86Utu1PK7Oyura+kd3MbeW3CzvF3b2GihJJqEsiHsmWjxXlTFBXM81pK5YUhz6nTX94MfGbt1QqFokbPYqpF+K+YAEjWBvJPUdX3Va3WLLL9hRomThzUqrl7wrf729f9W7xo9OLSBJSoQnHSrUdO9ZeiqVmhNNxrpMoGmMyxH3aNlTgkCovnR47RkdG6aEgkqaERlP190SKQ6VGoW86Q6wHatGbiP957UQHVS9lIk40FWS2KEg40hGafI56TFKi+cgQTCQztyIywBITbfLJmRCcxZeXSeOk7JyWz65NGhWYIQsHcAjH4EAFanAJdXCBAIN7eIQnS1gP1rP1MmvNWPOZffgD6/UHlEGSTQ==</latexit>

�(⇢)

<latexit sha1_base64="gijyOCgDndRuKW0/luH3wYqaG+k=">AAAB83icbVC7SgNBFJ31GeMramFhMxiE2IRdEaJdwELLCOYB2SXMTmaTIfNY5iGEJd9gZ2OhiK0/4SfY+SPWTh6FJh64cDjnXu69J04Z1cb3v7yl5ZXVtfXcRn5za3tnt7C339DSKkzqWDKpWjHShFFB6oYaRlqpIojHjDTjwdXYb94TpakUd2aYkoijnqAJxcg4KQyvEeeoFKq+PO0Uin7ZnwAukmBGitVD+/EQlr5rncJn2JXYciIMZkjrduCnJsqQMhQzMsqHVpMU4QHqkbajAnGio2xy8wieOKULE6lcCQMn6u+JDHGthzx2nRyZvp73xuJ/Xtua5CLKqEitIQJPFyWWQSPhOADYpYpgw4aOIKyouxXiPlIIGxdT3oUQzL+8SBpn5eC8fHnr0qiAKXLgCByDEghABVTBDaiBOsAgBY/gGbx41nvyXr23aeuSN5s5AH/gvf8AEN+Uuw==</latexit>

�(!)

<latexit sha1_base64="Fpc4/3VOkltfmZ7SgsYGK7WXrKY=">AAAB9XicbVC7SgNBFJ31GeMramFhMxiE2IRdEaJdwELLCOYB2TXcncwmQ2Z2lplZJYR8g62NhSK2/oOfYOePWDt5FJp44MLhnHu5954w4Uwb1/1yFhaXlldWM2vZ9Y3Nre3czm5Ny1QRWiWSS9UIQVPOYlo1zHDaSBQFEXJaD3sXI79+R5VmMr4x/YQGAjoxixgBY6Vb/xKEgIIvBe3AcSuXd4vuGHieeFOSL++nHw9+4bvSyn36bUlSQWNDOGjd9NzEBANQhhFOh1k/1TQB0oMObVoag6A6GIyvHuIjq7RxJJWt2OCx+ntiAELrvghtpwDT1bPeSPzPa6YmOgsGLE5SQ2MyWRSlHBuJRxHgNlOUGN63BIhi9lZMuqCAGBtU1obgzb48T2onRe+0eH5t0yihCTLoAB2iAvJQCZXRFaqgKiJIoUf0jF6ce+fJeXXeJq0LznRmD/2B8/4DhxKVjw==</latexit>

https://arxiv.org/abs/1711.01930


 Quantum Numbers

�c1(3872) aka X(3872)

<latexit sha1_base64="iO/0/89zKfklD18Iyq80uYospaw=">AAACB3icbVDLSgMxFL3js9bXqCsRJFiEuikzVWi7K7hxWcE+oC0lk6ZtaCYzJBmhDC0u3Pgrblwo4tZfcOffmGm70NYDF07OuZfce7yQM6Ud59taWV1b39hMbaW3d3b39u2Dw5oKIklolQQ8kA0PK8qZoFXNNKeNUFLse5zWveF14tfvqVQsEHd6FNK2j/uC9RjB2kgd+7RFBqwTE3ecvSwW8hdogocYoUlj9uzYGSfnTIGWiTsnmfLxAySodOyvVjcgkU+FJhwr1XSdULdjLDUjnI7TrUjREJMh7tOmoQL7VLXj6R1jdG6ULuoF0pTQaKr+noixr9TI90ynj/VALXqJ+J/XjHSv2I6ZCCNNBZl91Is40gFKQkFdJinRfGQIJpKZXREZYImJNtGlTQju4snLpJbPuVe50q1JowQzpOAEziALLhSgDDdQgSoQeIRneIU368l6sd6tj1nrijWfOYI/sD5/AKgJl1U=</latexit>

Notable Decays

MPDG = 3871.69± 0.17 MeV

�PDG < 1.2MeV

<latexit sha1_base64="dVQKZV6CJkck7o6lKMjIxzUA16E="></latexit>

B(⇡+⇡�J/ ) > 3.2%

<latexit sha1_base64="1/qOJcumLCV9gjdflhXMPyoSnas=">AAACDnicbVC7SgNBFL0bXzG+olZiMxgCETHuRkHTSNBGrCKYB2RjmJ1MkiGzD2ZmhbAE7G38FRsLRWyt7fwbZ5MUmnhghsM593LvPU7AmVSm+W0k5uYXFpeSy6mV1bX1jfTmVlX6oSC0Qnzui7qDJeXMoxXFFKf1QFDsOpzWnP5l7NfuqZDM927VIKBNF3c91mEEKy210lnbxapHMI8uhjk7YHcH8Xd4fWQHku2jc3ScL9jZVjpj5s0R0CyxJiRT2nmAGOVW+stu+yR0qacIx1I2LDNQzQgLxQinw5QdShpg0sdd2tDUwy6VzWh0zhBltdJGHV/o5yk0Un93RNiVcuA6ujJeXk57sfif1whV56wZMS8IFfXIeFAn5Ej5KM4GtZmgRPGBJpgIpndFpIcFJkonmNIhWNMnz5JqIW+d5Is3Oo0ijJGEXdiDHFhwCiW4gjJUgMAjPMMrvBlPxovxbnyMSxPGpGcb/sD4/AESIJrn</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

� = MD +MD⇤ �MX = 0.0± 180 keV

<latexit sha1_base64="LDixCsbBixh1r2BRZoYaDnvpDwQ="></latexit>

JPC = 1++

<latexit sha1_base64="XA0j+MLfrKnMBQGp1ASu6R8W7cI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAZBCIRdETQHMZCLeIpgHpBswuxkNhky+2BmNhCW/RMvHhTx6g/4Dd78GyebHDSxoKGo6qa7y404k8qyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHddmfmtChWRh8KimEXV8PAyYxwhWWuqb5n0vqddSdIPsXlIqpahvFq2ylQGtEntBirefkKHeN7+6g5DEPg0U4VjKjm1FykmwUIxwmha6saQRJmM8pB1NA+xT6STZ5Sk608oAeaHQFSiUqb8nEuxLOfVd3eljNZLL3kz8z+vEyrt2EhZEsaIBmS/yYo5UiGYxoAETlCg+1QQTwfStiIywwETpsAo6BHv55VXSvCjbl+XKg1WsVuZpQB5O4BTOwYYrqMId1KEBBCbwBC/waiTGs/FmvM9bc8Zi5hj+wPj4AWhjkvY=</latexit>

Q = 0

<latexit sha1_base64="YeMhY8Anb/8xmHdeGh3mxCREpaY=">AAAB7HicbVA9SwNBEJ2LXzF+RVPaLAbBKtwFQVMIARvLBLwkkBxhb7OXLNnbO3b3hHDkN9hYKGIr/hArSzt/hv/AvSSFJj4YeLw3w8w8P+ZMadv+snJr6xubW/ntws7u3v5B8fCopaJEEuqSiEey42NFORPU1Uxz2oklxaHPadsfX2d++45KxSJxqycx9UI8FCxgBGsjuU10hex+sWxX7BnQKnEWpFwvfb9XP9pvjX7xszeISBJSoQnHSnUdO9ZeiqVmhNNpoZcoGmMyxkPaNVTgkCovnR07RadGGaAgkqaERjP190SKQ6UmoW86Q6xHatnLxP+8bqKDSy9lIk40FWS+KEg40hHKPkcDJinRfGIIJpKZWxEZYYmJNvkUTAjO8surpFWtOOeVWtOkUYM58nAMJ3AGDlxAHW6gAS4QYHAPj/BkCevBerZe5q05azFTgj+wXn8Aq/aRrA==</latexit>

IG = 0+

<latexit sha1_base64="+aQjJRz6gfIlQRgrVD+5C2BBE60=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoDmIAQ/qLYJ5SLIJs5PZZMjM7DIzK4SQr/DiQRGvfoXf4M2/cbLJQRMLGoqqbrq7gpgzbVz321lYXFpeWc2sZdc3Nre2czu7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC/tXYrz1SpVkk780gpr7AXclCRrCx0sNt6xpdILd13M7l3YKbAs0Tb0ryl5+QotzOfTU7EUkElYZwrHXDc2PjD7EyjHA6yjYTTWNM+rhLG5ZKLKj2h+nBI3RolQ4KI2VLGpSqvyeGWGg9EIHtFNj09Kw3Fv/zGokJz/0hk3FiqCSTRWHCkYnQ+HvUYYoSwweWYKKYvRWRHlaYGJtR1obgzb48T6onBe+0ULxz86XiJA3IwD4cwBF4cAYluIEyVICAgCd4gVdHOc/Om/M+aV1wpjN78AfOxw/5kY/2</latexit>

B(D0D
0⇤
) > 30%

<latexit sha1_base64="L4/jvY49rS1CwCoGEEbkTOzoedc=">AAACEXicbVC7SgNBFL0bXzG+olZiMxgC0SLsqqBpJGgKywjmAdkkzE4myZDZBzOzQlgW/AIbf8XGQhFbOzv/xtkkhUYPDBzOPffOvccJOJPKNL+M1MLi0vJKejWztr6xuZXd3qlLPxSE1ojPfdF0sKScebSmmOK0GQiKXYfThjO6SuqNOyok871bNQ5o28UDj/UZwUpL3WzBdrEaEsyjy7hQ6Zi2r93JsKgSdyLzKD5EF+jEtPPdbM4smhOgv8SakVx57x4SVLvZT7vnk9ClniIcS9myzEC1IywUI5zGGTuUNMBkhAe0pamHXSrb0eSiGOW10kN9X+jnKTRRf3ZE2JVy7Dramewv52uJ+F+tFar+eTtiXhAq6pHpR/2QI+WjJB7UY4ISxceaYCKY3hWRIRaYKB1iRodgzZ/8l9SPi9ZpsXSj0yjBFGnYhwMogAVnUIZrqEINCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN0GtnLQ=</latexit>

 Pole Structure: arxiv:2005.13419
•    Pure Cusp ruled out. • Virtual or Bound State Compatible With Data

https://arxiv.org/pdf/2005.13419.pdf


 Quantum Numbers

�c1(3872) aka X(3872)

<latexit sha1_base64="iO/0/89zKfklD18Iyq80uYospaw=">AAACB3icbVDLSgMxFL3js9bXqCsRJFiEuikzVWi7K7hxWcE+oC0lk6ZtaCYzJBmhDC0u3Pgrblwo4tZfcOffmGm70NYDF07OuZfce7yQM6Ud59taWV1b39hMbaW3d3b39u2Dw5oKIklolQQ8kA0PK8qZoFXNNKeNUFLse5zWveF14tfvqVQsEHd6FNK2j/uC9RjB2kgd+7RFBqwTE3ecvSwW8hdogocYoUlj9uzYGSfnTIGWiTsnmfLxAySodOyvVjcgkU+FJhwr1XSdULdjLDUjnI7TrUjREJMh7tOmoQL7VLXj6R1jdG6ULuoF0pTQaKr+noixr9TI90ynj/VALXqJ+J/XjHSv2I6ZCCNNBZl91Is40gFKQkFdJinRfGQIJpKZXREZYImJNtGlTQju4snLpJbPuVe50q1JowQzpOAEziALLhSgDDdQgSoQeIRneIU368l6sd6tj1nrijWfOYI/sD5/AKgJl1U=</latexit>

Notable Decays

MPDG = 3871.69± 0.17 MeV

�PDG < 1.2MeV

<latexit sha1_base64="dVQKZV6CJkck7o6lKMjIxzUA16E="></latexit>

B(⇡+⇡�J/ ) > 3.2%

<latexit sha1_base64="1/qOJcumLCV9gjdflhXMPyoSnas=">AAACDnicbVC7SgNBFL0bXzG+olZiMxgCETHuRkHTSNBGrCKYB2RjmJ1MkiGzD2ZmhbAE7G38FRsLRWyt7fwbZ5MUmnhghsM593LvPU7AmVSm+W0k5uYXFpeSy6mV1bX1jfTmVlX6oSC0Qnzui7qDJeXMoxXFFKf1QFDsOpzWnP5l7NfuqZDM927VIKBNF3c91mEEKy210lnbxapHMI8uhjk7YHcH8Xd4fWQHku2jc3ScL9jZVjpj5s0R0CyxJiRT2nmAGOVW+stu+yR0qacIx1I2LDNQzQgLxQinw5QdShpg0sdd2tDUwy6VzWh0zhBltdJGHV/o5yk0Un93RNiVcuA6ujJeXk57sfif1whV56wZMS8IFfXIeFAn5Ej5KM4GtZmgRPGBJpgIpndFpIcFJkonmNIhWNMnz5JqIW+d5Is3Oo0ijJGEXdiDHFhwCiW4gjJUgMAjPMMrvBlPxovxbnyMSxPGpGcb/sD4/AESIJrn</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

� = MD +MD⇤ �MX = 0.0± 180 keV

<latexit sha1_base64="LDixCsbBixh1r2BRZoYaDnvpDwQ="></latexit>

JPC = 1++

<latexit sha1_base64="XA0j+MLfrKnMBQGp1ASu6R8W7cI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAZBCIRdETQHMZCLeIpgHpBswuxkNhky+2BmNhCW/RMvHhTx6g/4Dd78GyebHDSxoKGo6qa7y404k8qyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHddmfmtChWRh8KimEXV8PAyYxwhWWuqb5n0vqddSdIPsXlIqpahvFq2ylQGtEntBirefkKHeN7+6g5DEPg0U4VjKjm1FykmwUIxwmha6saQRJmM8pB1NA+xT6STZ5Sk608oAeaHQFSiUqb8nEuxLOfVd3eljNZLL3kz8z+vEyrt2EhZEsaIBmS/yYo5UiGYxoAETlCg+1QQTwfStiIywwETpsAo6BHv55VXSvCjbl+XKg1WsVuZpQB5O4BTOwYYrqMId1KEBBCbwBC/waiTGs/FmvM9bc8Zi5hj+wPj4AWhjkvY=</latexit>

Q = 0

<latexit sha1_base64="YeMhY8Anb/8xmHdeGh3mxCREpaY=">AAAB7HicbVA9SwNBEJ2LXzF+RVPaLAbBKtwFQVMIARvLBLwkkBxhb7OXLNnbO3b3hHDkN9hYKGIr/hArSzt/hv/AvSSFJj4YeLw3w8w8P+ZMadv+snJr6xubW/ntws7u3v5B8fCopaJEEuqSiEey42NFORPU1Uxz2oklxaHPadsfX2d++45KxSJxqycx9UI8FCxgBGsjuU10hex+sWxX7BnQKnEWpFwvfb9XP9pvjX7xszeISBJSoQnHSnUdO9ZeiqVmhNNpoZcoGmMyxkPaNVTgkCovnR07RadGGaAgkqaERjP190SKQ6UmoW86Q6xHatnLxP+8bqKDSy9lIk40FWS+KEg40hHKPkcDJinRfGIIJpKZWxEZYYmJNvkUTAjO8surpFWtOOeVWtOkUYM58nAMJ3AGDlxAHW6gAS4QYHAPj/BkCevBerZe5q05azFTgj+wXn8Aq/aRrA==</latexit>

IG = 0+

<latexit sha1_base64="+aQjJRz6gfIlQRgrVD+5C2BBE60=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoDmIAQ/qLYJ5SLIJs5PZZMjM7DIzK4SQr/DiQRGvfoXf4M2/cbLJQRMLGoqqbrq7gpgzbVz321lYXFpeWc2sZdc3Nre2czu7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC/tXYrz1SpVkk780gpr7AXclCRrCx0sNt6xpdILd13M7l3YKbAs0Tb0ryl5+QotzOfTU7EUkElYZwrHXDc2PjD7EyjHA6yjYTTWNM+rhLG5ZKLKj2h+nBI3RolQ4KI2VLGpSqvyeGWGg9EIHtFNj09Kw3Fv/zGokJz/0hk3FiqCSTRWHCkYnQ+HvUYYoSwweWYKKYvRWRHlaYGJtR1obgzb48T6onBe+0ULxz86XiJA3IwD4cwBF4cAYluIEyVICAgCd4gVdHOc/Om/M+aV1wpjN78AfOxw/5kY/2</latexit>

B(D0D
0⇤
) > 30%

<latexit sha1_base64="L4/jvY49rS1CwCoGEEbkTOzoedc=">AAACEXicbVC7SgNBFL0bXzG+olZiMxgC0SLsqqBpJGgKywjmAdkkzE4myZDZBzOzQlgW/AIbf8XGQhFbOzv/xtkkhUYPDBzOPffOvccJOJPKNL+M1MLi0vJKejWztr6xuZXd3qlLPxSE1ojPfdF0sKScebSmmOK0GQiKXYfThjO6SuqNOyok871bNQ5o28UDj/UZwUpL3WzBdrEaEsyjy7hQ6Zi2r93JsKgSdyLzKD5EF+jEtPPdbM4smhOgv8SakVx57x4SVLvZT7vnk9ClniIcS9myzEC1IywUI5zGGTuUNMBkhAe0pamHXSrb0eSiGOW10kN9X+jnKTRRf3ZE2JVy7Dramewv52uJ+F+tFar+eTtiXhAq6pHpR/2QI+WjJB7UY4ISxceaYCKY3hWRIRaYKB1iRodgzZ/8l9SPi9ZpsXSj0yjBFGnYhwMogAVnUIZrqEINCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN0GtnLQ=</latexit>

 Triangle Singularity gives 
enhancement. Order of 
magnitude more precise 

   (arxiv:1902.11221)
�

<latexit sha1_base64="npSlRFCa19VbiAndrP+nzAz7LIc=">AAAB7XicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZEaoLseDGZQV7gbaUTCbTxmaSMTkjlKHv4MaFIm5c+BS+hBvxbUxbF9r6Q+Dj/88h55wgEdyA5305uYXFpeWV/Kq7tr6xuVXY3qkblWrKalQJpZsBMUxwyWrAQbBmohmJA8EaweBinDfumDZcyWsYJqwTk57kEacErFVvh0wA6RaKXsmbCM+D/wPF8/fk9dM9u612Cx/tUNE0ZhKoIMa0fC+BTkY0cCrYyG2nhiWEDkiPtSxKEjPTySbTjvCBdUIcKW2fBDxxf3dkJDZmGAe2MibQN7PZ2Pwva6UQnXQyLpMUmKTTj6JUYFB4vDoOuWYUxNACoZrbWTHtE00o2AO59gj+7MrzUD8q+cel0yuvWCmjqfJoD+2jQ+SjMqqgS1RFNUTRDbpHj+jJUc6D8+y8TEtzzk/PLvoj5+0bcFeStw==</latexit>

• Virtual or Bound State Compatible With Data
 Pole Structure: arxiv:2005.13419
•    Pure Cusp ruled out. 

https://arxiv.org/abs/1902.11221
https://arxiv.org/pdf/2005.13419.pdf


 Quantum Numbers

�c1(3872) aka X(3872)

<latexit sha1_base64="iO/0/89zKfklD18Iyq80uYospaw=">AAACB3icbVDLSgMxFL3js9bXqCsRJFiEuikzVWi7K7hxWcE+oC0lk6ZtaCYzJBmhDC0u3Pgrblwo4tZfcOffmGm70NYDF07OuZfce7yQM6Ud59taWV1b39hMbaW3d3b39u2Dw5oKIklolQQ8kA0PK8qZoFXNNKeNUFLse5zWveF14tfvqVQsEHd6FNK2j/uC9RjB2kgd+7RFBqwTE3ecvSwW8hdogocYoUlj9uzYGSfnTIGWiTsnmfLxAySodOyvVjcgkU+FJhwr1XSdULdjLDUjnI7TrUjREJMh7tOmoQL7VLXj6R1jdG6ULuoF0pTQaKr+noixr9TI90ynj/VALXqJ+J/XjHSv2I6ZCCNNBZl91Is40gFKQkFdJinRfGQIJpKZXREZYImJNtGlTQju4snLpJbPuVe50q1JowQzpOAEziALLhSgDDdQgSoQeIRneIU368l6sd6tj1nrijWfOYI/sD5/AKgJl1U=</latexit>

Notable Decays

MPDG = 3871.69± 0.17 MeV

�PDG < 1.2MeV

<latexit sha1_base64="dVQKZV6CJkck7o6lKMjIxzUA16E="></latexit>

B(⇡+⇡�J/ ) > 3.2%

<latexit sha1_base64="1/qOJcumLCV9gjdflhXMPyoSnas=">AAACDnicbVC7SgNBFL0bXzG+olZiMxgCETHuRkHTSNBGrCKYB2RjmJ1MkiGzD2ZmhbAE7G38FRsLRWyt7fwbZ5MUmnhghsM593LvPU7AmVSm+W0k5uYXFpeSy6mV1bX1jfTmVlX6oSC0Qnzui7qDJeXMoxXFFKf1QFDsOpzWnP5l7NfuqZDM927VIKBNF3c91mEEKy210lnbxapHMI8uhjk7YHcH8Xd4fWQHku2jc3ScL9jZVjpj5s0R0CyxJiRT2nmAGOVW+stu+yR0qacIx1I2LDNQzQgLxQinw5QdShpg0sdd2tDUwy6VzWh0zhBltdJGHV/o5yk0Un93RNiVcuA6ujJeXk57sfif1whV56wZMS8IFfXIeFAn5Ej5KM4GtZmgRPGBJpgIpndFpIcFJkonmNIhWNMnz5JqIW+d5Is3Oo0ijJGEXdiDHFhwCiW4gjJUgMAjPMMrvBlPxovxbnyMSxPGpGcb/sD4/AESIJrn</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

� = MD +MD⇤ �MX = 0.0± 180 keV

<latexit sha1_base64="LDixCsbBixh1r2BRZoYaDnvpDwQ="></latexit>

JPC = 1++

<latexit sha1_base64="XA0j+MLfrKnMBQGp1ASu6R8W7cI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAZBCIRdETQHMZCLeIpgHpBswuxkNhky+2BmNhCW/RMvHhTx6g/4Dd78GyebHDSxoKGo6qa7y404k8qyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHddmfmtChWRh8KimEXV8PAyYxwhWWuqb5n0vqddSdIPsXlIqpahvFq2ylQGtEntBirefkKHeN7+6g5DEPg0U4VjKjm1FykmwUIxwmha6saQRJmM8pB1NA+xT6STZ5Sk608oAeaHQFSiUqb8nEuxLOfVd3eljNZLL3kz8z+vEyrt2EhZEsaIBmS/yYo5UiGYxoAETlCg+1QQTwfStiIywwETpsAo6BHv55VXSvCjbl+XKg1WsVuZpQB5O4BTOwYYrqMId1KEBBCbwBC/waiTGs/FmvM9bc8Zi5hj+wPj4AWhjkvY=</latexit>

Q = 0

<latexit sha1_base64="YeMhY8Anb/8xmHdeGh3mxCREpaY=">AAAB7HicbVA9SwNBEJ2LXzF+RVPaLAbBKtwFQVMIARvLBLwkkBxhb7OXLNnbO3b3hHDkN9hYKGIr/hArSzt/hv/AvSSFJj4YeLw3w8w8P+ZMadv+snJr6xubW/ntws7u3v5B8fCopaJEEuqSiEey42NFORPU1Uxz2oklxaHPadsfX2d++45KxSJxqycx9UI8FCxgBGsjuU10hex+sWxX7BnQKnEWpFwvfb9XP9pvjX7xszeISBJSoQnHSnUdO9ZeiqVmhNNpoZcoGmMyxkPaNVTgkCovnR07RadGGaAgkqaERjP190SKQ6UmoW86Q6xHatnLxP+8bqKDSy9lIk40FWS+KEg40hHKPkcDJinRfGIIJpKZWxEZYYmJNvkUTAjO8surpFWtOOeVWtOkUYM58nAMJ3AGDlxAHW6gAS4QYHAPj/BkCevBerZe5q05azFTgj+wXn8Aq/aRrA==</latexit>

IG = 0+

<latexit sha1_base64="+aQjJRz6gfIlQRgrVD+5C2BBE60=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoDmIAQ/qLYJ5SLIJs5PZZMjM7DIzK4SQr/DiQRGvfoXf4M2/cbLJQRMLGoqqbrq7gpgzbVz321lYXFpeWc2sZdc3Nre2czu7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC/tXYrz1SpVkk780gpr7AXclCRrCx0sNt6xpdILd13M7l3YKbAs0Tb0ryl5+QotzOfTU7EUkElYZwrHXDc2PjD7EyjHA6yjYTTWNM+rhLG5ZKLKj2h+nBI3RolQ4KI2VLGpSqvyeGWGg9EIHtFNj09Kw3Fv/zGokJz/0hk3FiqCSTRWHCkYnQ+HvUYYoSwweWYKKYvRWRHlaYGJtR1obgzb48T6onBe+0ULxz86XiJA3IwD4cwBF4cAYluIEyVICAgCd4gVdHOc/Om/M+aV1wpjN78AfOxw/5kY/2</latexit>

B(D0D
0⇤
) > 30%

<latexit sha1_base64="L4/jvY49rS1CwCoGEEbkTOzoedc=">AAACEXicbVC7SgNBFL0bXzG+olZiMxgC0SLsqqBpJGgKywjmAdkkzE4myZDZBzOzQlgW/AIbf8XGQhFbOzv/xtkkhUYPDBzOPffOvccJOJPKNL+M1MLi0vJKejWztr6xuZXd3qlLPxSE1ojPfdF0sKScebSmmOK0GQiKXYfThjO6SuqNOyok871bNQ5o28UDj/UZwUpL3WzBdrEaEsyjy7hQ6Zi2r93JsKgSdyLzKD5EF+jEtPPdbM4smhOgv8SakVx57x4SVLvZT7vnk9ClniIcS9myzEC1IywUI5zGGTuUNMBkhAe0pamHXSrb0eSiGOW10kN9X+jnKTRRf3ZE2JVy7Dramewv52uJ+F+tFar+eTtiXhAq6pHpR/2QI+WjJB7UY4ISxceaYCKY3hWRIRaYKB1iRodgzZ/8l9SPi9ZpsXSj0yjBFGnYhwMogAVnUIZrqEINCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN0GtnLQ=</latexit>

 Triangle Singularity gives 
enhancement. Order of 
magnitude more precise 

   (arxiv:1902.11221)
Needs large number of low 
energy D0⇤D̄0⇤

<latexit sha1_base64="CoZso9AnjoulCvKG90plGtiiOKE=">AAAB+3icbZDLSsNAFIYn9VbjLdalm8EiiIuSiFBdiAW7cFnBXqCNZTKdtEMnkzgzEUvIq7jpQhG3Ln0JN+LbOE270NYfBj7+cw7nzO9FjEpl299Gbml5ZXUtv25ubG5t71i7hYYMY4FJHYcsFC0PScIoJ3VFFSOtSBAUeIw0veHVpN58IELSkN+qUUTcAPU59SlGSltdq1C9S+zjtOMhkVTTjLtW0S7ZmeAiODMoXn5E4y/z4r7WtT47vRDHAeEKMyRl27Ej5SZIKIoZSc1OLEmE8BD1SVsjRwGRbpLdnsJD7fSgHwr9uIKZ+3siQYGUo8DTnQFSAzlfm5j/1dqx8s/chPIoVoTj6SI/ZlCFcBIE7FFBsGIjDQgLqm+FeIAEwkrHZeoQnPkvL0LjpOScls5v7GKlDKbKg31wAI6AA8qgAq5BDdQBBo/gCTyDFyM1xsar8TZtzRmzmT3wR8b7D/Uzl2s=</latexit>

�

<latexit sha1_base64="npSlRFCa19VbiAndrP+nzAz7LIc=">AAAB7XicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZEaoLseDGZQV7gbaUTCbTxmaSMTkjlKHv4MaFIm5c+BS+hBvxbUxbF9r6Q+Dj/88h55wgEdyA5305uYXFpeWV/Kq7tr6xuVXY3qkblWrKalQJpZsBMUxwyWrAQbBmohmJA8EaweBinDfumDZcyWsYJqwTk57kEacErFVvh0wA6RaKXsmbCM+D/wPF8/fk9dM9u612Cx/tUNE0ZhKoIMa0fC+BTkY0cCrYyG2nhiWEDkiPtSxKEjPTySbTjvCBdUIcKW2fBDxxf3dkJDZmGAe2MibQN7PZ2Pwva6UQnXQyLpMUmKTTj6JUYFB4vDoOuWYUxNACoZrbWTHtE00o2AO59gj+7MrzUD8q+cel0yuvWCmjqfJoD+2jQ+SjMqqgS1RFNUTRDbpHj+jJUc6D8+y8TEtzzk/PLvoj5+0bcFeStw==</latexit>

• Virtual or Bound State Compatible With Data
 Pole Structure: arxiv:2005.13419
•    Pure Cusp ruled out. 

https://arxiv.org/pdf/2005.13419.pdf


 Quantum Numbers

�c1(3872) aka X(3872)

<latexit sha1_base64="iO/0/89zKfklD18Iyq80uYospaw=">AAACB3icbVDLSgMxFL3js9bXqCsRJFiEuikzVWi7K7hxWcE+oC0lk6ZtaCYzJBmhDC0u3Pgrblwo4tZfcOffmGm70NYDF07OuZfce7yQM6Ud59taWV1b39hMbaW3d3b39u2Dw5oKIklolQQ8kA0PK8qZoFXNNKeNUFLse5zWveF14tfvqVQsEHd6FNK2j/uC9RjB2kgd+7RFBqwTE3ecvSwW8hdogocYoUlj9uzYGSfnTIGWiTsnmfLxAySodOyvVjcgkU+FJhwr1XSdULdjLDUjnI7TrUjREJMh7tOmoQL7VLXj6R1jdG6ULuoF0pTQaKr+noixr9TI90ynj/VALXqJ+J/XjHSv2I6ZCCNNBZl91Is40gFKQkFdJinRfGQIJpKZXREZYImJNtGlTQju4snLpJbPuVe50q1JowQzpOAEziALLhSgDDdQgSoQeIRneIU368l6sd6tj1nrijWfOYI/sD5/AKgJl1U=</latexit>

Notable Decays

MPDG = 3871.69± 0.17 MeV

�PDG < 1.2MeV

<latexit sha1_base64="dVQKZV6CJkck7o6lKMjIxzUA16E="></latexit>

B(⇡+⇡�J/ ) > 3.2%

<latexit sha1_base64="1/qOJcumLCV9gjdflhXMPyoSnas=">AAACDnicbVC7SgNBFL0bXzG+olZiMxgCETHuRkHTSNBGrCKYB2RjmJ1MkiGzD2ZmhbAE7G38FRsLRWyt7fwbZ5MUmnhghsM593LvPU7AmVSm+W0k5uYXFpeSy6mV1bX1jfTmVlX6oSC0Qnzui7qDJeXMoxXFFKf1QFDsOpzWnP5l7NfuqZDM927VIKBNF3c91mEEKy210lnbxapHMI8uhjk7YHcH8Xd4fWQHku2jc3ScL9jZVjpj5s0R0CyxJiRT2nmAGOVW+stu+yR0qacIx1I2LDNQzQgLxQinw5QdShpg0sdd2tDUwy6VzWh0zhBltdJGHV/o5yk0Un93RNiVcuA6ujJeXk57sfif1whV56wZMS8IFfXIeFAn5Ej5KM4GtZmgRPGBJpgIpndFpIcFJkonmNIhWNMnz5JqIW+d5Is3Oo0ijJGEXdiDHFhwCiW4gjJUgMAjPMMrvBlPxovxbnyMSxPGpGcb/sD4/AESIJrn</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

� = MD +MD⇤ �MX = 0.0± 180 keV

<latexit sha1_base64="LDixCsbBixh1r2BRZoYaDnvpDwQ="></latexit>

JPC = 1++

<latexit sha1_base64="XA0j+MLfrKnMBQGp1ASu6R8W7cI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAZBCIRdETQHMZCLeIpgHpBswuxkNhky+2BmNhCW/RMvHhTx6g/4Dd78GyebHDSxoKGo6qa7y404k8qyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHddmfmtChWRh8KimEXV8PAyYxwhWWuqb5n0vqddSdIPsXlIqpahvFq2ylQGtEntBirefkKHeN7+6g5DEPg0U4VjKjm1FykmwUIxwmha6saQRJmM8pB1NA+xT6STZ5Sk608oAeaHQFSiUqb8nEuxLOfVd3eljNZLL3kz8z+vEyrt2EhZEsaIBmS/yYo5UiGYxoAETlCg+1QQTwfStiIywwETpsAo6BHv55VXSvCjbl+XKg1WsVuZpQB5O4BTOwYYrqMId1KEBBCbwBC/waiTGs/FmvM9bc8Zi5hj+wPj4AWhjkvY=</latexit>

Q = 0

<latexit sha1_base64="YeMhY8Anb/8xmHdeGh3mxCREpaY=">AAAB7HicbVA9SwNBEJ2LXzF+RVPaLAbBKtwFQVMIARvLBLwkkBxhb7OXLNnbO3b3hHDkN9hYKGIr/hArSzt/hv/AvSSFJj4YeLw3w8w8P+ZMadv+snJr6xubW/ntws7u3v5B8fCopaJEEuqSiEey42NFORPU1Uxz2oklxaHPadsfX2d++45KxSJxqycx9UI8FCxgBGsjuU10hex+sWxX7BnQKnEWpFwvfb9XP9pvjX7xszeISBJSoQnHSnUdO9ZeiqVmhNNpoZcoGmMyxkPaNVTgkCovnR07RadGGaAgkqaERjP190SKQ6UmoW86Q6xHatnLxP+8bqKDSy9lIk40FWS+KEg40hHKPkcDJinRfGIIJpKZWxEZYYmJNvkUTAjO8surpFWtOOeVWtOkUYM58nAMJ3AGDlxAHW6gAS4QYHAPj/BkCevBerZe5q05azFTgj+wXn8Aq/aRrA==</latexit>

IG = 0+

<latexit sha1_base64="+aQjJRz6gfIlQRgrVD+5C2BBE60=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoDmIAQ/qLYJ5SLIJs5PZZMjM7DIzK4SQr/DiQRGvfoXf4M2/cbLJQRMLGoqqbrq7gpgzbVz321lYXFpeWc2sZdc3Nre2czu7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC/tXYrz1SpVkk780gpr7AXclCRrCx0sNt6xpdILd13M7l3YKbAs0Tb0ryl5+QotzOfTU7EUkElYZwrHXDc2PjD7EyjHA6yjYTTWNM+rhLG5ZKLKj2h+nBI3RolQ4KI2VLGpSqvyeGWGg9EIHtFNj09Kw3Fv/zGokJz/0hk3FiqCSTRWHCkYnQ+HvUYYoSwweWYKKYvRWRHlaYGJtR1obgzb48T6onBe+0ULxz86XiJA3IwD4cwBF4cAYluIEyVICAgCd4gVdHOc/Om/M+aV1wpjN78AfOxw/5kY/2</latexit>

B(D0D
0⇤
) > 30%

<latexit sha1_base64="L4/jvY49rS1CwCoGEEbkTOzoedc=">AAACEXicbVC7SgNBFL0bXzG+olZiMxgC0SLsqqBpJGgKywjmAdkkzE4myZDZBzOzQlgW/AIbf8XGQhFbOzv/xtkkhUYPDBzOPffOvccJOJPKNL+M1MLi0vJKejWztr6xuZXd3qlLPxSE1ojPfdF0sKScebSmmOK0GQiKXYfThjO6SuqNOyok871bNQ5o28UDj/UZwUpL3WzBdrEaEsyjy7hQ6Zi2r93JsKgSdyLzKD5EF+jEtPPdbM4smhOgv8SakVx57x4SVLvZT7vnk9ClniIcS9myzEC1IywUI5zGGTuUNMBkhAe0pamHXSrb0eSiGOW10kN9X+jnKTRRf3ZE2JVy7Dramewv52uJ+F+tFar+eTtiXhAq6pHpR/2QI+WjJB7UY4ISxceaYCKY3hWRIRaYKB1iRodgzZ/8l9SPi9ZpsXSj0yjBFGnYhwMogAVnUIZrqEINCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN0GtnLQ=</latexit>

• Virtual or Bound State Allowed

 Spatial Structure (my guess)
• Molecular            +               : Lattice/Pheno/(Sum Rules arxiv:1812.08207)�c1(2P )

<latexit sha1_base64="7hMt/yr5X7rQOZYe/lRQdL8PfxU=">AAAB9HicbVC7SgNBFL0bXzG+ohYWNoNBiE3YDUK0C9hYRjAPyC5hdjKbDJmd3czMBsKSb7C0sVDE1o/wE+z8EWsnj0ITD1w4nHMv997jx5wpbdtfVmZtfWNzK7ud29nd2z/IHx41VJRIQusk4pFs+VhRzgSta6Y5bcWS4tDntOkPbqZ+c0SlYpG41+OYeiHuCRYwgrWRPJf0WSclzqRYrl108gW7ZM+AVomzIIXqSfLx4Ba/a538p9uNSBJSoQnHSrUdO9ZeiqVmhNNJzk0UjTEZ4B5tGypwSJWXzo6eoHOjdFEQSVNCo5n6eyLFoVLj0DedIdZ9texNxf+8dqKDKy9lIk40FWS+KEg40hGaJoC6TFKi+dgQTCQztyLSxxITbXLKmRCc5ZdXSaNcci5L13cmjQrMkYVTOIMiOFCBKtxCDepAYAiP8Awv1sh6sl6tt3lrxlrMHMMfWO8/YTKU3g==</latexit>

D0D̄0⇤

<latexit sha1_base64="RVVni31K4V6JKK0sT47nnRqMGbg=">AAAB+HicbVDLSgMxFM34rOOjoy7dBIsgLkpGhOpCLNiFywr2Ae20ZNJMG5rJjElGqEO/xI2gIm7d+xNuxL8xfSy09cCFwzn3cu89fsyZ0gh9WwuLS8srq5k1e31jcyvrbO9UVZRIQisk4pGs+1hRzgStaKY5rceS4tDntOb3L0d+7Y5KxSJxowcx9ULcFSxgBGsjtZ1sqYWaPpZpadhK0dGw7eRQHo0B54k7JbmLj/jpyz6/Lbedz2YnIklIhSYcK9VwUay9FEvNCKdDu5koGmPSx13aMFTgkCovHR8+hAdG6cAgkqaEhmP190SKQ6UGoW86Q6x7atYbif95jUQHp17KRJxoKshkUZBwqCM4SgF2mKRE84EhmEhmboWkhyUm2mRlmxDc2ZfnSfU4757kz65RrlgAE2TAHtgHh8AFBVAEV6AMKoCABDyAZ/Bi3VuP1qv1NmldsKYzu+APrPcfvLGWKw==</latexit>

 Pole Structure: arxiv:2005.13419
•    Pure Cusp ruled out. 

https://arxiv.org/abs/1812.08207
https://arxiv.org/pdf/2005.13419.pdf


 Quantum Numbers

�c1(3872) aka X(3872)

<latexit sha1_base64="iO/0/89zKfklD18Iyq80uYospaw=">AAACB3icbVDLSgMxFL3js9bXqCsRJFiEuikzVWi7K7hxWcE+oC0lk6ZtaCYzJBmhDC0u3Pgrblwo4tZfcOffmGm70NYDF07OuZfce7yQM6Ud59taWV1b39hMbaW3d3b39u2Dw5oKIklolQQ8kA0PK8qZoFXNNKeNUFLse5zWveF14tfvqVQsEHd6FNK2j/uC9RjB2kgd+7RFBqwTE3ecvSwW8hdogocYoUlj9uzYGSfnTIGWiTsnmfLxAySodOyvVjcgkU+FJhwr1XSdULdjLDUjnI7TrUjREJMh7tOmoQL7VLXj6R1jdG6ULuoF0pTQaKr+noixr9TI90ynj/VALXqJ+J/XjHSv2I6ZCCNNBZl91Is40gFKQkFdJinRfGQIJpKZXREZYImJNtGlTQju4snLpJbPuVe50q1JowQzpOAEziALLhSgDDdQgSoQeIRneIU368l6sd6tj1nrijWfOYI/sD5/AKgJl1U=</latexit>

Notable Decays

MPDG = 3871.69± 0.17 MeV

�PDG < 1.2MeV

<latexit sha1_base64="dVQKZV6CJkck7o6lKMjIxzUA16E="></latexit>

B(⇡+⇡�J/ ) > 3.2%

<latexit sha1_base64="1/qOJcumLCV9gjdflhXMPyoSnas=">AAACDnicbVC7SgNBFL0bXzG+olZiMxgCETHuRkHTSNBGrCKYB2RjmJ1MkiGzD2ZmhbAE7G38FRsLRWyt7fwbZ5MUmnhghsM593LvPU7AmVSm+W0k5uYXFpeSy6mV1bX1jfTmVlX6oSC0Qnzui7qDJeXMoxXFFKf1QFDsOpzWnP5l7NfuqZDM927VIKBNF3c91mEEKy210lnbxapHMI8uhjk7YHcH8Xd4fWQHku2jc3ScL9jZVjpj5s0R0CyxJiRT2nmAGOVW+stu+yR0qacIx1I2LDNQzQgLxQinw5QdShpg0sdd2tDUwy6VzWh0zhBltdJGHV/o5yk0Un93RNiVcuA6ujJeXk57sfif1whV56wZMS8IFfXIeFAn5Ej5KM4GtZmgRPGBJpgIpndFpIcFJkonmNIhWNMnz5JqIW+d5Is3Oo0ijJGEXdiDHFhwCiW4gjJUgMAjPMMrvBlPxovxbnyMSxPGpGcb/sD4/AESIJrn</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

� = MD +MD⇤ �MX = 0.0± 180 keV

<latexit sha1_base64="LDixCsbBixh1r2BRZoYaDnvpDwQ="></latexit>

JPC = 1++

<latexit sha1_base64="XA0j+MLfrKnMBQGp1ASu6R8W7cI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAZBCIRdETQHMZCLeIpgHpBswuxkNhky+2BmNhCW/RMvHhTx6g/4Dd78GyebHDSxoKGo6qa7y404k8qyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHddmfmtChWRh8KimEXV8PAyYxwhWWuqb5n0vqddSdIPsXlIqpahvFq2ylQGtEntBirefkKHeN7+6g5DEPg0U4VjKjm1FykmwUIxwmha6saQRJmM8pB1NA+xT6STZ5Sk608oAeaHQFSiUqb8nEuxLOfVd3eljNZLL3kz8z+vEyrt2EhZEsaIBmS/yYo5UiGYxoAETlCg+1QQTwfStiIywwETpsAo6BHv55VXSvCjbl+XKg1WsVuZpQB5O4BTOwYYrqMId1KEBBCbwBC/waiTGs/FmvM9bc8Zi5hj+wPj4AWhjkvY=</latexit>

Q = 0

<latexit sha1_base64="YeMhY8Anb/8xmHdeGh3mxCREpaY=">AAAB7HicbVA9SwNBEJ2LXzF+RVPaLAbBKtwFQVMIARvLBLwkkBxhb7OXLNnbO3b3hHDkN9hYKGIr/hArSzt/hv/AvSSFJj4YeLw3w8w8P+ZMadv+snJr6xubW/ntws7u3v5B8fCopaJEEuqSiEey42NFORPU1Uxz2oklxaHPadsfX2d++45KxSJxqycx9UI8FCxgBGsjuU10hex+sWxX7BnQKnEWpFwvfb9XP9pvjX7xszeISBJSoQnHSnUdO9ZeiqVmhNNpoZcoGmMyxkPaNVTgkCovnR07RadGGaAgkqaERjP190SKQ6UmoW86Q6xHatnLxP+8bqKDSy9lIk40FWS+KEg40hHKPkcDJinRfGIIJpKZWxEZYYmJNvkUTAjO8surpFWtOOeVWtOkUYM58nAMJ3AGDlxAHW6gAS4QYHAPj/BkCevBerZe5q05azFTgj+wXn8Aq/aRrA==</latexit>

IG = 0+

<latexit sha1_base64="+aQjJRz6gfIlQRgrVD+5C2BBE60=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoDmIAQ/qLYJ5SLIJs5PZZMjM7DIzK4SQr/DiQRGvfoXf4M2/cbLJQRMLGoqqbrq7gpgzbVz321lYXFpeWc2sZdc3Nre2czu7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC/tXYrz1SpVkk780gpr7AXclCRrCx0sNt6xpdILd13M7l3YKbAs0Tb0ryl5+QotzOfTU7EUkElYZwrHXDc2PjD7EyjHA6yjYTTWNM+rhLG5ZKLKj2h+nBI3RolQ4KI2VLGpSqvyeGWGg9EIHtFNj09Kw3Fv/zGokJz/0hk3FiqCSTRWHCkYnQ+HvUYYoSwweWYKKYvRWRHlaYGJtR1obgzb48T6onBe+0ULxz86XiJA3IwD4cwBF4cAYluIEyVICAgCd4gVdHOc/Om/M+aV1wpjN78AfOxw/5kY/2</latexit>

B(D0D
0⇤
) > 30%

<latexit sha1_base64="L4/jvY49rS1CwCoGEEbkTOzoedc=">AAACEXicbVC7SgNBFL0bXzG+olZiMxgC0SLsqqBpJGgKywjmAdkkzE4myZDZBzOzQlgW/AIbf8XGQhFbOzv/xtkkhUYPDBzOPffOvccJOJPKNL+M1MLi0vJKejWztr6xuZXd3qlLPxSE1ojPfdF0sKScebSmmOK0GQiKXYfThjO6SuqNOyok871bNQ5o28UDj/UZwUpL3WzBdrEaEsyjy7hQ6Zi2r93JsKgSdyLzKD5EF+jEtPPdbM4smhOgv8SakVx57x4SVLvZT7vnk9ClniIcS9myzEC1IywUI5zGGTuUNMBkhAe0pamHXSrb0eSiGOW10kN9X+jnKTRRf3ZE2JVy7Dramewv52uJ+F+tFar+eTtiXhAq6pHpR/2QI+WjJB7UY4ISxceaYCKY3hWRIRaYKB1iRodgzZ/8l9SPi9ZpsXSj0yjBFGnYhwMogAVnUIZrqEINCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN0GtnLQ=</latexit>

• Virtual or Bound State Allowed

 Spatial Structure (my guess)
• Molecular            +               : Lattice/Pheno/(Sum Rules arxiv:1812.08207)
• But Compact Tetraquarks Proposed: arxiv:1611.07920

�c1(2P )

<latexit sha1_base64="7hMt/yr5X7rQOZYe/lRQdL8PfxU=">AAAB9HicbVC7SgNBFL0bXzG+ohYWNoNBiE3YDUK0C9hYRjAPyC5hdjKbDJmd3czMBsKSb7C0sVDE1o/wE+z8EWsnj0ITD1w4nHMv997jx5wpbdtfVmZtfWNzK7ud29nd2z/IHx41VJRIQusk4pFs+VhRzgSta6Y5bcWS4tDntOkPbqZ+c0SlYpG41+OYeiHuCRYwgrWRPJf0WSclzqRYrl108gW7ZM+AVomzIIXqSfLx4Ba/a538p9uNSBJSoQnHSrUdO9ZeiqVmhNNJzk0UjTEZ4B5tGypwSJWXzo6eoHOjdFEQSVNCo5n6eyLFoVLj0DedIdZ9texNxf+8dqKDKy9lIk40FWS+KEg40hGaJoC6TFKi+dgQTCQztyLSxxITbXLKmRCc5ZdXSaNcci5L13cmjQrMkYVTOIMiOFCBKtxCDepAYAiP8Awv1sh6sl6tt3lrxlrMHMMfWO8/YTKU3g==</latexit>

D0D̄0⇤

<latexit sha1_base64="RVVni31K4V6JKK0sT47nnRqMGbg=">AAAB+HicbVDLSgMxFM34rOOjoy7dBIsgLkpGhOpCLNiFywr2Ae20ZNJMG5rJjElGqEO/xI2gIm7d+xNuxL8xfSy09cCFwzn3cu89fsyZ0gh9WwuLS8srq5k1e31jcyvrbO9UVZRIQisk4pGs+1hRzgStaKY5rceS4tDntOb3L0d+7Y5KxSJxowcx9ULcFSxgBGsjtZ1sqYWaPpZpadhK0dGw7eRQHo0B54k7JbmLj/jpyz6/Lbedz2YnIklIhSYcK9VwUay9FEvNCKdDu5koGmPSx13aMFTgkCovHR8+hAdG6cAgkqaEhmP190SKQ6UGoW86Q6x7atYbif95jUQHp17KRJxoKshkUZBwqCM4SgF2mKRE84EhmEhmboWkhyUm2mRlmxDc2ZfnSfU4757kz65RrlgAE2TAHtgHh8AFBVAEV6AMKoCABDyAZ/Bi3VuP1qv1NmldsKYzu+APrPcfvLGWKw==</latexit>

 Pole Structure: arxiv:2005.13419
•    Pure Cusp ruled out. 

https://arxiv.org/abs/1812.08207
https://arxiv.org/abs/1611.07920
https://arxiv.org/pdf/2005.13419.pdf


 Quantum Numbers

�c1(3872) aka X(3872)

<latexit sha1_base64="iO/0/89zKfklD18Iyq80uYospaw=">AAACB3icbVDLSgMxFL3js9bXqCsRJFiEuikzVWi7K7hxWcE+oC0lk6ZtaCYzJBmhDC0u3Pgrblwo4tZfcOffmGm70NYDF07OuZfce7yQM6Ud59taWV1b39hMbaW3d3b39u2Dw5oKIklolQQ8kA0PK8qZoFXNNKeNUFLse5zWveF14tfvqVQsEHd6FNK2j/uC9RjB2kgd+7RFBqwTE3ecvSwW8hdogocYoUlj9uzYGSfnTIGWiTsnmfLxAySodOyvVjcgkU+FJhwr1XSdULdjLDUjnI7TrUjREJMh7tOmoQL7VLXj6R1jdG6ULuoF0pTQaKr+noixr9TI90ynj/VALXqJ+J/XjHSv2I6ZCCNNBZl91Is40gFKQkFdJinRfGQIJpKZXREZYImJNtGlTQju4snLpJbPuVe50q1JowQzpOAEziALLhSgDDdQgSoQeIRneIU368l6sd6tj1nrijWfOYI/sD5/AKgJl1U=</latexit>

Notable Decays

MPDG = 3871.69± 0.17 MeV

�PDG < 1.2MeV

<latexit sha1_base64="dVQKZV6CJkck7o6lKMjIxzUA16E="></latexit>

B(⇡+⇡�J/ ) > 3.2%

<latexit sha1_base64="1/qOJcumLCV9gjdflhXMPyoSnas=">AAACDnicbVC7SgNBFL0bXzG+olZiMxgCETHuRkHTSNBGrCKYB2RjmJ1MkiGzD2ZmhbAE7G38FRsLRWyt7fwbZ5MUmnhghsM593LvPU7AmVSm+W0k5uYXFpeSy6mV1bX1jfTmVlX6oSC0Qnzui7qDJeXMoxXFFKf1QFDsOpzWnP5l7NfuqZDM927VIKBNF3c91mEEKy210lnbxapHMI8uhjk7YHcH8Xd4fWQHku2jc3ScL9jZVjpj5s0R0CyxJiRT2nmAGOVW+stu+yR0qacIx1I2LDNQzQgLxQinw5QdShpg0sdd2tDUwy6VzWh0zhBltdJGHV/o5yk0Un93RNiVcuA6ujJeXk57sfif1whV56wZMS8IFfXIeFAn5Ej5KM4GtZmgRPGBJpgIpndFpIcFJkonmNIhWNMnz5JqIW+d5Is3Oo0ijJGEXdiDHFhwCiW4gjJUgMAjPMMrvBlPxovxbnyMSxPGpGcb/sD4/AESIJrn</latexit>

B(⇢0J/ ) ⇠ B(!J/ )

<latexit sha1_base64="x32SJOoeZ60442FCy8gEvbXHI74=">AAACI3icbVBNSwMxEJ2tX7V+rXoSL8Ei6KXuiuDHSfQinhSsFrpryaZpG5psliQrlKXgT/HiX/HiQSlePPhfzLYKVn0w8Hhvhpl5UcKZNp737hQmJqemZ4qzpbn5hcUld3nlWstUEVolkktVi7CmnMW0apjhtJYoikXE6U3UPc39mzuqNJPxleklNBS4HbMWI9hYqeEeBQKbDsE8O+lvBaojbz10vhMkmm2jQDOBxnwpaBt/+w237FW8IdBf4n+R8vHaPeS4aLiDoClJKmhsCMda130vMWGGlWGE034pSDVNMOniNq1bGmNBdZgNf+yjTas0UUsqW7FBQ/XnRIaF1j0R2c78Yv3by8X/vHpqWgdhxuIkNTQmo0WtlCMjUR4YajJFieE9SzBRzN6KSAcrTIyNtWRD8H+//Jdc71b8vcrhpU3jEEYowjpswBb4sA/HcAYXUAUCD/AEL/DqPDrPzsB5G7UWnK+ZVRiD8/EJflSkSA==</latexit>

� = MD +MD⇤ �MX = 0.0± 180 keV

<latexit sha1_base64="LDixCsbBixh1r2BRZoYaDnvpDwQ="></latexit>

JPC = 1++

<latexit sha1_base64="XA0j+MLfrKnMBQGp1ASu6R8W7cI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAZBCIRdETQHMZCLeIpgHpBswuxkNhky+2BmNhCW/RMvHhTx6g/4Dd78GyebHDSxoKGo6qa7y404k8qyvo3c2vrG5lZ+u7Czu7d/YB4eNWUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHddmfmtChWRh8KimEXV8PAyYxwhWWuqb5n0vqddSdIPsXlIqpahvFq2ylQGtEntBirefkKHeN7+6g5DEPg0U4VjKjm1FykmwUIxwmha6saQRJmM8pB1NA+xT6STZ5Sk608oAeaHQFSiUqb8nEuxLOfVd3eljNZLL3kz8z+vEyrt2EhZEsaIBmS/yYo5UiGYxoAETlCg+1QQTwfStiIywwETpsAo6BHv55VXSvCjbl+XKg1WsVuZpQB5O4BTOwYYrqMId1KEBBCbwBC/waiTGs/FmvM9bc8Zi5hj+wPj4AWhjkvY=</latexit>

Q = 0

<latexit sha1_base64="YeMhY8Anb/8xmHdeGh3mxCREpaY=">AAAB7HicbVA9SwNBEJ2LXzF+RVPaLAbBKtwFQVMIARvLBLwkkBxhb7OXLNnbO3b3hHDkN9hYKGIr/hArSzt/hv/AvSSFJj4YeLw3w8w8P+ZMadv+snJr6xubW/ntws7u3v5B8fCopaJEEuqSiEey42NFORPU1Uxz2oklxaHPadsfX2d++45KxSJxqycx9UI8FCxgBGsjuU10hex+sWxX7BnQKnEWpFwvfb9XP9pvjX7xszeISBJSoQnHSnUdO9ZeiqVmhNNpoZcoGmMyxkPaNVTgkCovnR07RadGGaAgkqaERjP190SKQ6UmoW86Q6xHatnLxP+8bqKDSy9lIk40FWS+KEg40hHKPkcDJinRfGIIJpKZWxEZYYmJNvkUTAjO8surpFWtOOeVWtOkUYM58nAMJ3AGDlxAHW6gAS4QYHAPj/BkCevBerZe5q05azFTgj+wXn8Aq/aRrA==</latexit>

IG = 0+

<latexit sha1_base64="+aQjJRz6gfIlQRgrVD+5C2BBE60=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBAEIeyKoDmIAQ/qLYJ5SLIJs5PZZMjM7DIzK4SQr/DiQRGvfoXf4M2/cbLJQRMLGoqqbrq7gpgzbVz321lYXFpeWc2sZdc3Nre2czu7VR0litAKiXik6gHWlDNJK4YZTuuxolgEnNaC/tXYrz1SpVkk780gpr7AXclCRrCx0sNt6xpdILd13M7l3YKbAs0Tb0ryl5+QotzOfTU7EUkElYZwrHXDc2PjD7EyjHA6yjYTTWNM+rhLG5ZKLKj2h+nBI3RolQ4KI2VLGpSqvyeGWGg9EIHtFNj09Kw3Fv/zGokJz/0hk3FiqCSTRWHCkYnQ+HvUYYoSwweWYKKYvRWRHlaYGJtR1obgzb48T6onBe+0ULxz86XiJA3IwD4cwBF4cAYluIEyVICAgCd4gVdHOc/Om/M+aV1wpjN78AfOxw/5kY/2</latexit>

B(D0D
0⇤
) > 30%

<latexit sha1_base64="L4/jvY49rS1CwCoGEEbkTOzoedc=">AAACEXicbVC7SgNBFL0bXzG+olZiMxgC0SLsqqBpJGgKywjmAdkkzE4myZDZBzOzQlgW/AIbf8XGQhFbOzv/xtkkhUYPDBzOPffOvccJOJPKNL+M1MLi0vJKejWztr6xuZXd3qlLPxSE1ojPfdF0sKScebSmmOK0GQiKXYfThjO6SuqNOyok871bNQ5o28UDj/UZwUpL3WzBdrEaEsyjy7hQ6Zi2r93JsKgSdyLzKD5EF+jEtPPdbM4smhOgv8SakVx57x4SVLvZT7vnk9ClniIcS9myzEC1IywUI5zGGTuUNMBkhAe0pamHXSrb0eSiGOW10kN9X+jnKTRRf3ZE2JVy7Dramewv52uJ+F+tFar+eTtiXhAq6pHpR/2QI+WjJB7UY4ISxceaYCKY3hWRIRaYKB1iRodgzZ/8l9SPi9ZpsXSj0yjBFGnYhwMogAVnUIZrqEINCDzAE7zAq/FoPBtvxvvUmjJmPbvwC8bHN0GtnLQ=</latexit>

• Virtual or Bound State Allowed

 Spatial Structure (my guess)
• Molecular            +               : Lattice/Pheno/(Sum Rules arxiv:1812.08207)
• But Compact Tetraquarks Proposed: arxiv:1611.07920
 Debates: Prompt Production arxiv:1709.09631, arxiv:1709.09101

�c1(2P )

<latexit sha1_base64="7hMt/yr5X7rQOZYe/lRQdL8PfxU=">AAAB9HicbVC7SgNBFL0bXzG+ohYWNoNBiE3YDUK0C9hYRjAPyC5hdjKbDJmd3czMBsKSb7C0sVDE1o/wE+z8EWsnj0ITD1w4nHMv997jx5wpbdtfVmZtfWNzK7ud29nd2z/IHx41VJRIQusk4pFs+VhRzgSta6Y5bcWS4tDntOkPbqZ+c0SlYpG41+OYeiHuCRYwgrWRPJf0WSclzqRYrl108gW7ZM+AVomzIIXqSfLx4Ba/a538p9uNSBJSoQnHSrUdO9ZeiqVmhNNJzk0UjTEZ4B5tGypwSJWXzo6eoHOjdFEQSVNCo5n6eyLFoVLj0DedIdZ9texNxf+8dqKDKy9lIk40FWS+KEg40hGaJoC6TFKi+dgQTCQztyLSxxITbXLKmRCc5ZdXSaNcci5L13cmjQrMkYVTOIMiOFCBKtxCDepAYAiP8Awv1sh6sl6tt3lrxlrMHMMfWO8/YTKU3g==</latexit>

D0D̄0⇤

<latexit sha1_base64="RVVni31K4V6JKK0sT47nnRqMGbg=">AAAB+HicbVDLSgMxFM34rOOjoy7dBIsgLkpGhOpCLNiFywr2Ae20ZNJMG5rJjElGqEO/xI2gIm7d+xNuxL8xfSy09cCFwzn3cu89fsyZ0gh9WwuLS8srq5k1e31jcyvrbO9UVZRIQisk4pGs+1hRzgStaKY5rceS4tDntOb3L0d+7Y5KxSJxowcx9ULcFSxgBGsjtZ1sqYWaPpZpadhK0dGw7eRQHo0B54k7JbmLj/jpyz6/Lbedz2YnIklIhSYcK9VwUay9FEvNCKdDu5koGmPSx13aMFTgkCovHR8+hAdG6cAgkqaEhmP190SKQ6UGoW86Q6x7atYbif95jUQHp17KRJxoKshkUZBwqCM4SgF2mKRE84EhmEhmboWkhyUm2mRlmxDc2ZfnSfU4757kz65RrlgAE2TAHtgHh8AFBVAEV6AMKoCABDyAZ/Bi3VuP1qv1NmldsKYzu+APrPcfvLGWKw==</latexit>

 Pole Structure: arxiv:2005.13419
•    Pure Cusp ruled out. 

https://arxiv.org/abs/1812.08207
https://arxiv.org/abs/1611.07920
https://arxiv.org/abs/1709.09631
https://arxiv.org/abs/1709.09101
https://arxiv.org/pdf/2005.13419.pdf


 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

Y (4230)

<latexit sha1_base64="fTuUYHPkVBG0Lo3cwvT2qDmmoCQ=">AAAB7nicbVC7SgNBFL0bXzG+ohYWNoNBiE3YjYFoF7CxjOAmkWQJs5PZZMjs7DIzK4Ql3yA2ForY+h1+gp0/Yu3kUWjigQuHc+7l3nv8mDOlbfvLyqysrq1vZDdzW9s7u3v5/YOGihJJqEsiHsmWjxXlTFBXM81pK5YUhz6nTX94NfGb91QqFolbPYqpF+K+YAEjWBupeVeslM/ts26+YJfsKdAyceakUDtKPh46xe96N//Z6UUkCanQhGOl2o4day/FUjPC6TjXSRSNMRniPm0bKnBIlZdOzx2jU6P0UBBJU0Kjqfp7IsWhUqPQN50h1gO16E3E/7x2ooMLL2UiTjQVZLYoSDjSEZr8jnpMUqL5yBBMJDO3IjLAEhNtEsqZEJzFl5dJo1xyKqXLG5NGFWbIwjGcQBEcqEINrqEOLhAYwiM8w4sVW0/Wq/U2a81Y85lD+APr/QcXCZHH</latexit>



 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>



Notable Decays
• Seen

 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>



Notable Decays
• Seen

 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

Annihilation Effects Suppressed = 
      minimal valence componentsc̄c

<latexit sha1_base64="RWmlJ07O0JnskckfvKsygY1S5nY=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0RNCcDXjxGMA9IltA7mU2GzM6uM7NCWPITXjwo4tW/8Bu8+TdONjloYkFDUdVNd1eQCK6N6347K6tr6xubha3i9s7u3n7p4LCp41RR1qCxiFU7QM0El6xhuBGsnSiGUSBYKxjdTP3WI1Oax/LejBPmRziQPOQUjZXa3QBVRie0Vyq7FTcHWSbenJSvPyFHvVf66vZjmkZMGipQ647nJsbPUBlOBZsUu6lmCdIRDljHUokR036W3zshp1bpkzBWtqQhufp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS0KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUdGG4C2+vEya5xXvolK9c8u16iwNKMAxnMAZeHAJNbiFOjSAgoAneIFX58F5dt6c91nrijOfOYI/cD5+AJvkkRc=</latexit>



 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>



 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

BELLE,13
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MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>



 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

BELLE,13 BESIII, 2017
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MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>



 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>
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PDG 2020 Replaced

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>



 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>
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Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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<latexit sha1_base64="bWlcjqQUwusgsXgZatib+QtRqA0=">AAAB/XicbVDLSsNAFL3xWesrPjbiJliEuilJLWh3BTcuK9iHtKFMJpN26OTBzESoIeinuHGhiFv/w51/4yTtQlsPXDicc+/cuceJGBXSNL+1peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kCCMBqQlqWSkG3GCfIeRjjO+yvzOPeGChsGtnETE9tEwoB7FSCppoB/28zcSTtw0uSvXqufmWTrQS2bFzGEsEmtGSo2jJ8jQHOhffTfEsU8CiRkSomeZkbQTxCXFjKTFfixIhPAYDUlP0QD5RNhJvjk1TpXiGl7IVQXSyNXfEwnyhZj4jur0kRyJeS8T//N6sfQu7YQGUSxJgKeLvJgZMjSyKAyXcoIlmyiCMKfqrwYeIY6wVIEVVQjW/MmLpF2tWLVK/UalUYcpCnAMJ1AGCy6gAdfQhBZgeIBneIU37VF70d61j2nrkjabOYA/0D5/AJqElWQ=</latexit>

Charmonium states decay to 
open flavour thresholds

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>



MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
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vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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               cannot contain      as it 
does not decay to open charm!
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Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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Notable Decays
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<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>



 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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Y (4230)

<latexit sha1_base64="bWlcjqQUwusgsXgZatib+QtRqA0=">AAAB/XicbVDLSsNAFL3xWesrPjbiJliEuilJLWh3BTcuK9iHtKFMJpN26OTBzESoIeinuHGhiFv/w51/4yTtQlsPXDicc+/cuceJGBXSNL+1peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kCCMBqQlqWSkG3GCfIeRjjO+yvzOPeGChsGtnETE9tEwoB7FSCppoB/28zcSTtw0uSvXqufmWTrQS2bFzGEsEmtGSo2jJ8jQHOhffTfEsU8CiRkSomeZkbQTxCXFjKTFfixIhPAYDUlP0QD5RNhJvjk1TpXiGl7IVQXSyNXfEwnyhZj4jur0kRyJeS8T//N6sfQu7YQGUSxJgKeLvJgZMjSyKAyXcoIlmyiCMKfqrwYeIY6wVIEVVQjW/MmLpF2tWLVK/UalUYcpCnAMJ1AGCy6gAdfQhBZgeIBneIU37VF70d61j2nrkjabOYA/0D5/AJqElWQ=</latexit>

 Scenario 1:                      Molecular State
• D                                      within reason for 

potential models (arxiv:1910.14455)

DD̄1(2420)

<latexit sha1_base64="gXttUuyUNkgX+WdUNch07OS6L44=">AAAB+XicbVDLSsNAFL3xWesr6krcDBahbkpSCtpdwS5cVrAPaEOYTCft0MkkzEwKJRT8EDcuFHHrn7jzb5w+Ftp64MLhnHu5954g4Uxpx/m2Nja3tnd2c3v5/YPDo2P75LSl4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WB0N/PbYyoVi8WjniTUi/BAsJARrI3k23a9F2CZ1ae+WyxXys61bxeckjMHWifukhRq508wQ8O3v3r9mKQRFZpwrFTXdRLtZVhqRjid5nupogkmIzygXUMFjqjysvnlU3RllD4KY2lKaDRXf09kOFJqEgWmM8J6qFa9mfif1011eOtlTCSppoIsFoUpRzpGsxhQn0lKNJ8Ygolk5lZEhlhiok1YeROCu/ryOmmVS26lVH0waVRhgRxcwCUUwYUbqME9NKAJBMbwDK/wZmXWi/VufSxaN6zlzBn8gfX5A0u/kt0=</latexit>

MY �MDD̄1
= �65 MeV

<latexit sha1_base64="j/r9uHH9pmUPPyL+C4KIz1dqucg="></latexit>

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

https://arxiv.org/pdf/1910.14455.pdf


 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�
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Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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 Scenario 1:                      Molecular State
• D                                      within reason for 

potential models (arxiv:1910.14455)
• Molecular States decay through constituents: 

explains decay patterns (arxiv:1306.3096)
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Cleven et al., PRD90 (2014) 074039; see also Qin et al. PRD94(2016)054035
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Figure 81: Lineshapes of the  (4230) aka Y(4230) in the ⇡⇡J/ channel (upper panel) and the DD̄⇤⇡ channel (lower panel). The left column
shows the data available before 2014 from Belle [170] (lower panel) and [25] (upper panel) and the right column shows the very recent data from
BESIII [73, 165]. In all panels the red lines show the results of the full model of Ref. [154] with its parameters fixed in 2013.

Figure 82: Triangle mechanisms driving both Y(4230)! ⇡Zc(3900) and Y(4230)! �X(3872) decay in the molecular picture.

and angular distributions existing at that time. The results for the ⇡⇡J/ channel clearly show that the molecular model
naturally generates asymmetric line shapes from just a single state. In contrast to this, the experimental analysis of
the new data (upper right panel) generate the asymmetry from two BW resonances — see the discussion in Sec. 3.1
above. One conclusion from the molecular picture is that the structure known as Y(4260) should be identified with
the Y(4230). We will use this name in the rest of this section.

Since the natural decay of a molecular state is into its constituents, and the strongest decay channel of the D1(2420)
is D⇤⇡, a D1D̄ molecular state must leave a strong imprint in the D̄D⇤⇡ final state. At the time when the model
parameters of Ref. [154] were fixed, no high quality data in this channel were available and the results shown in the
lower right panel of Fig. 81 came as a prediction. Also this calculation contains only one state — still the data and the
calculation contain in addition to the peak of the Y(4230) a second structure above the nominal D1D̄ threshold located
at 4280 MeV — here a similarity of the red curve and the typical line shapes for molecules with unstable constituents
shown in Fig. 79 should be emphasized. The missing strength to account for the data above 4350 MeV might come
from the  (4415) or D2D̄⇤ channel missing in the model.

A D1D̄ molecular nature for the Y(4230) also predicts peculiar decay patterns of this state. For example, it
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MPDG = 4220± 15 MeV
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are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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<latexit sha1_base64="NRGXLfE5yPT3heqLro3x6EPTN7w=">AAAB73icbZC7SgNBFIbPxluMt6ilzWAQYhN2RbxUBmwsI5gLZJcwO5lNhszOrjOzQljyDIKNhSK2voOVj2Dng9g7m6TQxB8GPv7/HOac48ecKW3bX1ZuYXFpeSW/Wlhb39jcKm7vNFSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpDy6zvHlHpWKRuNHDmHoh7gkWMIK1sVquj2VKRqRTLNkVeyw0D84UShfv5e+Pe/ew1il+ut2IJCEVmnCsVNuxY+2lWGpGOB0V3ETRGJMB7tG2QYFDqrx0PO8IHRini4JImic0Gru/O1IcKjUMfVMZYt1Xs1lm/pe1Ex2ceSkTcaKpIJOPgoQjHaFsedRlkhLNhwYwkczMikgfS0y0OVHBHMGZXXkeGkcV57hyfm2XqicwUR72YB/K4MApVOEKalAHAhwe4AmerVvr0XqxXielOWvaswt/ZL39AIvYlAM=</latexit>

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

https://arxiv.org/abs/1902.10957


 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that

4
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4

Y (4230)

<latexit sha1_base64="bWlcjqQUwusgsXgZatib+QtRqA0=">AAAB/XicbVDLSsNAFL3xWesrPjbiJliEuilJLWh3BTcuK9iHtKFMJpN26OTBzESoIeinuHGhiFv/w51/4yTtQlsPXDicc+/cuceJGBXSNL+1peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kCCMBqQlqWSkG3GCfIeRjjO+yvzOPeGChsGtnETE9tEwoB7FSCppoB/28zcSTtw0uSvXqufmWTrQS2bFzGEsEmtGSo2jJ8jQHOhffTfEsU8CiRkSomeZkbQTxCXFjKTFfixIhPAYDUlP0QD5RNhJvjk1TpXiGl7IVQXSyNXfEwnyhZj4jur0kRyJeS8T//N6sfQu7YQGUSxJgKeLvJgZMjSyKAyXcoIlmyiCMKfqrwYeIY6wVIEVVQjW/MmLpF2tWLVK/UalUYcpCnAMJ1AGCy6gAdfQhBZgeIBneIU37VF70d61j2nrkjabOYA/0D5/AJqElWQ=</latexit>

 Scenario 2:         hybrid
• Lattice hybrid energy 180 MeV high, but with 

systematics roughly correct (arxiv:1610.01073)

c̄gc

<latexit sha1_base64="uhWSx9of8HIWCHco65o65Zq6qXE=">AAAB8HicbVC7SgNBFL3rM8bXRjttBoNgFXZFfHQBG8sI5iHJEmYns8mQmdllZlYISz7BysZCEVsrf8PWzg+xd/IoNPHAhcM593LvPWHCmTae9+UsLC4tr6zm1vLrG5tb225hp6bjVBFaJTGPVSPEmnImadUww2kjURSLkNN62L8c+fU7qjSL5Y0ZJDQQuCtZxAg2VrpthVhlZNglbbfolbwx0Dzxp6RYLty733sf75W2+9nqxCQVVBrCsdZN30tMkGFlGOF0mG+lmiaY9HGXNi2VWFAdZOODh+jQKh0UxcqWNGis/p7IsNB6IELbKbDp6VlvJP7nNVMTnQcZk0lqqCSTRVHKkYnR6HvUYYoSwweWYKKYvRWRHlaYGJtR3obgz748T2rHJf+kdHFt0ziFCXKwDwdwBD6cQRmuoAJVICDgAZ7g2VHOo/PivE5aF5zpzC78gfP2A6rnk/w=</latexit>

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

https://arxiv.org/abs/1610.01073


 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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Y (4230)

<latexit sha1_base64="bWlcjqQUwusgsXgZatib+QtRqA0=">AAAB/XicbVDLSsNAFL3xWesrPjbiJliEuilJLWh3BTcuK9iHtKFMJpN26OTBzESoIeinuHGhiFv/w51/4yTtQlsPXDicc+/cuceJGBXSNL+1peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kCCMBqQlqWSkG3GCfIeRjjO+yvzOPeGChsGtnETE9tEwoB7FSCppoB/28zcSTtw0uSvXqufmWTrQS2bFzGEsEmtGSo2jJ8jQHOhffTfEsU8CiRkSomeZkbQTxCXFjKTFfixIhPAYDUlP0QD5RNhJvjk1TpXiGl7IVQXSyNXfEwnyhZj4jur0kRyJeS8T//N6sfQu7YQGUSxJgKeLvJgZMjSyKAyXcoIlmyiCMKfqrwYeIY6wVIEVVQjW/MmLpF2tWLVK/UalUYcpCnAMJ1AGCy6gAdfQhBZgeIBneIU37VF70d61j2nrkjabOYA/0D5/AJqElWQ=</latexit>

 Scenario 2:         hybrid
• Lattice hybrid energy 180 MeV high, but with 

systematics roughly correct (arxiv:1610.01073)
• Lattice Potential + pNRQCD energy consistent 

(arxiv:1510.04299)

c̄gc

<latexit sha1_base64="uhWSx9of8HIWCHco65o65Zq6qXE=">AAAB8HicbVC7SgNBFL3rM8bXRjttBoNgFXZFfHQBG8sI5iHJEmYns8mQmdllZlYISz7BysZCEVsrf8PWzg+xd/IoNPHAhcM593LvPWHCmTae9+UsLC4tr6zm1vLrG5tb225hp6bjVBFaJTGPVSPEmnImadUww2kjURSLkNN62L8c+fU7qjSL5Y0ZJDQQuCtZxAg2VrpthVhlZNglbbfolbwx0Dzxp6RYLty733sf75W2+9nqxCQVVBrCsdZN30tMkGFlGOF0mG+lmiaY9HGXNi2VWFAdZOODh+jQKh0UxcqWNGis/p7IsNB6IELbKbDp6VlvJP7nNVMTnQcZk0lqqCSTRVHKkYnR6HvUYYoSwweWYKKYvRWRHlaYGJtR3obgz748T2rHJf+kdHFt0ziFCXKwDwdwBD6cQRmuoAJVICDgAZ7g2VHOo/PivE5aF5zpzC78gfP2A6rnk/w=</latexit>

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

https://arxiv.org/abs/1610.01073
https://arxiv.org/abs/1510.04299


Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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Y (4230)

<latexit sha1_base64="bWlcjqQUwusgsXgZatib+QtRqA0=">AAAB/XicbVDLSsNAFL3xWesrPjbiJliEuilJLWh3BTcuK9iHtKFMJpN26OTBzESoIeinuHGhiFv/w51/4yTtQlsPXDicc+/cuceJGBXSNL+1peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kCCMBqQlqWSkG3GCfIeRjjO+yvzOPeGChsGtnETE9tEwoB7FSCppoB/28zcSTtw0uSvXqufmWTrQS2bFzGEsEmtGSo2jJ8jQHOhffTfEsU8CiRkSomeZkbQTxCXFjKTFfixIhPAYDUlP0QD5RNhJvjk1TpXiGl7IVQXSyNXfEwnyhZj4jur0kRyJeS8T//N6sfQu7YQGUSxJgKeLvJgZMjSyKAyXcoIlmyiCMKfqrwYeIY6wVIEVVQjW/MmLpF2tWLVK/UalUYcpCnAMJ1AGCy6gAdfQhBZgeIBneIU37VF70d61j2nrkjabOYA/0D5/AJqElWQ=</latexit>

 Scenario 2:         hybrid
• Lattice hybrid energy 180 MeV high, but with 

systematics roughly correct (arxiv:1610.01073)
• Lattice Potential + pNRQCD energy consistent 

(arxiv:1510.04299)
• Decays to S-wave open charm forbidden

(arxiv:0507119) => S-P mesons           important

c̄gc

<latexit sha1_base64="uhWSx9of8HIWCHco65o65Zq6qXE=">AAAB8HicbVC7SgNBFL3rM8bXRjttBoNgFXZFfHQBG8sI5iHJEmYns8mQmdllZlYISz7BysZCEVsrf8PWzg+xd/IoNPHAhcM593LvPWHCmTae9+UsLC4tr6zm1vLrG5tb225hp6bjVBFaJTGPVSPEmnImadUww2kjURSLkNN62L8c+fU7qjSL5Y0ZJDQQuCtZxAg2VrpthVhlZNglbbfolbwx0Dzxp6RYLty733sf75W2+9nqxCQVVBrCsdZN30tMkGFlGOF0mG+lmiaY9HGXNi2VWFAdZOODh+jQKh0UxcqWNGis/p7IsNB6IELbKbDp6VlvJP7nNVMTnQcZk0lqqCSTRVHKkYnR6HvUYYoSwweWYKKYvRWRHlaYGJtR3obgz748T2rHJf+kdHFt0ziFCXKwDwdwBD6cQRmuoAJVICDgAZ7g2VHOo/PivE5aF5zpzC78gfP2A6rnk/w=</latexit>

D1D̄

<latexit sha1_base64="QafkTg8ouaRkGw1/KS+Y6YoDyWQ=">AAAB8nicbVA9SwNBEN2LXzFGjVraLAbBKtyJEO0CprCMYD7gEsLeZi9Zsrd77M4J4UjpT7CxUMTWn2Fjayf+FsHNR6GJDwYe780wMy+IBTfgup9OZmV1bX0ju5nbym/v7Bb29htGJZqyOlVC6VZADBNcsjpwEKwVa0aiQLBmMLyc+M1bpg1X8gZGMetEpC95yCkBK/nVrofbAdFpddwtFN2SOwVeJt6cFCv5u53v97evWrfw0e4pmkRMAhXEGN9zY+ikRAOngo1z7cSwmNAh6TPfUkkiZjrp9OQxPrZKD4dK25KAp+rviZRExoyiwHZGBAZm0ZuI/3l+AuF5J+UyToBJOlsUJgKDwpP/cY9rRkGMLCFUc3srpgOiCQWbUs6G4C2+vEwapyXvrHRxbdMooxmy6BAdoRPkoTKqoCtUQ3VEkUL36BE9OeA8OM/Oy6w148xnDtAfOK8/G3qU6g==</latexit>

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

https://arxiv.org/abs/1610.01073
https://arxiv.org/abs/1510.04299
https://arxiv.org/abs/hep-ph/0507119


Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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Y (4230)

<latexit sha1_base64="bWlcjqQUwusgsXgZatib+QtRqA0=">AAAB/XicbVDLSsNAFL3xWesrPjbiJliEuilJLWh3BTcuK9iHtKFMJpN26OTBzESoIeinuHGhiFv/w51/4yTtQlsPXDicc+/cuceJGBXSNL+1peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kCCMBqQlqWSkG3GCfIeRjjO+yvzOPeGChsGtnETE9tEwoB7FSCppoB/28zcSTtw0uSvXqufmWTrQS2bFzGEsEmtGSo2jJ8jQHOhffTfEsU8CiRkSomeZkbQTxCXFjKTFfixIhPAYDUlP0QD5RNhJvjk1TpXiGl7IVQXSyNXfEwnyhZj4jur0kRyJeS8T//N6sfQu7YQGUSxJgKeLvJgZMjSyKAyXcoIlmyiCMKfqrwYeIY6wVIEVVQjW/MmLpF2tWLVK/UalUYcpCnAMJ1AGCy6gAdfQhBZgeIBneIU37VF70d61j2nrkjabOYA/0D5/AJqElWQ=</latexit>

 Scenario 2:         hybrid
• Lattice hybrid energy 180 MeV high, but with 

systematics roughly correct (arxiv:1610.01073)
• Lattice Potential + pNRQCD energy consistent 

(arxiv:1510.04299)
• Decays to S-wave open charm forbidden

(arxiv:0507119) => S-P mesons           important
• Heavy quark spin symmetry less broken than in 

quarkonia: 

c̄gc

<latexit sha1_base64="uhWSx9of8HIWCHco65o65Zq6qXE=">AAAB8HicbVC7SgNBFL3rM8bXRjttBoNgFXZFfHQBG8sI5iHJEmYns8mQmdllZlYISz7BysZCEVsrf8PWzg+xd/IoNPHAhcM593LvPWHCmTae9+UsLC4tr6zm1vLrG5tb225hp6bjVBFaJTGPVSPEmnImadUww2kjURSLkNN62L8c+fU7qjSL5Y0ZJDQQuCtZxAg2VrpthVhlZNglbbfolbwx0Dzxp6RYLty733sf75W2+9nqxCQVVBrCsdZN30tMkGFlGOF0mG+lmiaY9HGXNi2VWFAdZOODh+jQKh0UxcqWNGis/p7IsNB6IELbKbDp6VlvJP7nNVMTnQcZk0lqqCSTRVHKkYnR6HvUYYoSwweWYKKYvRWRHlaYGJtR3obgz748T2rHJf+kdHFt0ziFCXKwDwdwBD6cQRmuoAJVICDgAZ7g2VHOo/PivE5aF5zpzC78gfP2A6rnk/w=</latexit>

D1D̄

<latexit sha1_base64="QafkTg8ouaRkGw1/KS+Y6YoDyWQ=">AAAB8nicbVA9SwNBEN2LXzFGjVraLAbBKtyJEO0CprCMYD7gEsLeZi9Zsrd77M4J4UjpT7CxUMTWn2Fjayf+FsHNR6GJDwYe780wMy+IBTfgup9OZmV1bX0ju5nbym/v7Bb29htGJZqyOlVC6VZADBNcsjpwEKwVa0aiQLBmMLyc+M1bpg1X8gZGMetEpC95yCkBK/nVrofbAdFpddwtFN2SOwVeJt6cFCv5u53v97evWrfw0e4pmkRMAhXEGN9zY+ikRAOngo1z7cSwmNAh6TPfUkkiZjrp9OQxPrZKD4dK25KAp+rviZRExoyiwHZGBAZm0ZuI/3l+AuF5J+UyToBJOlsUJgKDwpP/cY9rRkGMLCFUc3srpgOiCQWbUs6G4C2+vEwapyXvrHRxbdMooxmy6BAdoRPkoTKqoCtUQ3VEkUL36BE9OeA8OM/Oy6w148xnDtAfOK8/G3qU6g==</latexit>

⇤QCD/mQ

<latexit sha1_base64="I+ckFJHscKpsW4TFoCTmrwj0AkE=">AAACA3icbVC7SgNBFJ31GeMrahebwSBYxV0Rol0gFhYWCZgHZMMyO5kkQ2YfzNwVw7JgI/6JjYUiNhbWWqfzb5w8Ck08MHA451zu3OOGgiswzW9jYXFpeWU1tZZe39jc2s7s7NZUEEnKqjQQgWy4RDHBfVYFDoI1QsmI5wpWd/ulkV+/YVLxwL+GQchaHun6vMMpAS05max9pcNt4sQ2sFuIK6WLJMHH2HMqTiZn5s0x8DyxpiRXzH7lH4af72UnM7TbAY085gMVRKmmZYbQiokETgVL0nakWEhon3RZU1OfeEy14vENCT7USht3AqmfD3is/p6IiafUwHN10iPQU7PeSPzPa0bQOWvF3A8jYD6dLOpEAkOAR4XgNpeMghhoQqjk+q+Y9ogkFHRtaV2CNXvyPKmd5K3T/HlFt1FAE6TQPjpAR8hCBVREl6iMqoiiO/SIntGLcW88Ga/G2yS6YExn9tAfGB8/p4KbRg==</latexit>

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

https://arxiv.org/abs/1610.01073
https://arxiv.org/abs/1510.04299
https://arxiv.org/abs/hep-ph/0507119


 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

 Spatial Structure
• Molecular + Hybrid most probable

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>



 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

 Spatial Structure
• Molecular + Hybrid most probable
• Hydrocharmonium  proposed (arxiv:1309.1681) 

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

https://arxiv.org/abs/1309.1681


 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

 Spatial Structure
• Molecular + Hybrid most probable
• Hydrocharmonium  proposed (arxiv:1309.1681) 
• Compact Tetraquarks proposed (arxiv:1405.1551)

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

https://arxiv.org/abs/1309.1681
https://arxiv.org/abs/1405.1551


 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

 Spatial Structure
• Molecular + Hybrid most probable
• Hydrocharmonium  proposed (arxiv:1309.1681) 
• Compact Tetraquarks proposed (arxiv:1405.1551)

 Pole Structure: Bound State (if molecular)

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

https://arxiv.org/abs/1309.1681
https://arxiv.org/abs/1405.1551


 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

 Spatial Structure
• Molecular + Hybrid most probable
• Hydrocharmonium  proposed (arxiv:1309.1681) 
• Compact Tetraquarks proposed (arxiv:1405.1551)

 Pole Structure: Bound State (if molecular)

 Leptonic Width to Distinguish Measurements  
• Molecular: ~500 eV
• Hybrid :     ~40   eV 

�e+e� [Y (4230)] > 29.1± 7.4 eV

<latexit sha1_base64="WXUnw2DoT7DbN8uI6MxfiAiu4AI="></latexit>

arxiv:1907.07583

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

https://arxiv.org/abs/1309.1681
https://arxiv.org/abs/1405.1551


Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Zc(3900)

<latexit sha1_base64="+w1W8XF4yazfQMCrz2HK+BEeIt4=">AAAB8HicbVC7SgNBFL0bXzG+ohYWNoNBiE3YVSGmC9hYRjAPTZYwO5lNhszMLjOzQgj5BgsbC0Vs/Qw/wc4fsXbyKDTxwIXDOfdy7z1BzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5NR4kitEoiHqlGgDXlTNKqYYbTRqwoFgGn9aB/Ofbr91RpFskbM4ipL3BXspARbKx0e9cm+bOS6560szm34E6AFok3I7nyQfLx0Mp/V9rZz1YnIomg0hCOtW56bmz8IVaGEU5HmVaiaYxJH3dp01KJBdX+cHLwCB1bpYPCSNmSBk3U3xNDLLQeiMB2Cmx6et4bi/95zcSEF/6QyTgxVJLpojDhyERo/D3qMEWJ4QNLMFHM3opIDytMjM0oY0Pw5l9eJLXTgndeKF3bNIowRRoO4Qjy4EERynAFFagCAQGP8AwvjnKenFfnbdqacmYz+/AHzvsPksKSoQ==</latexit>

Zb(10610)

<latexit sha1_base64="MkLBPf5QBqwvyVHipG0WiG03uTQ=">AAAB8XicbVC7SgNBFL3rM8ZX1MLCZjAIsQm7Ika7gI1lBPMgyRJmJ7PJkNmZZWZWCEu+wcbGQhFb/8JPsPNHrJ08Ck08cOFwzr3ce08Qc6aN6345S8srq2vrmY3s5tb2zm5ub7+mZaIIrRLJpWoEWFPOBK0aZjhtxIriKOC0Hgyux379nirNpLgzw5j6Ee4JFjKCjZWazU5Q8NwLzz3t5PJu0Z0ALRJvRvLlw+TjoV34rnRyn+2uJElEhSEca93y3Nj4KVaGEU5H2XaiaYzJAPdoy1KBI6r9dHLxCJ1YpYtCqWwJgybq74kUR1oPo8B2Rtj09bw3Fv/zWokJL/2UiTgxVJDpojDhyEg0fh91maLE8KElmChmb0WkjxUmxoaUtSF48y8vktpZ0TsvXt3aNEowRQaO4BgK4EEJynADFagCAQGP8AwvjnaenFfnbdq65MxmDuAPnPcf+wGS1g==</latexit>



 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>



 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

Has Isospin charge
=> cannot be quarkonia



 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

Notable Decays
                        :                                      ,

                     

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

B((BB̄⇤)+) = 86%

<latexit sha1_base64="5A6MH142czE1pMBNz8QNeTyOugk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAptgolkaLtQih147KCvUCTlsl02g6dXJiZCCXkEdz4Km5cKOLWpTvfxkmbhVZ/GPj4zznMOb8TMCqkYXxpmZXVtfWN7GZua3tnd0/fP2gLP+SYtLDPfN51kCCMeqQlqWSkG3CCXIeRjjO9Tuqde8IF9b07OQuI7aKxR0cUI6msgX5iuUhOMGJRIy7CYgNaDuKK+9FpXOqfwRK8gtULqzDQ80bZmAv+BTOFPEjVHOif1tDHoUs8iRkSomcagbQjxCXFjMQ5KxQkQHiKxqSn0EMuEXY0PyiGBeUM4cjn6nkSzt2fExFyhZi5jupM1hfLtcT8r9YL5ahqR9QLQkk8vPhoFDIofZikA4eUEyzZTAHCnKpdIZ4gjrBUGeZUCObyyX+hfV42K+XabSVfr6VxZMEROAZFYIJLUAc3oAlaAIMH8ARewKv2qD1rb9r7ojWjpTOH4Je0j29Hbpoo</latexit>

B(⌥(nS)⇡+) ⇠ 3%

<latexit sha1_base64="yEQ7FJzQurNjcCJ7GYCzswFyHXk=">AAACEnicbVDNSsNAGNzUv1r/oh69LJZCi1ASLWhvRS8eK5q20MSy2W7bpZtN2N0IJfQZvPgqXjwo4tWTN9/GTZuDtg4sDDPfx7czfsSoVJb1beRWVtfWN/Kbha3tnd09c/+gJcNYYOLgkIWi4yNJGOXEUVQx0okEQYHPSNsfX6V++4EISUN+pyYR8QI05HRAMVJa6pkVN0BqhBFLLqdl6DqRpCzkZX5bcSN6fwIr0JU0gGduqWcWrao1A1wmdkaKIEOzZ365/RDHAeEKMyRl17Yi5SVIKIoZmRbcWJII4TEakq6mHAVEesks0hSWtNKHg1DoxxWcqb83EhRIOQl8PZkGkIteKv7ndWM1uPASyqNYEY7nhwYxgyqEaT+wTwXBik00QVhQ/VeIR0ggrHSLBV2CvRh5mbROq3atWr+pFRv1rI48OALHoAxscA4a4Bo0gQMweATP4BW8GU/Gi/FufMxHc0a2cwj+wPj8AV3Gm/g=</latexit>



 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

Notable Decays
                        :                                      ,

                      :

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

B((BB̄⇤)+) = 86%

<latexit sha1_base64="5A6MH142czE1pMBNz8QNeTyOugk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAptgolkaLtQih147KCvUCTlsl02g6dXJiZCCXkEdz4Km5cKOLWpTvfxkmbhVZ/GPj4zznMOb8TMCqkYXxpmZXVtfWN7GZua3tnd0/fP2gLP+SYtLDPfN51kCCMeqQlqWSkG3CCXIeRjjO9Tuqde8IF9b07OQuI7aKxR0cUI6msgX5iuUhOMGJRIy7CYgNaDuKK+9FpXOqfwRK8gtULqzDQ80bZmAv+BTOFPEjVHOif1tDHoUs8iRkSomcagbQjxCXFjMQ5KxQkQHiKxqSn0EMuEXY0PyiGBeUM4cjn6nkSzt2fExFyhZi5jupM1hfLtcT8r9YL5ahqR9QLQkk8vPhoFDIofZikA4eUEyzZTAHCnKpdIZ4gjrBUGeZUCObyyX+hfV42K+XabSVfr6VxZMEROAZFYIJLUAc3oAlaAIMH8ARewKv2qD1rb9r7ojWjpTOH4Je0j29Hbpoo</latexit>

B(⌥(nS)⇡+) ⇠ 3%

<latexit sha1_base64="yEQ7FJzQurNjcCJ7GYCzswFyHXk=">AAACEnicbVDNSsNAGNzUv1r/oh69LJZCi1ASLWhvRS8eK5q20MSy2W7bpZtN2N0IJfQZvPgqXjwo4tWTN9/GTZuDtg4sDDPfx7czfsSoVJb1beRWVtfWN/Kbha3tnd09c/+gJcNYYOLgkIWi4yNJGOXEUVQx0okEQYHPSNsfX6V++4EISUN+pyYR8QI05HRAMVJa6pkVN0BqhBFLLqdl6DqRpCzkZX5bcSN6fwIr0JU0gGduqWcWrao1A1wmdkaKIEOzZ365/RDHAeEKMyRl17Yi5SVIKIoZmRbcWJII4TEakq6mHAVEesks0hSWtNKHg1DoxxWcqb83EhRIOQl8PZkGkIteKv7ndWM1uPASyqNYEY7nhwYxgyqEaT+wTwXBik00QVhQ/VeIR0ggrHSLBV2CvRh5mbROq3atWr+pFRv1rI48OALHoAxscA4a4Bo0gQMweATP4BW8GU/Gi/FufMxHc0a2cwj+wPj8AV3Gm/g=</latexit>

B((DD̄⇤)±) / B(J/ ⇡±) = 6.2

<latexit sha1_base64="LGnc9MWYKI3vXsKqS10jrMtG6pw="></latexit>



 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

Notable Decays
                        :                                      ,

                      :

Annihilation Effects Suppressed = 
minimal valence components 

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

B((BB̄⇤)+) = 86%

<latexit sha1_base64="5A6MH142czE1pMBNz8QNeTyOugk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAptgolkaLtQih147KCvUCTlsl02g6dXJiZCCXkEdz4Km5cKOLWpTvfxkmbhVZ/GPj4zznMOb8TMCqkYXxpmZXVtfWN7GZua3tnd0/fP2gLP+SYtLDPfN51kCCMeqQlqWSkG3CCXIeRjjO9Tuqde8IF9b07OQuI7aKxR0cUI6msgX5iuUhOMGJRIy7CYgNaDuKK+9FpXOqfwRK8gtULqzDQ80bZmAv+BTOFPEjVHOif1tDHoUs8iRkSomcagbQjxCXFjMQ5KxQkQHiKxqSn0EMuEXY0PyiGBeUM4cjn6nkSzt2fExFyhZi5jupM1hfLtcT8r9YL5ahqR9QLQkk8vPhoFDIofZikA4eUEyzZTAHCnKpdIZ4gjrBUGeZUCObyyX+hfV42K+XabSVfr6VxZMEROAZFYIJLUAc3oAlaAIMH8ARewKv2qD1rb9r7ojWjpTOH4Je0j29Hbpoo</latexit>

B(⌥(nS)⇡+) ⇠ 3%

<latexit sha1_base64="yEQ7FJzQurNjcCJ7GYCzswFyHXk=">AAACEnicbVDNSsNAGNzUv1r/oh69LJZCi1ASLWhvRS8eK5q20MSy2W7bpZtN2N0IJfQZvPgqXjwo4tWTN9/GTZuDtg4sDDPfx7czfsSoVJb1beRWVtfWN/Kbha3tnd09c/+gJcNYYOLgkIWi4yNJGOXEUVQx0okEQYHPSNsfX6V++4EISUN+pyYR8QI05HRAMVJa6pkVN0BqhBFLLqdl6DqRpCzkZX5bcSN6fwIr0JU0gGduqWcWrao1A1wmdkaKIEOzZ365/RDHAeEKMyRl17Yi5SVIKIoZmRbcWJII4TEakq6mHAVEesks0hSWtNKHg1DoxxWcqb83EhRIOQl8PZkGkIteKv7ndWM1uPASyqNYEY7nhwYxgyqEaT+wTwXBik00QVhQ/VeIR0ggrHSLBV2CvRh5mbROq3atWr+pFRv1rI48OALHoAxscA4a4Bo0gQMweATP4BW8GU/Gi/FufMxHc0a2cwj+wPj8AV3Gm/g=</latexit>

B((DD̄⇤)±) / B(J/ ⇡±) = 6.2

<latexit sha1_base64="LGnc9MWYKI3vXsKqS10jrMtG6pw="></latexit>

Q̄Qq̄q

<latexit sha1_base64="dnkDJshaV1bSOQHq3I0N/9TAa3A=">AAAB+3icbZDLSsNAFIZPvNZ6i3WpyGARXJVEBHVXdOOyAXuBNpTJdNoOnVw6MxFLyNLXcONCEbdCn8Odz+BLOE270NYfBj7+cw7nzO9FnEllWV/G0vLK6tp6biO/ubW9s2vuFWoyjAWhVRLyUDQ8LClnAa0qpjhtRIJi3+O07g1uJvX6PRWShcGdGkXU9XEvYF1GsNJW2yy0PCwSJ3VQBsMUDdtm0SpZmdAi2DMolg/Hzvfj0bjSNj9bnZDEPg0U4VjKpm1Fyk2wUIxwmuZbsaQRJgPco02NAfapdJPs9hSdaKeDuqHQL1Aoc39PJNiXcuR7utPHqi/naxPzv1ozVt1LN2FBFCsakOmibsyRCtEkCNRhghLFRxowEUzfikgfC0yUjiuvQ7Dnv7wItbOSfV66cuxi+RqmysEBHMMp2HABZbiFClSBwAM8wQu8GqnxbLwZ79PWJWM2sw9/ZHz8AKUrl+k=</latexit>



 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

Notable Decays
                        :                                      ,

                      :

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

B((BB̄⇤)+) = 86%

<latexit sha1_base64="5A6MH142czE1pMBNz8QNeTyOugk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAptgolkaLtQih147KCvUCTlsl02g6dXJiZCCXkEdz4Km5cKOLWpTvfxkmbhVZ/GPj4zznMOb8TMCqkYXxpmZXVtfWN7GZua3tnd0/fP2gLP+SYtLDPfN51kCCMeqQlqWSkG3CCXIeRjjO9Tuqde8IF9b07OQuI7aKxR0cUI6msgX5iuUhOMGJRIy7CYgNaDuKK+9FpXOqfwRK8gtULqzDQ80bZmAv+BTOFPEjVHOif1tDHoUs8iRkSomcagbQjxCXFjMQ5KxQkQHiKxqSn0EMuEXY0PyiGBeUM4cjn6nkSzt2fExFyhZi5jupM1hfLtcT8r9YL5ahqR9QLQkk8vPhoFDIofZikA4eUEyzZTAHCnKpdIZ4gjrBUGeZUCObyyX+hfV42K+XabSVfr6VxZMEROAZFYIJLUAc3oAlaAIMH8ARewKv2qD1rb9r7ojWjpTOH4Je0j29Hbpoo</latexit>

B(⌥(nS)⇡+) ⇠ 3%

<latexit sha1_base64="yEQ7FJzQurNjcCJ7GYCzswFyHXk=">AAACEnicbVDNSsNAGNzUv1r/oh69LJZCi1ASLWhvRS8eK5q20MSy2W7bpZtN2N0IJfQZvPgqXjwo4tWTN9/GTZuDtg4sDDPfx7czfsSoVJb1beRWVtfWN/Kbha3tnd09c/+gJcNYYOLgkIWi4yNJGOXEUVQx0okEQYHPSNsfX6V++4EISUN+pyYR8QI05HRAMVJa6pkVN0BqhBFLLqdl6DqRpCzkZX5bcSN6fwIr0JU0gGduqWcWrao1A1wmdkaKIEOzZ365/RDHAeEKMyRl17Yi5SVIKIoZmRbcWJII4TEakq6mHAVEesks0hSWtNKHg1DoxxWcqb83EhRIOQl8PZkGkIteKv7ndWM1uPASyqNYEY7nhwYxgyqEaT+wTwXBik00QVhQ/VeIR0ggrHSLBV2CvRh5mbROq3atWr+pFRv1rI48OALHoAxscA4a4Bo0gQMweATP4BW8GU/Gi/FufMxHc0a2cwj+wPj8AV3Gm/g=</latexit>

B((DD̄⇤)±) / B(J/ ⇡±) = 6.2

<latexit sha1_base64="LGnc9MWYKI3vXsKqS10jrMtG6pw="></latexit>

MZb = 10607.2± 2.0 MeV

<latexit sha1_base64="n+FfeEzqK+MGGhDDJmQ5cmwt8AI="></latexit>

�Zb = 18.4± 2.4 MeV

<latexit sha1_base64="WCFMaTU0IPjfvs5gqye0nussDIA="></latexit>



 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

Notable Decays
                        :                                      ,

                      :

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

B((BB̄⇤)+) = 86%

<latexit sha1_base64="5A6MH142czE1pMBNz8QNeTyOugk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAptgolkaLtQih147KCvUCTlsl02g6dXJiZCCXkEdz4Km5cKOLWpTvfxkmbhVZ/GPj4zznMOb8TMCqkYXxpmZXVtfWN7GZua3tnd0/fP2gLP+SYtLDPfN51kCCMeqQlqWSkG3CCXIeRjjO9Tuqde8IF9b07OQuI7aKxR0cUI6msgX5iuUhOMGJRIy7CYgNaDuKK+9FpXOqfwRK8gtULqzDQ80bZmAv+BTOFPEjVHOif1tDHoUs8iRkSomcagbQjxCXFjMQ5KxQkQHiKxqSn0EMuEXY0PyiGBeUM4cjn6nkSzt2fExFyhZi5jupM1hfLtcT8r9YL5ahqR9QLQkk8vPhoFDIofZikA4eUEyzZTAHCnKpdIZ4gjrBUGeZUCObyyX+hfV42K+XabSVfr6VxZMEROAZFYIJLUAc3oAlaAIMH8ARewKv2qD1rb9r7ojWjpTOH4Je0j29Hbpoo</latexit>

B(⌥(nS)⇡+) ⇠ 3%

<latexit sha1_base64="yEQ7FJzQurNjcCJ7GYCzswFyHXk=">AAACEnicbVDNSsNAGNzUv1r/oh69LJZCi1ASLWhvRS8eK5q20MSy2W7bpZtN2N0IJfQZvPgqXjwo4tWTN9/GTZuDtg4sDDPfx7czfsSoVJb1beRWVtfWN/Kbha3tnd09c/+gJcNYYOLgkIWi4yNJGOXEUVQx0okEQYHPSNsfX6V++4EISUN+pyYR8QI05HRAMVJa6pkVN0BqhBFLLqdl6DqRpCzkZX5bcSN6fwIr0JU0gGduqWcWrao1A1wmdkaKIEOzZ365/RDHAeEKMyRl17Yi5SVIKIoZmRbcWJII4TEakq6mHAVEesks0hSWtNKHg1DoxxWcqb83EhRIOQl8PZkGkIteKv7ndWM1uPASyqNYEY7nhwYxgyqEaT+wTwXBik00QVhQ/VeIR0ggrHSLBV2CvRh5mbROq3atWr+pFRv1rI48OALHoAxscA4a4Bo0gQMweATP4BW8GU/Gi/FufMxHc0a2cwj+wPj8AV3Gm/g=</latexit>

B((DD̄⇤)±) / B(J/ ⇡±) = 6.2

<latexit sha1_base64="LGnc9MWYKI3vXsKqS10jrMtG6pw="></latexit>

MZb = 10607.2± 2.0 MeV

<latexit sha1_base64="n+FfeEzqK+MGGhDDJmQ5cmwt8AI="></latexit>

�Zb = 18.4± 2.4 MeV

<latexit sha1_base64="WCFMaTU0IPjfvs5gqye0nussDIA="></latexit>

� = MBB̄⇤ �MZb = 3(3) MeV

<latexit sha1_base64="RqGfNKwuozXCunCY95jZwMGl3Dw="></latexit>



 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

 Lattice QCD Studies
•                    (arxiv:1912.02656)

• Extracted potential between B and B* (assuming eigenstate exclusively BB*)
• Sizable attraction for small r 
• Virtual State found for certain parameterizations of extracted potential

Notable Decays
                        :                                      ,

                      :

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

B((BB̄⇤)+) = 86%

<latexit sha1_base64="5A6MH142czE1pMBNz8QNeTyOugk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAptgolkaLtQih147KCvUCTlsl02g6dXJiZCCXkEdz4Km5cKOLWpTvfxkmbhVZ/GPj4zznMOb8TMCqkYXxpmZXVtfWN7GZua3tnd0/fP2gLP+SYtLDPfN51kCCMeqQlqWSkG3CCXIeRjjO9Tuqde8IF9b07OQuI7aKxR0cUI6msgX5iuUhOMGJRIy7CYgNaDuKK+9FpXOqfwRK8gtULqzDQ80bZmAv+BTOFPEjVHOif1tDHoUs8iRkSomcagbQjxCXFjMQ5KxQkQHiKxqSn0EMuEXY0PyiGBeUM4cjn6nkSzt2fExFyhZi5jupM1hfLtcT8r9YL5ahqR9QLQkk8vPhoFDIofZikA4eUEyzZTAHCnKpdIZ4gjrBUGeZUCObyyX+hfV42K+XabSVfr6VxZMEROAZFYIJLUAc3oAlaAIMH8ARewKv2qD1rb9r7ojWjpTOH4Je0j29Hbpoo</latexit>

B(⌥(nS)⇡+) ⇠ 3%

<latexit sha1_base64="yEQ7FJzQurNjcCJ7GYCzswFyHXk=">AAACEnicbVDNSsNAGNzUv1r/oh69LJZCi1ASLWhvRS8eK5q20MSy2W7bpZtN2N0IJfQZvPgqXjwo4tWTN9/GTZuDtg4sDDPfx7czfsSoVJb1beRWVtfWN/Kbha3tnd09c/+gJcNYYOLgkIWi4yNJGOXEUVQx0okEQYHPSNsfX6V++4EISUN+pyYR8QI05HRAMVJa6pkVN0BqhBFLLqdl6DqRpCzkZX5bcSN6fwIr0JU0gGduqWcWrao1A1wmdkaKIEOzZ365/RDHAeEKMyRl17Yi5SVIKIoZmRbcWJII4TEakq6mHAVEesks0hSWtNKHg1DoxxWcqb83EhRIOQl8PZkGkIteKv7ndWM1uPASyqNYEY7nhwYxgyqEaT+wTwXBik00QVhQ/VeIR0ggrHSLBV2CvRh5mbROq3atWr+pFRv1rI48OALHoAxscA4a4Bo0gQMweATP4BW8GU/Gi/FufMxHc0a2cwj+wPj8AV3Gm/g=</latexit>

B((DD̄⇤)±) / B(J/ ⇡±) = 6.2

<latexit sha1_base64="LGnc9MWYKI3vXsKqS10jrMtG6pw="></latexit>

MZb = 10607.2± 2.0 MeV

<latexit sha1_base64="n+FfeEzqK+MGGhDDJmQ5cmwt8AI="></latexit>

�Zb = 18.4± 2.4 MeV

<latexit sha1_base64="WCFMaTU0IPjfvs5gqye0nussDIA="></latexit>

� = MBB̄⇤ �MZb = 3(3) MeV

<latexit sha1_base64="RqGfNKwuozXCunCY95jZwMGl3Dw="></latexit>

Zb(10610)

<latexit sha1_base64="MkLBPf5QBqwvyVHipG0WiG03uTQ=">AAAB8XicbVC7SgNBFL3rM8ZX1MLCZjAIsQm7Ika7gI1lBPMgyRJmJ7PJkNmZZWZWCEu+wcbGQhFb/8JPsPNHrJ08Ck08cOFwzr3ce08Qc6aN6345S8srq2vrmY3s5tb2zm5ub7+mZaIIrRLJpWoEWFPOBK0aZjhtxIriKOC0Hgyux379nirNpLgzw5j6Ee4JFjKCjZWazU5Q8NwLzz3t5PJu0Z0ALRJvRvLlw+TjoV34rnRyn+2uJElEhSEca93y3Nj4KVaGEU5H2XaiaYzJAPdoy1KBI6r9dHLxCJ1YpYtCqWwJgybq74kUR1oPo8B2Rtj09bw3Fv/zWokJL/2UiTgxVJDpojDhyEg0fh91maLE8KElmChmb0WkjxUmxoaUtSF48y8vktpZ0TsvXt3aNEowRQaO4BgK4EEJynADFagCAQGP8AwvjnaenFfnbdq65MxmDuAPnPcf+wGS1g==</latexit>

https://arxiv.org/abs/1912.02656


 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

Notable Decays
                        :                                      ,

                      :

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

B((BB̄⇤)+) = 86%

<latexit sha1_base64="5A6MH142czE1pMBNz8QNeTyOugk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAptgolkaLtQih147KCvUCTlsl02g6dXJiZCCXkEdz4Km5cKOLWpTvfxkmbhVZ/GPj4zznMOb8TMCqkYXxpmZXVtfWN7GZua3tnd0/fP2gLP+SYtLDPfN51kCCMeqQlqWSkG3CCXIeRjjO9Tuqde8IF9b07OQuI7aKxR0cUI6msgX5iuUhOMGJRIy7CYgNaDuKK+9FpXOqfwRK8gtULqzDQ80bZmAv+BTOFPEjVHOif1tDHoUs8iRkSomcagbQjxCXFjMQ5KxQkQHiKxqSn0EMuEXY0PyiGBeUM4cjn6nkSzt2fExFyhZi5jupM1hfLtcT8r9YL5ahqR9QLQkk8vPhoFDIofZikA4eUEyzZTAHCnKpdIZ4gjrBUGeZUCObyyX+hfV42K+XabSVfr6VxZMEROAZFYIJLUAc3oAlaAIMH8ARewKv2qD1rb9r7ojWjpTOH4Je0j29Hbpoo</latexit>

B(⌥(nS)⇡+) ⇠ 3%

<latexit sha1_base64="yEQ7FJzQurNjcCJ7GYCzswFyHXk=">AAACEnicbVDNSsNAGNzUv1r/oh69LJZCi1ASLWhvRS8eK5q20MSy2W7bpZtN2N0IJfQZvPgqXjwo4tWTN9/GTZuDtg4sDDPfx7czfsSoVJb1beRWVtfWN/Kbha3tnd09c/+gJcNYYOLgkIWi4yNJGOXEUVQx0okEQYHPSNsfX6V++4EISUN+pyYR8QI05HRAMVJa6pkVN0BqhBFLLqdl6DqRpCzkZX5bcSN6fwIr0JU0gGduqWcWrao1A1wmdkaKIEOzZ365/RDHAeEKMyRl17Yi5SVIKIoZmRbcWJII4TEakq6mHAVEesks0hSWtNKHg1DoxxWcqb83EhRIOQl8PZkGkIteKv7ndWM1uPASyqNYEY7nhwYxgyqEaT+wTwXBik00QVhQ/VeIR0ggrHSLBV2CvRh5mbROq3atWr+pFRv1rI48OALHoAxscA4a4Bo0gQMweATP4BW8GU/Gi/FufMxHc0a2cwj+wPj8AV3Gm/g=</latexit>

B((DD̄⇤)±) / B(J/ ⇡±) = 6.2

<latexit sha1_base64="LGnc9MWYKI3vXsKqS10jrMtG6pw="></latexit>

MZc = 3888.4± 2.5 MeV

<latexit sha1_base64="sRAFoVXNSSDkdFugPHF5qUf0xXU="></latexit>

MZb = 10607.2± 2.0 MeV

<latexit sha1_base64="n+FfeEzqK+MGGhDDJmQ5cmwt8AI="></latexit>

�Zb = 18.4± 2.4 MeV

<latexit sha1_base64="WCFMaTU0IPjfvs5gqye0nussDIA="></latexit>

�Zc = 28.3± 2.5 MeV

<latexit sha1_base64="yYtMkqnmqJos7PJDwNKMSOmmsBU="></latexit>

� = MDD̄⇤ �MZc = 13 MeV

<latexit sha1_base64="2GMkEo5JFsbsQafXAzSqGaq9HtU="></latexit>

� = MBB̄⇤ �MZb = 3(3) MeV

<latexit sha1_base64="RqGfNKwuozXCunCY95jZwMGl3Dw="></latexit>



 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

MZc = 3888.4± 2.5 MeV

<latexit sha1_base64="sRAFoVXNSSDkdFugPHF5qUf0xXU="></latexit>

MZb = 10607.2± 2.0 MeV

<latexit sha1_base64="n+FfeEzqK+MGGhDDJmQ5cmwt8AI="></latexit>

�Zb = 18.4± 2.4 MeV

<latexit sha1_base64="WCFMaTU0IPjfvs5gqye0nussDIA="></latexit>

�Zc = 28.3± 2.5 MeV

<latexit sha1_base64="yYtMkqnmqJos7PJDwNKMSOmmsBU="></latexit>

� = MDD̄⇤ �MZc = 13 MeV

<latexit sha1_base64="2GMkEo5JFsbsQafXAzSqGaq9HtU="></latexit>

� = MBB̄⇤ �MZb = 3(3) MeV

<latexit sha1_base64="RqGfNKwuozXCunCY95jZwMGl3Dw="></latexit>

 Lattice QCD Studies
•                 :  (arxiv:1907.07583)

• Lattice includes diquark and two meson operators but does not find a bound 
state or narrow resonance 

Notable Decays
                        :                                      ,

                      :

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

B((BB̄⇤)+) = 86%

<latexit sha1_base64="5A6MH142czE1pMBNz8QNeTyOugk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAptgolkaLtQih147KCvUCTlsl02g6dXJiZCCXkEdz4Km5cKOLWpTvfxkmbhVZ/GPj4zznMOb8TMCqkYXxpmZXVtfWN7GZua3tnd0/fP2gLP+SYtLDPfN51kCCMeqQlqWSkG3CCXIeRjjO9Tuqde8IF9b07OQuI7aKxR0cUI6msgX5iuUhOMGJRIy7CYgNaDuKK+9FpXOqfwRK8gtULqzDQ80bZmAv+BTOFPEjVHOif1tDHoUs8iRkSomcagbQjxCXFjMQ5KxQkQHiKxqSn0EMuEXY0PyiGBeUM4cjn6nkSzt2fExFyhZi5jupM1hfLtcT8r9YL5ahqR9QLQkk8vPhoFDIofZikA4eUEyzZTAHCnKpdIZ4gjrBUGeZUCObyyX+hfV42K+XabSVfr6VxZMEROAZFYIJLUAc3oAlaAIMH8ARewKv2qD1rb9r7ojWjpTOH4Je0j29Hbpoo</latexit>

B(⌥(nS)⇡+) ⇠ 3%

<latexit sha1_base64="yEQ7FJzQurNjcCJ7GYCzswFyHXk=">AAACEnicbVDNSsNAGNzUv1r/oh69LJZCi1ASLWhvRS8eK5q20MSy2W7bpZtN2N0IJfQZvPgqXjwo4tWTN9/GTZuDtg4sDDPfx7czfsSoVJb1beRWVtfWN/Kbha3tnd09c/+gJcNYYOLgkIWi4yNJGOXEUVQx0okEQYHPSNsfX6V++4EISUN+pyYR8QI05HRAMVJa6pkVN0BqhBFLLqdl6DqRpCzkZX5bcSN6fwIr0JU0gGduqWcWrao1A1wmdkaKIEOzZ365/RDHAeEKMyRl17Yi5SVIKIoZmRbcWJII4TEakq6mHAVEesks0hSWtNKHg1DoxxWcqb83EhRIOQl8PZkGkIteKv7ndWM1uPASyqNYEY7nhwYxgyqEaT+wTwXBik00QVhQ/VeIR0ggrHSLBV2CvRh5mbROq3atWr+pFRv1rI48OALHoAxscA4a4Bo0gQMweATP4BW8GU/Gi/FufMxHc0a2cwj+wPj8AV3Gm/g=</latexit>

B((DD̄⇤)±) / B(J/ ⇡±) = 6.2

<latexit sha1_base64="LGnc9MWYKI3vXsKqS10jrMtG6pw="></latexit>

Zc(3900)

<latexit sha1_base64="+w1W8XF4yazfQMCrz2HK+BEeIt4=">AAAB8HicbVC7SgNBFL0bXzG+ohYWNoNBiE3YVSGmC9hYRjAPTZYwO5lNhszMLjOzQgj5BgsbC0Vs/Qw/wc4fsXbyKDTxwIXDOfdy7z1BzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5NR4kitEoiHqlGgDXlTNKqYYbTRqwoFgGn9aB/Ofbr91RpFskbM4ipL3BXspARbKx0e9cm+bOS6560szm34E6AFok3I7nyQfLx0Mp/V9rZz1YnIomg0hCOtW56bmz8IVaGEU5HmVaiaYxJH3dp01KJBdX+cHLwCB1bpYPCSNmSBk3U3xNDLLQeiMB2Cmx6et4bi/95zcSEF/6QyTgxVJLpojDhyERo/D3qMEWJ4QNLMFHM3opIDytMjM0oY0Pw5l9eJLXTgndeKF3bNIowRRoO4Qjy4EERynAFFagCAQGP8AwvjnKenFfnbdqacmYz+/AHzvsPksKSoQ==</latexit>

https://arxiv.org/abs/1907.07583


 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

MZc = 3888.4± 2.5 MeV

<latexit sha1_base64="sRAFoVXNSSDkdFugPHF5qUf0xXU="></latexit>

MZb = 10607.2± 2.0 MeV

<latexit sha1_base64="n+FfeEzqK+MGGhDDJmQ5cmwt8AI="></latexit>

�Zb = 18.4± 2.4 MeV

<latexit sha1_base64="WCFMaTU0IPjfvs5gqye0nussDIA="></latexit>

�Zc = 28.3± 2.5 MeV

<latexit sha1_base64="yYtMkqnmqJos7PJDwNKMSOmmsBU="></latexit>

� = MDD̄⇤ �MZc = 13 MeV

<latexit sha1_base64="2GMkEo5JFsbsQafXAzSqGaq9HtU="></latexit>

� = MBB̄⇤ �MZb = 3(3) MeV

<latexit sha1_base64="RqGfNKwuozXCunCY95jZwMGl3Dw="></latexit>

 Lattice QCD Studies
•                 :  (arxiv:1907.07583)

• Lattice includes diquark and two meson operators but does not find a bound 
state or narrow resonance 

• arxiv:1606.03008: consistent with both resonance and virtual states
=> Lattice studies done at multiple volumes can distinguish these cases

Notable Decays
                        :                                      ,

                      :

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

B((BB̄⇤)+) = 86%

<latexit sha1_base64="5A6MH142czE1pMBNz8QNeTyOugk=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAptgolkaLtQih147KCvUCTlsl02g6dXJiZCCXkEdz4Km5cKOLWpTvfxkmbhVZ/GPj4zznMOb8TMCqkYXxpmZXVtfWN7GZua3tnd0/fP2gLP+SYtLDPfN51kCCMeqQlqWSkG3CCXIeRjjO9Tuqde8IF9b07OQuI7aKxR0cUI6msgX5iuUhOMGJRIy7CYgNaDuKK+9FpXOqfwRK8gtULqzDQ80bZmAv+BTOFPEjVHOif1tDHoUs8iRkSomcagbQjxCXFjMQ5KxQkQHiKxqSn0EMuEXY0PyiGBeUM4cjn6nkSzt2fExFyhZi5jupM1hfLtcT8r9YL5ahqR9QLQkk8vPhoFDIofZikA4eUEyzZTAHCnKpdIZ4gjrBUGeZUCObyyX+hfV42K+XabSVfr6VxZMEROAZFYIJLUAc3oAlaAIMH8ARewKv2qD1rb9r7ojWjpTOH4Je0j29Hbpoo</latexit>

B(⌥(nS)⇡+) ⇠ 3%

<latexit sha1_base64="yEQ7FJzQurNjcCJ7GYCzswFyHXk=">AAACEnicbVDNSsNAGNzUv1r/oh69LJZCi1ASLWhvRS8eK5q20MSy2W7bpZtN2N0IJfQZvPgqXjwo4tWTN9/GTZuDtg4sDDPfx7czfsSoVJb1beRWVtfWN/Kbha3tnd09c/+gJcNYYOLgkIWi4yNJGOXEUVQx0okEQYHPSNsfX6V++4EISUN+pyYR8QI05HRAMVJa6pkVN0BqhBFLLqdl6DqRpCzkZX5bcSN6fwIr0JU0gGduqWcWrao1A1wmdkaKIEOzZ365/RDHAeEKMyRl17Yi5SVIKIoZmRbcWJII4TEakq6mHAVEesks0hSWtNKHg1DoxxWcqb83EhRIOQl8PZkGkIteKv7ndWM1uPASyqNYEY7nhwYxgyqEaT+wTwXBik00QVhQ/VeIR0ggrHSLBV2CvRh5mbROq3atWr+pFRv1rI48OALHoAxscA4a4Bo0gQMweATP4BW8GU/Gi/FufMxHc0a2cwj+wPj8AV3Gm/g=</latexit>

B((DD̄⇤)±) / B(J/ ⇡±) = 6.2

<latexit sha1_base64="LGnc9MWYKI3vXsKqS10jrMtG6pw="></latexit>

Zc(3900)

<latexit sha1_base64="+w1W8XF4yazfQMCrz2HK+BEeIt4=">AAAB8HicbVC7SgNBFL0bXzG+ohYWNoNBiE3YVSGmC9hYRjAPTZYwO5lNhszMLjOzQgj5BgsbC0Vs/Qw/wc4fsXbyKDTxwIXDOfdy7z1BzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5NR4kitEoiHqlGgDXlTNKqYYbTRqwoFgGn9aB/Ofbr91RpFskbM4ipL3BXspARbKx0e9cm+bOS6560szm34E6AFok3I7nyQfLx0Mp/V9rZz1YnIomg0hCOtW56bmz8IVaGEU5HmVaiaYxJH3dp01KJBdX+cHLwCB1bpYPCSNmSBk3U3xNDLLQeiMB2Cmx6et4bi/95zcSEF/6QyTgxVJLpojDhyERo/D3qMEWJ4QNLMFHM3opIDytMjM0oY0Pw5l9eJLXTgndeKF3bNIowRRoO4Qjy4EERynAFFagCAQGP8AwvjnKenFfnbdqacmYz+/AHzvsPksKSoQ==</latexit>

https://arxiv.org/abs/1907.07583
https://arxiv.org/abs/1606.03008


 Quantum Numbers

 Pole Structure:
                       (arxiv:1805.07453): virtual state ~1 MeV below threshold 

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

https://arxiv.org/abs/1805.07453


 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

 Pole Structure:
                       (arxiv:1805.07453): virtual state ~1 MeV below threshold 

                       (arxiv:1512.03638): virtual state or resonance

https://arxiv.org/abs/1805.07453
https://arxiv.org/abs/1512.03638


 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

 Pole Structure:
                       (arxiv:1805.07453): virtual state ~1 MeV below threshold 

                       (arxiv:1512.03638): virtual state or resonance

Smaller bin sizes and good energy 
resolution needed to distinguish 

https://arxiv.org/abs/1805.07453
https://arxiv.org/abs/1512.03638


 Pole Structure:
                       (arxiv:1805.07453): virtual state ~1 MeV below threshold 

                       (arxiv:1512.03638): virtual state or resonance

 Quantum Numbers

Zc(3900) and Zb(10610)

<latexit sha1_base64="nk7pA9863kR638Hb3aKZ4veUW+A=">AAACCnicbVC7SgNBFJ31GeMramkzGoSkCbMaoukCNpYRzAOTsMxOJsng7Owyc1cMS2obf8XGQhFbv8DOv3HyKDTxwIXDOfdy7z1+JIUBQr6dpeWV1bX11EZ6c2t7Zzezt183YawZr7FQhrrpU8OlULwGAiRvRprTwJe84d9djv3GPddGhOoGhhHvBLSvRE8wClbyMke3HsudlQnJ4zbwB0gwVV08wreen3NJySV5L5MlBTIBXiTujGTRDFUv89XuhiwOuAImqTEtl0TQSagGwSQfpdux4RFld7TPW5YqGnDTSSavjPCJVbq4F2pbCvBE/T2R0MCYYeDbzoDCwMx7Y/E/rxVD76KTCBXFwBWbLurFEkOIx7ngrtCcgRxaQpkW9lbMBlRTBja9tA3BnX95kdRPC26xUL4uZiulWRwpdIiOUQ656BxV0BWqohpi6BE9o1f05jw5L8678zFtXXJmMwfoD5zPHywMl14=</latexit>

Q = ±, 0

<latexit sha1_base64="HFhJDdvA4VlL7A67hX6FhWbamxY=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKWgPQsGLxxbsB7RLyaZpG5pkQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5kWKM2N9/9vLbWxube/kdwt7+weHR8Xjk5aJE01ok8Q81p0IG8qZpE3LLKcdpSkWEaftaHI/99tPVBsWy0c7VTQUeCTZkBFsndRu3PWUuPL7xZJf9hdA6yTISAky1PvFr94gJomg0hKOjekGvrJhirVlhNNZoZcYqjCZ4BHtOiqxoCZMF+fO0IVTBmgYa1fSooX6eyLFwpipiFynwHZsVr25+J/XTezwNkyZVImlkiwXDROObIzmv6MB05RYPnUEE83crYiMscbEuoQKLoRg9eV10rouB5VytVEp1apZHHk4g3O4hABuoAYPUIcmEJjAM7zCm6e8F+/d+1i25rxs5hT+wPv8AVMfjuY=</latexit>

JPC = 1+�

<latexit sha1_base64="aCZi1RYe/H3PT7r9t92hgwStUg8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAIghh2JaA5CIFcxFME84BkE2Yns8mQ2Qczs0Jc9ku8eFDEq5/izb9xkuxBEwsaiqpuurvciDOpLOvbyK2tb2xu5bcLO7t7+0Xz4LAlw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+6kPvPbj1RIFgYPahpRx8ejgHmMYKWlgVm86yeNeopukN1Pzi/SgVmyytYcaJXYGSlBhsbA/OoNQxL7NFCEYym7thUpJ8FCMcJpWujFkkaYTPCIdjUNsE+lk8wPT9GpVobIC4WuQKG5+nsiwb6UU9/VnT5WY7nszcT/vG6svGsnYUEUKxqQxSIv5kiFaJYCGjJBieJTTTARTN+KyBgLTJTOqqBDsJdfXiWty7JdKVfvK6VaNYsjD8dwAmdgwxXU4BYa0AQCMTzDK7wZT8aL8W58LFpzRjZzBH9gfP4AuH+R0w==</latexit>

IG = 1+

<latexit sha1_base64="9ePleVNt3J567X8duPDUI7UwzMY=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmVgvYgFDyotwr2A9ptyabZNjSbDUlWKEt/hBcPinj193jz35i2e9DWBwOP92aYmRdIzrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0nChC6yTmsWoFWFPOBK0bZjhtSUVxFHDaDEY3U7/5RJVmsXg0Y0n9CA8ECxnBxkrN++7ttdc97xWKbsmdAS0TLyNFyFDrFb46/ZgkERWGcKx123Ol8VOsDCOcTvKdRFOJyQgPaNtSgSOq/XR27gSdWqWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+57UTE175KRMyMVSQ+aIw4cjEaPo76jNFieFjSzBRzN6KyBArTIxNKG9D8BZfXiaNi5JXLlUeysVqJYsjB8dwAmfgwSVU4Q5qUAcCI3iGV3hzpPPivDsf89YVJ5s5gj9wPn8A9FqOqA==</latexit>

Zb(10610)

<latexit sha1_base64="VqNaVB31LXID7jlo6PZ9MlOZp+w=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquFLW3ghePFewHbZeSTbNtaDZZkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3B4VDw+aWmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0Hk7u5336iSjMpHs00pn6ER4KFjGBjpW53EJQ999pzLwfFkltxF0DrxMtICTI0BsWv/lCSJKLCEI617nlubPwUK8MIp7NCP9E0xmSCR7RnqcAR1X66uHiGLqwyRKFUtoRBC/X3RIojradRYDsjbMZ61ZuL/3m9xIS3fspEnBgqyHJRmHBkJJq/j4ZMUWL41BJMFLO3IjLGChNjQyrYELzVl9dJ66riVSu1h2qpXsviyMMZnEMZPLiBOtxDA5pAQMAzvMKbo50X5935WLbmnGzmFP7A+fwBKlSPRQ==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

 Spatial Structure
• (Multi) Molecular
• (arxiv:1808.00914)                                 mixing just as important as diagonal parts 

                                         of potential for 
⇡J/ (⇢⌘c)�DD̄⇤

<latexit sha1_base64="zhClVeRRKOhdjO6zdfoX94RGLDM=">AAACDHicbVC7SgNBFL0bXzG+olZiMxiEKBh3RdB0AVOIVQTzgOwaZiezZsjsg5lZISwBWxt/xcZCEVs/wM6/cTZJoYkHBg7nnMude9yIM6lM89vIzM0vLC5ll3Mrq2vrG/nNrYYMY0FonYQ8FC0XS8pZQOuKKU5bkaDYdzltuv2L1G/eUyFZGNyoQUQdH98FzGMEKy118gU7Yujq2I4kK9qiF9pU4Q45QEeoartYJNXh7aFOmSVzBDRLrAkpVHYeIEWtk/+yuyGJfRoowrGUbcuMlJNgoRjhdJizY0kjTPr4jrY1DbBPpZOMjhmifa10kRcK/QKFRurviQT7Ug58Vyd9rHpy2kvF/7x2rLxzJ2FBFCsakPEiL+ZIhShtBnWZoETxgSaYCKb/ikgPC0yU7i+nS7CmT54ljZOSdVoqX+s2yjBGFnZhD4pgwRlU4BJqUAcCj/AMr/BmPBkvxrvxMY5mjMnMNvyB8fkDZP6aqw==</latexit>

Zc(3900)

<latexit sha1_base64="9HiDaHRe6aPqcfMnkmDxSYM0yPc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFrS3ghePFeyHtkvJptk2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1ElWaRvDeTmPoCDyULGcHGSg+PfVK+rLnueb9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fozCoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpaFxWvWqndVUv1WhZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/CBo8Q</latexit>

https://arxiv.org/abs/1805.07453
https://arxiv.org/abs/1512.03638
https://arxiv.org/abs/1808.00914


 Other States I Won’t Discuss 

 v

                    the B*B* partner to
                    the D*D* partner to 
       partner to                not seen as              below open threshold
 Pentaquarks       molecule of 
 Exotic Flavour            : HadSpec                                       (arxiv:2008.06432)

    compared to X(2900) LHCb prelim results
         Spectrum from HadSpec (arxiv:2008.02656)

 More experimental data needed to nullify models for 
• Y(4360) (          partner of Y(4230)? )
• Y(4660) (            strange partner of Y(4230))?
• Z(4430) 

Zb(10650)

<latexit sha1_base64="xu9x/GYvhkfKwRz4Rv6y2POVABg=">AAAB8XicbVDLSsNAFL2pr1pfVVfiZrAIdVMS8dVdwY3LCvZB21Am00k7dDIJMxOhhIIf4caFIm79G3f+jZO0C209cOFwzr3ce48Xcaa0bX9buZXVtfWN/GZha3tnd6+4f9BUYSwJbZCQh7LtYUU5E7Shmea0HUmKA4/Tlje+Tf3WI5WKheJBTyLqBngomM8I1kbqdPpe2bGvLu2zfrFkV+wMaJk4c1KqHT1Binq/+NUbhCQOqNCEY6W6jh1pN8FSM8LptNCLFY0wGeMh7RoqcECVm2QXT9GpUQbID6UpoVGm/p5IcKDUJPBMZ4D1SC16qfif1421f+MmTESxpoLMFvkxRzpE6ftowCQlmk8MwUQycysiIywx0SakggnBWXx5mTTPK85FpXpv0qjCDHk4hhMogwPXUIM7qEMDCAh4hld4s5T1Yr1bH7PWnDWfOYQ/sD5/AFUekB4=</latexit>

Zb(10610)

<latexit sha1_base64="SDX+lIy0cGUivWgc1nZN7j0ch0c=">AAAB8XicbVBNSwMxEJ31s9avqifxEixCvZSNiNpbwYvHCvaDtkvJptk2NJtdkqxQloI/wosHRbz6b7z5b8y2PWjrg4HHezPMzPNjwbVx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0lCjK6jQSkWr5RDPBJasbbgRrxYqR0Bes6Y9uM7/5yJTmkXww45h5IRlIHnBKjJXa7Z5fwu4Vds97haJbdqdAywTPSbF6/AQZar3CV7cf0SRk0lBBtO5gNzZeSpThVLBJvptoFhM6IgPWsVSSkGkvnV48QWdW6aMgUrakQVP190RKQq3HoW87Q2KGetHLxP+8TmKCGy/lMk4Mk3S2KEgEMhHK3kd9rhg1YmwJoYrbWxEdEkWosSHlbQh48eVl0rgo48ty5d6mUYEZcnACp1ACDNdQhTuoQR0oSHiGV3hztPPivDsfs9YVZz5zBH/gfP4ATwaQGg==</latexit>

Zc(4020)

<latexit sha1_base64="4cRHIzWUvXcLweJIQmE7A8Sb1sw=">AAAB8HicbVBNSwMxEJ2tX7V+VT2Jl2AR6qXsloL2VvDisYL90HYp2TRtQ5PskmSFshT8D148KOLVn+PNf2O27UFbHww83pthZl4QcaaN6347mbX1jc2t7HZuZ3dv/yB/eNTUYawIbZCQh6odYE05k7RhmOG0HSmKRcBpKxhfp37rkSrNQnlnJhH1BR5KNmAEGyvdP/RIseKW3YtevuCW3BnQKvEWpFA7eYIU9V7+q9sPSSyoNIRjrTueGxk/wcowwuk01401jTAZ4yHtWCqxoNpPZgdP0blV+mgQKlvSoJn6eyLBQuuJCGynwGakl71U/M/rxGZw5SdMRrGhkswXDWKOTIjS71GfKUoMn1iCiWL2VkRGWGFibEY5G4K3/PIqaZZLXqVUvbVpVGGOLJzCGRTBg0uowQ3UoQEEBDzDK7w5ynlx3p2PeWvGWcwcwx84nz/djY/f</latexit>

Zc(3900)

<latexit sha1_base64="xOnlUQVBd2gTGZRMXQrCV7L1yhc=">AAAB8HicbVBNSwMxEJ2tX7V+VT2Jl2AR6qXsqqC9Fbx4rGA/tF1KNs22oUl2SbJCWQr+By8eFPHqz/HmvzHbetDWBwOP92aYmRfEnGnjul9Obml5ZXUtv17Y2Nza3inu7jV1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCkZXmd96oEqzSN6acUx9gQeShYxgY6W7+x4pn1Vd96RXLLkVdwq0SLwfUqodPEKGeq/42e1HJBFUGsKx1h3PjY2fYmUY4XRS6CaaxpiM8IB2LJVYUO2n04Mn6NgqfRRGypY0aKr+nkix0HosAtspsBnqeS8T//M6iQkv/ZTJODFUktmiMOHIRCj7HvWZosTwsSWYKGZvRWSIFSbGZlSwIXjzLy+S5mnFO69Ub2waVZghD4dwBGXw4AJqcA11aAABAU/wAq+Ocp6dN+d91ppzfmb24Q+cj2/muI/l</latexit>

Xb

<latexit sha1_base64="9so55zxvkQjDe6Q7bypn7fG3V7k=">AAAB6nicbVDLSgNBEOyNrxg1xsdNhMEgeAq7ImhuAS8eI5oHJEuYncwmQ2ZnlplZISz5BC8eFPHqz3j15l2/QyePgyYWNBRV3XR3BTFn2rjuh5NZWl5ZXcuu5zY2t/LbhZ3dupaJIrRGJJeqGWBNORO0ZpjhtBkriqOA00YwuBz7jTuqNJPi1gxj6ke4J1jICDZWuml2gk6h6JbcCdAi8WakWMl/f70d7n9WO4X3dleSJKLCEI61bnlubPwUK8MIp6NcO9E0xmSAe7RlqcAR1X46OXWEjq3SRaFUtoRBE/X3RIojrYdRYDsjbPp63huL/3mtxIQXfspEnBgqyHRRmHBkJBr/jbpMUWL40BJMFLO3ItLHChNj08nZELz5lxdJ/bTknZXK1zaNMkyRhQM4ghPw4BwqcAVVqAGBHtzDIzw53Hlwnp2XaWvGmc3swR84rz+cBpHA</latexit>

X(3872)

<latexit sha1_base64="I7iMqNUkg/wtOEEVCVmWPRA05TQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IR6qUkVWh7K3jxWMF+QBvKZrtpl242YXcjlFDwL3jxoIhXf483/42btAdtfTDweG+GmXlexJnStv1t5TY2t7Z38ruFvf2Dw6Pi8UlHhbEktE1CHsqehxXlTNC2ZprTXiQpDjxOu970NvW7j1QqFooHPYuoG+CxYD4jWBup2ytf12vVq2GxZFfsDGidOEtSap49QYrWsPg1GIUkDqjQhGOl+o4daTfBUjPC6bwwiBWNMJniMe0bKnBAlZtk587RpVFGyA+lKaFRpv6eSHCg1CzwTGeA9USteqn4n9ePtV93EyaiWFNBFov8mCMdovR3NGKSEs1nhmAimbkVkQmWmGiTUMGE4Ky+vE461YpzU2ncmzQasEAezuECyuBADZpwBy1oA4EpPMMrvFmR9WK9Wx+L1py1nDmFP7A+fwB6OY8V</latexit>

hb(2P )

<latexit sha1_base64="j4lT8Na8ST4SychF5+1WIrR7suk=">AAAB7nicbVDLSgNBEOz1GeMr6km8DAYhXsJuEDS3gBePEcwDkiXMTjrJkNnZZWZWCEvAX/DiQRGvfo83/8bZJAdNLGgoqrrp7gpiwbVx3W9nbX1jc2s7t5Pf3ds/OCwcHTd1lCiGDRaJSLUDqlFwiQ3DjcB2rJCGgcBWML7N/NYjKs0j+WAmMfohHUo+4IwaK7VGvaBUqV/2CkW37M5AVom3IMXa6RNkqPcKX91+xJIQpWGCat3x3Nj4KVWGM4HTfDfRGFM2pkPsWCppiNpPZ+dOyYVV+mQQKVvSkJn6eyKlodaTMLCdITUjvexl4n9eJzGDGz/lMk4MSjZfNEgEMRHJfid9rpAZMbGEMsXtrYSNqKLM2ITyNgRv+eVV0qyUvaty9d6mUYU5cnAG51ACD66hBndQhwYwGMMzvMKbEzsvzrvzMW9dcxYzJ/AHzucPPNePlA==</latexit>

Pc

<latexit sha1_base64="ZmVsf8LIs2U90XiTR8McSMtXNs8=">AAAB6nicbVDLSgNBEOyNrxg1xsdNhMEgeAq7ImhuAS8eI5oHJEuYncwmQ2ZnlplZISz5BC8eFPHqz3j15l2/QyePgyYWNBRV3XR3BTFn2rjuh5NZWl5ZXcuu5zY2t/LbhZ3dupaJIrRGJJeqGWBNORO0ZpjhtBkriqOA00YwuBz7jTuqNJPi1gxj6ke4J1jICDZWuql2SKdQdEvuBGiReDNSrOS/v94O9z+rncJ7uytJElFhCMdatzw3Nn6KlWGE01GunWgaYzLAPdqyVOCIaj+dnDpCx1bpolAqW8Kgifp7IsWR1sMosJ0RNn09743F/7xWYsILP2UiTgwVZLooTDgyEo3/Rl2mKDF8aAkmitlbEeljhYmx6eRsCN78y4ukflryzkrla5tGGabIwgEcwQl4cA4VuIIq1IBAD+7hEZ4c7jw4z87LtDXjzGb24A+c1x+RWpG5</latexit>

c̄c and p

<latexit sha1_base64="k8l36n23bjOlxjT1PskJMQUWPao=">AAACAXicbVC7SgNBFJ2Nrxhfq2kEm8EgWIXdIGi6gI1lBPOAZAmzk0kyZHZ2mbkrhmVt/BULLRSxtbWytPMz/AMnj0ITD1w4nHMv997jR4JrcJwvK7O0vLK6ll3PbWxube/Yu3t1HcaKshoNRaiaPtFMcMlqwEGwZqQYCXzBGv7wfOw3rpnSPJRXMIqYF5C+5D1OCRipY++3faISmlLcBnYDCSayi1Mc4Y5dcIrOBHiRuDNSqOS/30sfjYdqx/5sd0MaB0wCFUTrlutE4CVEAaeCpbl2rFlE6JD0WctQSQKmvWTyQYqPjNLFvVCZkoAn6u+JhARajwLfdAYEBnreG4v/ea0YemdewmUUA5N0uqgXCwwhHseBu1wxCmJkCKGKm1sxHRBFKJjQciYEd/7lRVIvFd2TYvnSpFFGU2TRATpEx8hFp6iCLlAV1RBFt+gePaFn6856tF6s12lrxprN5NEfWG8/7vWaSA==</latexit>

D1D
⇤

<latexit sha1_base64="e/55LFj9AQTtTSelO7sYUmCP8ac=">AAAB7XicbVDLSgNBEOyNrxg1xsdNhMEgiIewK4LmFjAHjxHMA5I1zE5mkzGzO8vMrBCW/IMXD4p49Vu8evOu36GTx0ETCxqKqm66u7yIM6Vt+8NKLSwuLa+kVzNr6xvZzdzWdk2JWBJaJYIL2fCwopyFtKqZ5rQRSYoDj9O6178Y+fU7KhUT4bUeRNQNcDdkPiNYG6lWbjvlm+N2Lm8X7DHQPHGmJF/Kfn+97e9+Vtq591ZHkDigoSYcK9V07Ei7CZaaEU6HmVasaIRJH3dp09AQB1S5yfjaITo0Sgf5QpoKNRqrvycSHCg1CDzTGWDdU7PeSPzPa8baP3cTFkaxpiGZLPJjjrRAo9dRh0lKNB8Ygolk5lZEelhiok1AGROCM/vyPKmdFJzTQvHKpFGECdKwBwdwBA6cQQkuoQJVIHAL9/AIT5awHqxn62XSmrKmMzvwB9brD9qpkmU=</latexit>

DsDs1

<latexit sha1_base64="tnd0+i57nfiLUjHHhGEekrrB3Wo=">AAAB8HicbVDLSgNBEOyNrxg1xsdNhMEgeAq7ImhuAXPwGME8JFmW2clsMmRmd5mZFcKSr/DiQRGv/olXb971O3TyOGhiQUNR1U13lx9zprRtf1iZpeWV1bXsem5jcyu/XdjZbagokYTWScQj2fKxopyFtK6Z5rQVS4qFz2nTH1yO/eYdlYpF4Y0extQVuBeygBGsjXRb9VTVS5Uz8gpFu2RPgBaJMyPFSv776+1w/7PmFd473YgkgoaacKxU27Fj7aZYakY4HeU6iaIxJgPco21DQyyoctPJwSN0bJQuCiJpKtRoov6eSLFQaih80ymw7qt5byz+57UTHVy4KQvjRNOQTBcFCUc6QuPvUZdJSjQfGoKJZOZWRPpYYqJNRjkTgjP/8iJpnJacs1L52qRRhimycABHcAIOnEMFrqAGdSAg4B4e4cmS1oP1bL1MWzPWbGYP/sB6/QHodJQ4</latexit>

DK̄, I = 0, JP = 0+

<latexit sha1_base64="+0Q4E/g9t/9/AXedzZZ+LZdWSuo=">AAACAHicbVC7SgNBFJ31GeNrNYWFzWAQBEPYDYKmCAS08NFEMA9INmF2MpsMmX0wMyuEZVP4KzYpFLG1trK08zP8AyePQhMPXDiccy/33mMHjAppGF/awuLS8spqYi25vrG5ta3v7FaEH3JMythnPq/ZSBBGPVKWVDJSCzhBrs1I1e6dj/zqPeGC+t6d7AfEclHHow7FSCqppe9dNGzEo5s4AwdXBSMzuG6WCkbzuKWnjawxBpwn5pSki6nv99xHdVhq6Z+Nto9Dl3gSMyRE3TQCaUWIS4oZiZONUJAA4R7qkLqiHnKJsKLxAzE8VEobOj5X5Uk4Vn9PRMgVou/aqtNFsitmvZH4n1cPpXNmRdQLQkk8PFnkhAxKH47SgG3KCZasrwjCnKpbIe4ijrBUmSVVCObsy/OkksuaJ9n8rUojDyZIgH1wAI6ACU5BEVyCEigDDGLwCJ7As/agDbUX7XXSuqBNZ1LgD7S3H3VpmMM=</latexit>
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                S-wave Bound State Doesn’t exist arxiv:1710.03236b̄b̄bb
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need to determine a bound, e.g, 

proton decay.
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What is the 
probability we 

missed the bound 
state?
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3 Possible Bumps

    
    

    

c̄c̄cc
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3 Possible Bumps
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https://arxiv.org/abs/2006.16957
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<latexit sha1_base64="OfHvOiTAU+bZs20eWeR8P2NB2GE=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrgvZkwYvHCrYW2qVkp2kbms0uSbZQlv4TLx4U8eof8Dd489+YbnvQ1gfDPN6bIZMXJoJr43nfTmFtfWNzq7hd2tnd2z9wD4+aOk4VsgbGIlatkGomuGQNw41grUQxGoWCPYaj25n/OGZK81g+mEnCgogOJO9zpMZKXdfthFRlOF00xK5b9ipeDrJK/AUp33xCjnrX/er0YkwjJg0KqnXb9xITZFQZjoJNS51Us4TiiA5Y21JJI6aDLL98Ss6s0iP9WNmShuTq742MRlpPotBORtQM9bI3E//z2qnpXwcZl0lqmMT5Q/1UEBOTWQykxxVDIyaWUFTc3kpwSBVFY8Mq2RD85S+vkuZFxb+sVO+9cq06TwOKcAKncA4+XEEN7qAODUAYwxO8wKuTOc/Om/M+Hy04i51j+APn4wdlhZTn</latexit>
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<latexit sha1_base64="YeWOFrlZ8WbqGG6JbLxk9J5/bRk=">AAAB7nicbVBNSwMxEJ2tX7V+VT2Jl2ARPNXdUtDeCl7EUwX7Ae1Ssmm2Dc1mQ5IVylLwL3jxoIhXf483/43ZtgdtfTDweG+GmXmB5Ewb1/12cmvrG5tb+e3Czu7e/kHx8Kil40QR2iQxj1UnwJpyJmjTMMNpRyqKo4DTdjC+yfz2I1WaxeLBTCT1IzwULGQEGyu1K3eXPalZv1hyy+4MaJV4C1KqnzxBhka/+NUbxCSJqDCEY627niuNn2JlGOF0WuglmkpMxnhIu5YKHFHtp7Nzp+jcKgMUxsqWMGim/p5IcaT1JApsZ4TNSC97mfif101MeO2nTMjEUEHmi8KEIxOj7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlqVslct1+5tGjWYIw+ncAYX4MEV1OEWGtAEAmN4hld4c6Tz4rw7H/PWnLOYOYY/cD5/AL91j+s=</latexit>

68
29

 M
eV

2�c0

<latexit sha1_base64="4LVNeVXg0O20aY0EpOaIZ6ZSDHI=">AAAB8XicbVDLSgNBEOz1GeMrmqOXwSB4CrtB0NwCXjxGMA9MQpjtzCZDZmeXmVkhLPkLLx4U8ST4G548evMz/AMnj4MmFjQUVd10d/mx4Nq47pezsrq2vrGZ2cpu7+zu7ecODus6ShSyGkYiUk2faia4ZDXDjWDNWDEa+oI1/OHlxG/cMaV5JG/MKGadkPYlDzhSY6XbUhsHvJuiO+7mCm7RnYIsE29OCpX893vpo/Fa7eY+270Ik5BJg4Jq3fLc2HRSqgxHwcbZdqJZTHFI+6xlqaQh0510evGYnFilR4JI2ZKGTNXfEykNtR6Fvu0MqRnoRW8i/ue1EhNcdFIu48QwibNFQSKIicjkfdLjiqERI0soKm5vJTigiqKxIWVtCN7iy8ukXip6Z8XytU2jDDNk4AiO4RQ8OIcKXEEVaoAg4R4e4cnRzoPz7LzMWlec+Uwe/sB5+wGCIpSM</latexit>

69
25

 M
eV

�c1�c0

<latexit sha1_base64="gU4cj35o9hglTkXJ3l0I30PlhLU=">AAAB+3icbZC7SgNBFIbPxluMtzUpbQaDYBV2g6DpAjaWEcwFkrDMTmaTIbOzy8ysGJZ9FRsLg9j6BlaWdj6Gb+DkUmjiDwMf/zmHc+b3Y86UdpwvK7exubW9k98t7O0fHB7Zx8WWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv3x9azevqdSsUjc6UlM+yEeChYwgrWxPLvYIyPmpcTNluBknl12Ks5caB3cJZTrpe/36kd72vDsz94gIklIhSYcK9V1nVj3Uyw1I5xmhV6iaIzJGA9p16DAIVX9dH57hs6MM0BBJM0TGs3d3xMpDpWahL7pDLEeqdXazPyv1k10cNVPmYgTTQVZLAoSjnSEZkGgAZOUaD4xgIlk5lZERlhiok1cBROCu/rldWhVK+5FpXZr0qjBQnk4gVM4BxcuoQ430IAmEHiAR3iGqZVZT9aL9bpozVnLmRL8kfX2A0iwmFY=</latexit>



  S-wave       
threshold

                - X(6900) arxiv: 2006.16957c̄c̄cc

<latexit sha1_base64="OfHvOiTAU+bZs20eWeR8P2NB2GE=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrgvZkwYvHCrYW2qVkp2kbms0uSbZQlv4TLx4U8eof8Dd489+YbnvQ1gfDPN6bIZMXJoJr43nfTmFtfWNzq7hd2tnd2z9wD4+aOk4VsgbGIlatkGomuGQNw41grUQxGoWCPYaj25n/OGZK81g+mEnCgogOJO9zpMZKXdfthFRlOF00xK5b9ipeDrJK/AUp33xCjnrX/er0YkwjJg0KqnXb9xITZFQZjoJNS51Us4TiiA5Y21JJI6aDLL98Ss6s0iP9WNmShuTq742MRlpPotBORtQM9bI3E//z2qnpXwcZl0lqmMT5Q/1UEBOTWQykxxVDIyaWUFTc3kpwSBVFY8Mq2RD85S+vkuZFxb+sVO+9cq06TwOKcAKncA4+XEEN7qAODUAYwxO8wKuTOc/Om/M+Hy04i51j+APn4wdlhZTn</latexit>

2J/ 

<latexit sha1_base64="YeWOFrlZ8WbqGG6JbLxk9J5/bRk=">AAAB7nicbVBNSwMxEJ2tX7V+VT2Jl2ARPNXdUtDeCl7EUwX7Ae1Ssmm2Dc1mQ5IVylLwL3jxoIhXf483/43ZtgdtfTDweG+GmXmB5Ewb1/12cmvrG5tb+e3Czu7e/kHx8Kil40QR2iQxj1UnwJpyJmjTMMNpRyqKo4DTdjC+yfz2I1WaxeLBTCT1IzwULGQEGyu1K3eXPalZv1hyy+4MaJV4C1KqnzxBhka/+NUbxCSJqDCEY627niuNn2JlGOF0WuglmkpMxnhIu5YKHFHtp7Nzp+jcKgMUxsqWMGim/p5IcaT1JApsZ4TNSC97mfif101MeO2nTMjEUEHmi8KEIxOj7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlqVslct1+5tGjWYIw+ncAYX4MEV1OEWGtAEAmN4hld4c6Tz4rw7H/PWnLOYOYY/cD5/AL91j+s=</latexit>

68
29

 M
eV

2�c0

<latexit sha1_base64="4LVNeVXg0O20aY0EpOaIZ6ZSDHI=">AAAB8XicbVDLSgNBEOz1GeMrmqOXwSB4CrtB0NwCXjxGMA9MQpjtzCZDZmeXmVkhLPkLLx4U8ST4G548evMz/AMnj4MmFjQUVd10d/mx4Nq47pezsrq2vrGZ2cpu7+zu7ecODus6ShSyGkYiUk2faia4ZDXDjWDNWDEa+oI1/OHlxG/cMaV5JG/MKGadkPYlDzhSY6XbUhsHvJuiO+7mCm7RnYIsE29OCpX893vpo/Fa7eY+270Ik5BJg4Jq3fLc2HRSqgxHwcbZdqJZTHFI+6xlqaQh0510evGYnFilR4JI2ZKGTNXfEykNtR6Fvu0MqRnoRW8i/ue1EhNcdFIu48QwibNFQSKIicjkfdLjiqERI0soKm5vJTigiqKxIWVtCN7iy8ukXip6Z8XytU2jDDNk4AiO4RQ8OIcKXEEVaoAg4R4e4cnRzoPz7LzMWlec+Uwe/sB5+wGCIpSM</latexit>

69
25

 M
eV

�c1�c0

<latexit sha1_base64="gU4cj35o9hglTkXJ3l0I30PlhLU=">AAAB+3icbZC7SgNBFIbPxluMtzUpbQaDYBV2g6DpAjaWEcwFkrDMTmaTIbOzy8ysGJZ9FRsLg9j6BlaWdj6Gb+DkUmjiDwMf/zmHc+b3Y86UdpwvK7exubW9k98t7O0fHB7Zx8WWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv3x9azevqdSsUjc6UlM+yEeChYwgrWxPLvYIyPmpcTNluBknl12Ks5caB3cJZTrpe/36kd72vDsz94gIklIhSYcK9V1nVj3Uyw1I5xmhV6iaIzJGA9p16DAIVX9dH57hs6MM0BBJM0TGs3d3xMpDpWahL7pDLEeqdXazPyv1k10cNVPmYgTTQVZLAoSjnSEZkGgAZOUaD4xgIlk5lZERlhiok1cBROCu/rldWhVK+5FpXZr0qjBQnk4gVM4BxcuoQ430IAmEHiAR3iGqZVZT9aL9bpozVnLmRL8kfX2A0iwmFY=</latexit>

72
42

 M
eV

⌅cc⌅̄cc

<latexit sha1_base64="+DW/GYjAFgcf2TNza4Y/LHfTJzQ=">AAAB/3icbVDLSsNAFJ3UV61a4wM3IgwWwVVJRNDuCm5cVrAPaEKYTCft0MkkzEyEErPwV9y4UMStn+DWnXv9Dp2mXWjrgYFzz7mXe+f4MaNSWdaHUVhYXFpeKa6W1tY3ypvm1nZLRonApIkjFomOjyRhlJOmooqRTiwICn1G2v7wYuy3b4iQNOLXahQTN0R9TgOKkdKSZ+45HeqlGGeOj0SqiyyvPLNiVa0ccJ7YU1Kpl7+/3g52Pxue+e70IpyEhCvMkJRd24qVmyKhKGYkKzmJJDHCQ9QnXU05Col00/z+DB5ppQeDSOjHFczV3xMpCqUchb7uDJEayFlvLP7ndRMVnLsp5XGiCMeTRUHCoIrgOAzYo4JgxUaaICyovhXiARIIKx1ZSYdgz355nrROqvZptXal06iBCYpgHxyCY2CDM1AHl6ABmgCDW3APHsGTcWc8GM/Gy6S1YExndsAfGK8/JPGakw==</latexit>

Open Flavour



 Dynamical Diquark Model arxiv:2008.01631

    

Multiple 1P          states0�+

<latexit sha1_base64="KeMwEbNvFlaZTa0lABCkvUi2aPQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBM3JgBePEcwDkjXMTmaTMbMzy8ysEJb8gxcPinj1N/wGb/6Nk00OmljQUFR1090VxJxp47rfTm5peWV1Lb9e2Njc2t4p7u41tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh9cRvPlKlmRR3ZhRTP8J9wUJGsLFSw71PT0/G3WLJLbsZ0CLxZqR09QkZat3iV6cnSRJRYQjHWrc9NzZ+ipVhhNNxoZNoGmMyxH3atlTgiGo/za4doyOr9FAolS1hUKb+nkhxpPUoCmxnhM1Az3sT8T+vnZjw0k+ZiBNDBZkuChOOjEST11GPKUoMH1mCiWL2VkQGWGFibEAFG4I3//IiaZyVvfNy5dYtVSvTNCAPB3AIx+DBBVThBmpQBwIP8AQv8OpI59l5c96nrTlnNrMPf+B8/AAb0Y+S</latexit>

                - X(6900) arxiv: 2006.16957c̄c̄cc

<latexit sha1_base64="OfHvOiTAU+bZs20eWeR8P2NB2GE=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrgvZkwYvHCrYW2qVkp2kbms0uSbZQlv4TLx4U8eof8Dd489+YbnvQ1gfDPN6bIZMXJoJr43nfTmFtfWNzq7hd2tnd2z9wD4+aOk4VsgbGIlatkGomuGQNw41grUQxGoWCPYaj25n/OGZK81g+mEnCgogOJO9zpMZKXdfthFRlOF00xK5b9ipeDrJK/AUp33xCjnrX/er0YkwjJg0KqnXb9xITZFQZjoJNS51Us4TiiA5Y21JJI6aDLL98Ss6s0iP9WNmShuTq742MRlpPotBORtQM9bI3E//z2qnpXwcZl0lqmMT5Q/1UEBOTWQykxxVDIyaWUFTc3kpwSBVFY8Mq2RD85S+vkuZFxb+sVO+9cq06TwOKcAKncA4+XEEN7qAODUAYwxO8wKuTOc/Om/M+Hy04i51j+APn4wdlhZTn</latexit>

https://arxiv.org/abs/2008.01631


 Dynamical Diquark Model arxiv:2008.01631

    
    

Multiple 1P          states0�+

<latexit sha1_base64="KeMwEbNvFlaZTa0lABCkvUi2aPQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBM3JgBePEcwDkjXMTmaTMbMzy8ysEJb8gxcPinj1N/wGb/6Nk00OmljQUFR1090VxJxp47rfTm5peWV1Lb9e2Njc2t4p7u41tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh9cRvPlKlmRR3ZhRTP8J9wUJGsLFSw71PT0/G3WLJLbsZ0CLxZqR09QkZat3iV6cnSRJRYQjHWrc9NzZ+ipVhhNNxoZNoGmMyxH3atlTgiGo/za4doyOr9FAolS1hUKb+nkhxpPUoCmxnhM1Az3sT8T+vnZjw0k+ZiBNDBZkuChOOjEST11GPKUoMH1mCiWL2VkQGWGFibEAFG4I3//IiaZyVvfNy5dYtVSvTNCAPB3AIx+DBBVThBmpQBwIP8AQv8OpI59l5c96nrTlnNrMPf+B8/AAb0Y+S</latexit>

(Multiple) 2S          state(s)0++

<latexit sha1_base64="iDayq/OUoH0WjGgZmcVtLVvJWko=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgBMKuCJqTAS8eI5gHJGuYncwmY2ZnlplZISz5By8eFPHqb/gN3vwbJ5scNLGgoajqprsriDnTxnW/ndzK6tr6Rn6zsLW9s7tX3D9oapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWj66nfeqRKMynuzDimfoQHgoWMYGOlpnuflsuTXrHkVtwMaJl4c1K6+oQM9V7xq9uXJImoMIRjrTueGxs/xcowwumk0E00jTEZ4QHtWCpwRLWfZtdO0IlV+iiUypYwKFN/T6Q40nocBbYzwmaoF72p+J/XSUx46adMxImhgswWhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8q3nmleuuWatVZGpCHIziGU/DgAmpwA3VoAIEHeIIXeHWk8+y8Oe+z1pwznzmEP3A+fgAYxY+Q</latexit>

                - X(6900) arxiv: 2006.16957c̄c̄cc

<latexit sha1_base64="OfHvOiTAU+bZs20eWeR8P2NB2GE=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrgvZkwYvHCrYW2qVkp2kbms0uSbZQlv4TLx4U8eof8Dd489+YbnvQ1gfDPN6bIZMXJoJr43nfTmFtfWNzq7hd2tnd2z9wD4+aOk4VsgbGIlatkGomuGQNw41grUQxGoWCPYaj25n/OGZK81g+mEnCgogOJO9zpMZKXdfthFRlOF00xK5b9ipeDrJK/AUp33xCjnrX/er0YkwjJg0KqnXb9xITZFQZjoJNS51Us4TiiA5Y21JJI6aDLL98Ss6s0iP9WNmShuTq742MRlpPotBORtQM9bI3E//z2qnpXwcZl0lqmMT5Q/1UEBOTWQykxxVDIyaWUFTc3kpwSBVFY8Mq2RD85S+vkuZFxb+sVO+9cq06TwOKcAKncA4+XEEN7qAODUAYwxO8wKuTOc/Om/M+Hy04i51j+APn4wdlhZTn</latexit>

https://arxiv.org/abs/2008.01631


 Dynamical Diquark Model arxiv:2008.01631

    
    

    

Multiple 1P          states0�+

<latexit sha1_base64="KeMwEbNvFlaZTa0lABCkvUi2aPQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBM3JgBePEcwDkjXMTmaTMbMzy8ysEJb8gxcPinj1N/wGb/6Nk00OmljQUFR1090VxJxp47rfTm5peWV1Lb9e2Njc2t4p7u41tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh9cRvPlKlmRR3ZhRTP8J9wUJGsLFSw71PT0/G3WLJLbsZ0CLxZqR09QkZat3iV6cnSRJRYQjHWrc9NzZ+ipVhhNNxoZNoGmMyxH3atlTgiGo/za4doyOr9FAolS1hUKb+nkhxpPUoCmxnhM1Az3sT8T+vnZjw0k+ZiBNDBZkuChOOjEST11GPKUoMH1mCiWL2VkQGWGFibEAFG4I3//IiaZyVvfNy5dYtVSvTNCAPB3AIx+DBBVThBmpQBwIP8AQv8OpI59l5c96nrTlnNrMPf+B8/AAb0Y+S</latexit>

(Multiple) 2S          state(s)0++

<latexit sha1_base64="iDayq/OUoH0WjGgZmcVtLVvJWko=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgBMKuCJqTAS8eI5gHJGuYncwmY2ZnlplZISz5By8eFPHqb/gN3vwbJ5scNLGgoajqprsriDnTxnW/ndzK6tr6Rn6zsLW9s7tX3D9oapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWj66nfeqRKMynuzDimfoQHgoWMYGOlpnuflsuTXrHkVtwMaJl4c1K6+oQM9V7xq9uXJImoMIRjrTueGxs/xcowwumk0E00jTEZ4QHtWCpwRLWfZtdO0IlV+iiUypYwKFN/T6Q40nocBbYzwmaoF72p+J/XSUx46adMxImhgswWhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8q3nmleuuWatVZGpCHIziGU/DgAmpwA3VoAIEHeIIXeHWk8+y8Oe+z1pwznzmEP3A+fgAYxY+Q</latexit>

  Rescattering of Open    
    Flavor into   

diquarks
2J/ 

<latexit sha1_base64="YeWOFrlZ8WbqGG6JbLxk9J5/bRk=">AAAB7nicbVBNSwMxEJ2tX7V+VT2Jl2ARPNXdUtDeCl7EUwX7Ae1Ssmm2Dc1mQ5IVylLwL3jxoIhXf483/43ZtgdtfTDweG+GmXmB5Ewb1/12cmvrG5tb+e3Czu7e/kHx8Kil40QR2iQxj1UnwJpyJmjTMMNpRyqKo4DTdjC+yfz2I1WaxeLBTCT1IzwULGQEGyu1K3eXPalZv1hyy+4MaJV4C1KqnzxBhka/+NUbxCSJqDCEY627niuNn2JlGOF0WuglmkpMxnhIu5YKHFHtp7Nzp+jcKgMUxsqWMGim/p5IcaT1JApsZ4TNSC97mfif101MeO2nTMjEUEHmi8KEIxOj7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlqVslct1+5tGjWYIw+ncAYX4MEV1OEWGtAEAmN4hld4c6Tz4rw7H/PWnLOYOYY/cD5/AL91j+s=</latexit>

                - X(6900) arxiv: 2006.16957c̄c̄cc

<latexit sha1_base64="OfHvOiTAU+bZs20eWeR8P2NB2GE=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrgvZkwYvHCrYW2qVkp2kbms0uSbZQlv4TLx4U8eof8Dd489+YbnvQ1gfDPN6bIZMXJoJr43nfTmFtfWNzq7hd2tnd2z9wD4+aOk4VsgbGIlatkGomuGQNw41grUQxGoWCPYaj25n/OGZK81g+mEnCgogOJO9zpMZKXdfthFRlOF00xK5b9ipeDrJK/AUp33xCjnrX/er0YkwjJg0KqnXb9xITZFQZjoJNS51Us4TiiA5Y21JJI6aDLL98Ss6s0iP9WNmShuTq742MRlpPotBORtQM9bI3E//z2qnpXwcZl0lqmMT5Q/1UEBOTWQykxxVDIyaWUFTc3kpwSBVFY8Mq2RD85S+vkuZFxb+sVO+9cq06TwOKcAKncA4+XEEN7qAODUAYwxO8wKuTOc/Om/M+Hy04i51j+APn4wdlhZTn</latexit>

https://arxiv.org/abs/2008.01631


  Pheno model arxiv:2009.4429

    

Dip due to Interference 
from            threshold

turning on
2�c0

<latexit sha1_base64="4LVNeVXg0O20aY0EpOaIZ6ZSDHI=">AAAB8XicbVDLSgNBEOz1GeMrmqOXwSB4CrtB0NwCXjxGMA9MQpjtzCZDZmeXmVkhLPkLLx4U8ST4G548evMz/AMnj4MmFjQUVd10d/mx4Nq47pezsrq2vrGZ2cpu7+zu7ecODus6ShSyGkYiUk2faia4ZDXDjWDNWDEa+oI1/OHlxG/cMaV5JG/MKGadkPYlDzhSY6XbUhsHvJuiO+7mCm7RnYIsE29OCpX893vpo/Fa7eY+270Ik5BJg4Jq3fLc2HRSqgxHwcbZdqJZTHFI+6xlqaQh0510evGYnFilR4JI2ZKGTNXfEykNtR6Fvu0MqRnoRW8i/ue1EhNcdFIu48QwibNFQSKIicjkfdLjiqERI0soKm5vJTigiqKxIWVtCN7iy8ukXip6Z8XytU2jDDNk4AiO4RQ8OIcKXEEVaoAg4R4e4cnRzoPz7LzMWlec+Uwe/sB5+wGCIpSM</latexit>

                - X(6900) arxiv: 2006.16957c̄c̄cc

<latexit sha1_base64="OfHvOiTAU+bZs20eWeR8P2NB2GE=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrgvZkwYvHCrYW2qVkp2kbms0uSbZQlv4TLx4U8eof8Dd489+YbnvQ1gfDPN6bIZMXJoJr43nfTmFtfWNzq7hd2tnd2z9wD4+aOk4VsgbGIlatkGomuGQNw41grUQxGoWCPYaj25n/OGZK81g+mEnCgogOJO9zpMZKXdfthFRlOF00xK5b9ipeDrJK/AUp33xCjnrX/er0YkwjJg0KqnXb9xITZFQZjoJNS51Us4TiiA5Y21JJI6aDLL98Ss6s0iP9WNmShuTq742MRlpPotBORtQM9bI3E//z2qnpXwcZl0lqmMT5Q/1UEBOTWQykxxVDIyaWUFTc3kpwSBVFY8Mq2RD85S+vkuZFxb+sVO+9cq06TwOKcAKncA4+XEEN7qAODUAYwxO8wKuTOc/Om/M+Hy04i51j+APn4wdlhZTn</latexit>

https://arxiv.org/abs/2009.04429


                                             is boundbbūd̄, I = 0, JP = 1+

<latexit sha1_base64="0mbYGAuO+3xG78GbS89YJe6/VKk=">AAACCHicbVC7SgNBFJ2Nrxhf0ZQWDgZBMITdIGiKQMBGrSKYB+TF7OxsMmR2dpmZFcKSdDZ+iWBjoYitWFna+Rn+gZNHoYkHLvdwzr3M3GMHjEplml9GbGFxaXklvppYW9/Y3Epu71SkHwpMythnvqjZSBJGOSkrqhipBYIgz2akavfORn71hghJfX6t+gFpeqjDqUsxUlpqJ/dsu2EjEYWDcXMGGTi8KJiZ4WWrVLBaR+1k2syaY8B5Yk1Jupj6fs99VO9L7eRnw/Fx6BGuMENS1i0zUM0ICUUxI4NEI5QkQLiHOqSuKUcekc1ofMgAHmjFga4vdHEFx+rvjQh5UvY9W096SHXlrDcS//PqoXJPmxHlQagIx5OH3JBB5cNRKtChgmDF+pogLKj+K8RdJBBWOruEDsGaPXmeVHJZ6zibv9Jp5MEEcbAL9sEhsMAJKIJzUAJlgMEteABP4Nm4Mx6NF+N1Mhozpjsp8AfG2w9uXZyr</latexit>

bbūd̄

<latexit sha1_base64="LkbUaiIbYCvhshcSnif/VXCj1s8=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQbuy4MZlBVsL7VCSTKYNzWSGJFMoQ//EjQtF3PoDfoM7/8Z02oW2Hrjcwzn3kptDUsG18bxvp7S2vrG5Vd6u7Ozu7R+4h0dtnWSKshZNRKI6BGsmuGQtw41gnVQxHBPBHsnoduY/jpnSPJEPZpKyIMYDySNOsbFS33UJ6RGs8mxatHDad6tezSuAVom/INWbTyjQ7LtfvTChWcykoQJr3fW91AQ5VoZTwaaVXqZZiukID1jXUoljpoO8uHyKzqwSoihRtqRBhfp7I8ex1pOY2MkYm6Fe9mbif143M9F1kHOZZoZJOn8oygQyCZrFgEKuGDViYgmmittbER1ihamxYVVsCP7yl1dJ+6LmX9bq9161UZ+nAWU4gVM4Bx+uoAF30IQWUBjDE7zAq5M7z86b8z4fLTmLnWP4A+fjB37hlPg=</latexit>



                                             is bound

 Intuitive Understanding (arxiv:1707.09575)

bbūd̄, I = 0, JP = 1+

<latexit sha1_base64="0mbYGAuO+3xG78GbS89YJe6/VKk=">AAACCHicbVC7SgNBFJ2Nrxhf0ZQWDgZBMITdIGiKQMBGrSKYB+TF7OxsMmR2dpmZFcKSdDZ+iWBjoYitWFna+Rn+gZNHoYkHLvdwzr3M3GMHjEplml9GbGFxaXklvppYW9/Y3Epu71SkHwpMythnvqjZSBJGOSkrqhipBYIgz2akavfORn71hghJfX6t+gFpeqjDqUsxUlpqJ/dsu2EjEYWDcXMGGTi8KJiZ4WWrVLBaR+1k2syaY8B5Yk1Jupj6fs99VO9L7eRnw/Fx6BGuMENS1i0zUM0ICUUxI4NEI5QkQLiHOqSuKUcekc1ofMgAHmjFga4vdHEFx+rvjQh5UvY9W096SHXlrDcS//PqoXJPmxHlQagIx5OH3JBB5cNRKtChgmDF+pogLKj+K8RdJBBWOruEDsGaPXmeVHJZ6zibv9Jp5MEEcbAL9sEhsMAJKIJzUAJlgMEteABP4Nm4Mx6NF+N1Mhozpjsp8AfG2w9uXZyr</latexit>

https://arxiv.org/abs/1707.09575


                                             is bound

 Intuitive Understanding (arxiv:1707.09575)
• bb diquark in heavy quark mass limit 

bbūd̄, I = 0, JP = 1+

<latexit sha1_base64="0mbYGAuO+3xG78GbS89YJe6/VKk=">AAACCHicbVC7SgNBFJ2Nrxhf0ZQWDgZBMITdIGiKQMBGrSKYB+TF7OxsMmR2dpmZFcKSdDZ+iWBjoYitWFna+Rn+gZNHoYkHLvdwzr3M3GMHjEplml9GbGFxaXklvppYW9/Y3Epu71SkHwpMythnvqjZSBJGOSkrqhipBYIgz2akavfORn71hghJfX6t+gFpeqjDqUsxUlpqJ/dsu2EjEYWDcXMGGTi8KJiZ4WWrVLBaR+1k2syaY8B5Yk1Jupj6fs99VO9L7eRnw/Fx6BGuMENS1i0zUM0ICUUxI4NEI5QkQLiHOqSuKUcekc1ofMgAHmjFga4vdHEFx+rvjQh5UvY9W096SHXlrDcS//PqoXJPmxHlQagIx5OH3JBB5cNRKtChgmDF+pogLKj+K8RdJBBWOruEDsGaPXmeVHJZ6zibv9Jp5MEEcbAL9sEhsMAJKIJzUAJlgMEteABP4Nm4Mx6NF+N1Mhozpjsp8AfG2w9uXZyr</latexit>

b

<latexit sha1_base64="XqeDML7uYWRkE7twgBBWW3JIzdw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkZ8OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+id/gzb9xsslBEwsaiqpuuruCWHBtXPfbya2tb2xu5bcLO7t7+wfFw6OmjhLFsMEiEal2QDUKLrFhuBHYjhXSMBDYCsa3M7/1iErzSN6bSYx+SIeSDzijxkr1oFcsuWU3A1kl3oKUbj4hQ61X/Or2I5aEKA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix1JJQ9R+mh06JWdW6ZNBpGxJQzL190RKQ60nYWA7Q2pGetmbif95ncQMrv2UyzgxKNl80SARxERk9jXpc4XMiIkllClubyVsRBVlxmZTsCF4yy+vkuZF2bssV+puqVqZpwF5OIFTOAcPrqAKd1CDBjBAeIIXeHUenGfnzXmft+acxcwx/IHz8QMezo3k</latexit>

b

<latexit sha1_base64="XqeDML7uYWRkE7twgBBWW3JIzdw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkZ8OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+id/gzb9xsslBEwsaiqpuuruCWHBtXPfbya2tb2xu5bcLO7t7+wfFw6OmjhLFsMEiEal2QDUKLrFhuBHYjhXSMBDYCsa3M7/1iErzSN6bSYx+SIeSDzijxkr1oFcsuWU3A1kl3oKUbj4hQ61X/Or2I5aEKA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix1JJQ9R+mh06JWdW6ZNBpGxJQzL190RKQ60nYWA7Q2pGetmbif95ncQMrv2UyzgxKNl80SARxERk9jXpc4XMiIkllClubyVsRBVlxmZTsCF4yy+vkuZF2bssV+puqVqZpwF5OIFTOAcPrqAKd1CDBjBAeIIXeHUenGfnzXmft+acxcwx/IHz8QMezo3k</latexit>

https://arxiv.org/abs/1707.09575


                                             is bound

 Intuitive Understanding (arxiv:1707.09575)
• bb diquark in heavy quark mass limit
•       in attractive    channel

bbūd̄, I = 0, JP = 1+

<latexit sha1_base64="0mbYGAuO+3xG78GbS89YJe6/VKk=">AAACCHicbVC7SgNBFJ2Nrxhf0ZQWDgZBMITdIGiKQMBGrSKYB+TF7OxsMmR2dpmZFcKSdDZ+iWBjoYitWFna+Rn+gZNHoYkHLvdwzr3M3GMHjEplml9GbGFxaXklvppYW9/Y3Epu71SkHwpMythnvqjZSBJGOSkrqhipBYIgz2akavfORn71hghJfX6t+gFpeqjDqUsxUlpqJ/dsu2EjEYWDcXMGGTi8KJiZ4WWrVLBaR+1k2syaY8B5Yk1Jupj6fs99VO9L7eRnw/Fx6BGuMENS1i0zUM0ICUUxI4NEI5QkQLiHOqSuKUcekc1ofMgAHmjFga4vdHEFx+rvjQh5UvY9W096SHXlrDcS//PqoXJPmxHlQagIx5OH3JBB5cNRKtChgmDF+pogLKj+K8RdJBBWOruEDsGaPXmeVHJZ6zibv9Jp5MEEcbAL9sEhsMAJKIJzUAJlgMEteABP4Nm4Mx6NF+N1Mhozpjsp8AfG2w9uXZyr</latexit>

b

<latexit sha1_base64="XqeDML7uYWRkE7twgBBWW3JIzdw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkZ8OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+id/gzb9xsslBEwsaiqpuuruCWHBtXPfbya2tb2xu5bcLO7t7+wfFw6OmjhLFsMEiEal2QDUKLrFhuBHYjhXSMBDYCsa3M7/1iErzSN6bSYx+SIeSDzijxkr1oFcsuWU3A1kl3oKUbj4hQ61X/Or2I5aEKA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix1JJQ9R+mh06JWdW6ZNBpGxJQzL190RKQ60nYWA7Q2pGetmbif95ncQMrv2UyzgxKNl80SARxERk9jXpc4XMiIkllClubyVsRBVlxmZTsCF4yy+vkuZF2bssV+puqVqZpwF5OIFTOAcPrqAKd1CDBjBAeIIXeHUenGfnzXmft+acxcwx/IHz8QMezo3k</latexit>

b

<latexit sha1_base64="XqeDML7uYWRkE7twgBBWW3JIzdw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkZ8OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+id/gzb9xsslBEwsaiqpuuruCWHBtXPfbya2tb2xu5bcLO7t7+wfFw6OmjhLFsMEiEal2QDUKLrFhuBHYjhXSMBDYCsa3M7/1iErzSN6bSYx+SIeSDzijxkr1oFcsuWU3A1kl3oKUbj4hQ61X/Or2I5aEKA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix1JJQ9R+mh06JWdW6ZNBpGxJQzL190RKQ60nYWA7Q2pGetmbif95ncQMrv2UyzgxKNl80SARxERk9jXpc4XMiIkllClubyVsRBVlxmZTsCF4yy+vkuZF2bssV+puqVqZpwF5OIFTOAcPrqAKd1CDBjBAeIIXeHUenGfnzXmft+acxcwx/IHz8QMezo3k</latexit>

3̄

<latexit sha1_base64="lGcj7obM112ljupc3Vyh2OE5snk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VNCcDXjxGMA9IltA7mU2GzM4uM7NCWPIRXjwo4tXP8Bu8+TdONjloYkFDUdVNd1eQCK6N6347K6tr6xubha3i9s7u3n7p4LCp41RR1qCxiFU7QM0El6xhuBGsnSiGUSBYKxjdTv3WI1Oax/LBjBPmRziQPOQUjZVa3QBVdjHplcpuxc1Blok3J+WbT8hR75W+uv2YphGThgrUuuO5ifEzVIZTwSbFbqpZgnSEA9axVGLEtJ/l507IqVX6JIyVLWlIrv6eyDDSehwFtjNCM9SL3lT8z+ukJrz2My6T1DBJZ4vCVBATk+nvpM8Vo0aMLUGquL2V0CEqpMYmVLQheIsvL5PmecW7rFTv3XKtOksDCnAMJ3AGHlxBDe6gDg2gMIIneIFXJ3GenTfnfda64sxnjuAPnI8flP2Qeg==</latexit>

3̄

<latexit sha1_base64="lGcj7obM112ljupc3Vyh2OE5snk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VNCcDXjxGMA9IltA7mU2GzM4uM7NCWPIRXjwo4tXP8Bu8+TdONjloYkFDUdVNd1eQCK6N6347K6tr6xubha3i9s7u3n7p4LCp41RR1qCxiFU7QM0El6xhuBGsnSiGUSBYKxjdTv3WI1Oax/LBjBPmRziQPOQUjZVa3QBVdjHplcpuxc1Blok3J+WbT8hR75W+uv2YphGThgrUuuO5ifEzVIZTwSbFbqpZgnSEA9axVGLEtJ/l507IqVX6JIyVLWlIrv6eyDDSehwFtjNCM9SL3lT8z+ukJrz2My6T1DBJZ4vCVBATk+nvpM8Vo0aMLUGquL2V0CEqpMYmVLQheIsvL5PmecW7rFTv3XKtOksDCnAMJ3AGHlxBDe6gDg2gMIIneIFXJ3GenTfnfda64sxnjuAPnI8flP2Qeg==</latexit>

https://arxiv.org/abs/1707.09575


                                             is bound

 Intuitive Understanding (arxiv:1707.09575)
• bb diquark in heavy quark mass limit
•       in attractive    channel
• light quarks in cloud screen bb interaction 

bbūd̄, I = 0, JP = 1+

<latexit sha1_base64="0mbYGAuO+3xG78GbS89YJe6/VKk=">AAACCHicbVC7SgNBFJ2Nrxhf0ZQWDgZBMITdIGiKQMBGrSKYB+TF7OxsMmR2dpmZFcKSdDZ+iWBjoYitWFna+Rn+gZNHoYkHLvdwzr3M3GMHjEplml9GbGFxaXklvppYW9/Y3Epu71SkHwpMythnvqjZSBJGOSkrqhipBYIgz2akavfORn71hghJfX6t+gFpeqjDqUsxUlpqJ/dsu2EjEYWDcXMGGTi8KJiZ4WWrVLBaR+1k2syaY8B5Yk1Jupj6fs99VO9L7eRnw/Fx6BGuMENS1i0zUM0ICUUxI4NEI5QkQLiHOqSuKUcekc1ofMgAHmjFga4vdHEFx+rvjQh5UvY9W096SHXlrDcS//PqoXJPmxHlQagIx5OH3JBB5cNRKtChgmDF+pogLKj+K8RdJBBWOruEDsGaPXmeVHJZ6zibv9Jp5MEEcbAL9sEhsMAJKIJzUAJlgMEteABP4Nm4Mx6NF+N1Mhozpjsp8AfG2w9uXZyr</latexit>

b

<latexit sha1_base64="XqeDML7uYWRkE7twgBBWW3JIzdw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkZ8OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+id/gzb9xsslBEwsaiqpuuruCWHBtXPfbya2tb2xu5bcLO7t7+wfFw6OmjhLFsMEiEal2QDUKLrFhuBHYjhXSMBDYCsa3M7/1iErzSN6bSYx+SIeSDzijxkr1oFcsuWU3A1kl3oKUbj4hQ61X/Or2I5aEKA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix1JJQ9R+mh06JWdW6ZNBpGxJQzL190RKQ60nYWA7Q2pGetmbif95ncQMrv2UyzgxKNl80SARxERk9jXpc4XMiIkllClubyVsRBVlxmZTsCF4yy+vkuZF2bssV+puqVqZpwF5OIFTOAcPrqAKd1CDBjBAeIIXeHUenGfnzXmft+acxcwx/IHz8QMezo3k</latexit>

b

<latexit sha1_base64="XqeDML7uYWRkE7twgBBWW3JIzdw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkZ8OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+id/gzb9xsslBEwsaiqpuuruCWHBtXPfbya2tb2xu5bcLO7t7+wfFw6OmjhLFsMEiEal2QDUKLrFhuBHYjhXSMBDYCsa3M7/1iErzSN6bSYx+SIeSDzijxkr1oFcsuWU3A1kl3oKUbj4hQ61X/Or2I5aEKA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix1JJQ9R+mh06JWdW6ZNBpGxJQzL190RKQ60nYWA7Q2pGetmbif95ncQMrv2UyzgxKNl80SARxERk9jXpc4XMiIkllClubyVsRBVlxmZTsCF4yy+vkuZF2bssV+puqVqZpwF5OIFTOAcPrqAKd1CDBjBAeIIXeHUenGfnzXmft+acxcwx/IHz8QMezo3k</latexit>

3̄

<latexit sha1_base64="lGcj7obM112ljupc3Vyh2OE5snk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VNCcDXjxGMA9IltA7mU2GzM4uM7NCWPIRXjwo4tXP8Bu8+TdONjloYkFDUdVNd1eQCK6N6347K6tr6xubha3i9s7u3n7p4LCp41RR1qCxiFU7QM0El6xhuBGsnSiGUSBYKxjdTv3WI1Oax/LBjBPmRziQPOQUjZVa3QBVdjHplcpuxc1Blok3J+WbT8hR75W+uv2YphGThgrUuuO5ifEzVIZTwSbFbqpZgnSEA9axVGLEtJ/l507IqVX6JIyVLWlIrv6eyDDSehwFtjNCM9SL3lT8z+ukJrz2My6T1DBJZ4vCVBATk+nvpM8Vo0aMLUGquL2V0CEqpMYmVLQheIsvL5PmecW7rFTv3XKtOksDCnAMJ3AGHlxBDe6gDg2gMIIneIFXJ3GenTfnfda64sxnjuAPnI8flP2Qeg==</latexit>

3̄

<latexit sha1_base64="lGcj7obM112ljupc3Vyh2OE5snk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0VNCcDXjxGMA9IltA7mU2GzM4uM7NCWPIRXjwo4tXP8Bu8+TdONjloYkFDUdVNd1eQCK6N6347K6tr6xubha3i9s7u3n7p4LCp41RR1qCxiFU7QM0El6xhuBGsnSiGUSBYKxjdTv3WI1Oax/LBjBPmRziQPOQUjZVa3QBVdjHplcpuxc1Blok3J+WbT8hR75W+uv2YphGThgrUuuO5ifEzVIZTwSbFbqpZgnSEA9axVGLEtJ/l507IqVX6JIyVLWlIrv6eyDDSehwFtjNCM9SL3lT8z+ukJrz2My6T1DBJZ4vCVBATk+nvpM8Vo0aMLUGquL2V0CEqpMYmVLQheIsvL5PmecW7rFTv3XKtOksDCnAMJ3AGHlxBDe6gDg2gMIIneIFXJ3GenTfnfda64sxnjuAPnI8flP2Qeg==</latexit>

d̄

<latexit sha1_base64="Ocny0u0ZdataqVqkkhagfGEsQ6M=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkZ8OIxgnlAsoTe2UkyZHZ2mZkVwpKP8OJBEa9+ht/gzb9xsslBEwsaiqpuuruCRHBtXPfbKaytb2xuFbdLO7t7+wflw6OWjlNFWZPGIladADUTXLKm4UawTqIYRoFg7WB8O/Pbj0xpHssHM0mYH+FQ8gGnaKzU7gWosnDaL1fcqpuDrBJvQSo3n5Cj0S9/9cKYphGThgrUuuu5ifEzVIZTwaalXqpZgnSMQ9a1VGLEtJ/l507JmVVCMoiVLWlIrv6eyDDSehIFtjNCM9LL3kz8z+umZnDtZ1wmqWGSzhcNUkFMTGa/k5ArRo2YWIJUcXsroSNUSI1NqGRD8JZfXiWti6p3Wa3du5V6bZ4GFOEETuEcPLiCOtxBA5pAYQxP8AKvTuI8O2/O+7y14CxmjuEPnI8f33KQqw==</latexit>

ū

<latexit sha1_base64="nWTCPvWh+81IytUARFLKKfe7iWo=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkZ8OIxgnlAsoTZyWwyZHZ2mekVwpKP8OJBEa9+ht/gzb9xsslBEwsaiqpuuruCRAqDrvvtFNbWNza3itulnd29/YPy4VHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSu1ewHVWTrtlytu1c1BVom3IJWbT8jR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN36WnzslZ1YZkDDWthSSXP09kdHImEkU2M6I4sgsezPxP6+bYnjtZ0IlKXLF5ovCVBKMyex3MhCaM5QTSyjTwt5K2IhqytAmVLIheMsvr5LWRdW7rNbu3Uq9Nk8DinACp3AOHlxBHe6gAU1gMIYneIFXJ3GenTfnfd5acBYzx/AHzscP+UeQvA==</latexit>

https://arxiv.org/abs/1707.09575


                                             is bound

 Intuitive Understanding (arxiv:1707.09575)
• bb diquark in heavy quark mass limit 
•       in attractive    channel
• light quarks in cloud screen bb interaction 
• Finite b mass does not change picture

bbūd̄, I = 0, JP = 1+

<latexit sha1_base64="0mbYGAuO+3xG78GbS89YJe6/VKk=">AAACCHicbVC7SgNBFJ2Nrxhf0ZQWDgZBMITdIGiKQMBGrSKYB+TF7OxsMmR2dpmZFcKSdDZ+iWBjoYitWFna+Rn+gZNHoYkHLvdwzr3M3GMHjEplml9GbGFxaXklvppYW9/Y3Epu71SkHwpMythnvqjZSBJGOSkrqhipBYIgz2akavfORn71hghJfX6t+gFpeqjDqUsxUlpqJ/dsu2EjEYWDcXMGGTi8KJiZ4WWrVLBaR+1k2syaY8B5Yk1Jupj6fs99VO9L7eRnw/Fx6BGuMENS1i0zUM0ICUUxI4NEI5QkQLiHOqSuKUcekc1ofMgAHmjFga4vdHEFx+rvjQh5UvY9W096SHXlrDcS//PqoXJPmxHlQagIx5OH3JBB5cNRKtChgmDF+pogLKj+K8RdJBBWOruEDsGaPXmeVHJZ6zibv9Jp5MEEcbAL9sEhsMAJKIJzUAJlgMEteABP4Nm4Mx6NF+N1Mhozpjsp8AfG2w9uXZyr</latexit>

b

<latexit sha1_base64="XqeDML7uYWRkE7twgBBWW3JIzdw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkZ8OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+id/gzb9xsslBEwsaiqpuuruCWHBtXPfbya2tb2xu5bcLO7t7+wfFw6OmjhLFsMEiEal2QDUKLrFhuBHYjhXSMBDYCsa3M7/1iErzSN6bSYx+SIeSDzijxkr1oFcsuWU3A1kl3oKUbj4hQ61X/Or2I5aEKA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix1JJQ9R+mh06JWdW6ZNBpGxJQzL190RKQ60nYWA7Q2pGetmbif95ncQMrv2UyzgxKNl80SARxERk9jXpc4XMiIkllClubyVsRBVlxmZTsCF4yy+vkuZF2bssV+puqVqZpwF5OIFTOAcPrqAKd1CDBjBAeIIXeHUenGfnzXmft+acxcwx/IHz8QMezo3k</latexit>

b

<latexit sha1_base64="XqeDML7uYWRkE7twgBBWW3JIzdw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoDkZ8OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+id/gzb9xsslBEwsaiqpuuruCWHBtXPfbya2tb2xu5bcLO7t7+wfFw6OmjhLFsMEiEal2QDUKLrFhuBHYjhXSMBDYCsa3M7/1iErzSN6bSYx+SIeSDzijxkr1oFcsuWU3A1kl3oKUbj4hQ61X/Or2I5aEKA0TVOuO58bGT6kynAmcFrqJxpiyMR1ix1JJQ9R+mh06JWdW6ZNBpGxJQzL190RKQ60nYWA7Q2pGetmbif95ncQMrv2UyzgxKNl80SARxERk9jXpc4XMiIkllClubyVsRBVlxmZTsCF4yy+vkuZF2bssV+puqVqZpwF5OIFTOAcPrqAKd1CDBjBAeIIXeHUenGfnzXmft+acxcwx/IHz8QMezo3k</latexit>

3̄
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Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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 HQET: MD = mc +ml + C

<latexit sha1_base64="Sap5Gjt6VQ7jAU5iHQ2ajGPfl8s=">AAACBnicbVDLSgMxFM3UV61ax8dOCsEiCIUyI4J2IRTqwo1QwT6gHYZMmrahmcyQZIQydOXGX3HjQhG3bt26c6/foem0C209kHA4596bm+OFjEplWR9GamFxaXklvZpZW9/Ibppb23UZRAKTGg5YIJoekoRRTmqKKkaaoSDI9xhpeIPK2G/cECFpwK/VMCSOj3qcdilGSkuumWsnM2KPRWR06Z7DM+i7GBb0zQoV18xbRSsBnCf2lOTL2e+vt9zuZ9U139udAEc+4QozJGXLtkLlxEgoihkZZdqRJCHCA9QjLU058ol04mSFETzQSgd2A6EPVzBRf3fEyJdy6Hu60keqL2e9sfif14pU99SJKQ8jRTiePNSNGFQBHGcCO1QQrNhQE4QF1btC3EcCYaWTy+gQ7Nkvz5P6UdE+LpaudBolMEEa7IF9cAhscALK4AJUQQ1gcAvuwSN4Mu6MB+PZeJmUpoxpzw74A+P1B5fZm6Q=</latexit>

�-PT : M2
K / ml +ms

<latexit sha1_base64="1b4J3PWrKPygkCp8xD6POcqlZ10="></latexit>

https://arxiv.org/abs/1503.03257
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Ds0(2317)

<latexit sha1_base64="gIMj4EPIdoaBDUfcfDG5aqSKx5g=">AAAB83icbVBNS8NAEJ3Ur1q/op7Ey2IR6qUkVai9FfTgsYL9gDaUzXbTLt1swu5GKKHgr/DiQRGv/hlv/hs3bQ/a+mDg8d4MM/P8mDOlHefbyq2tb2xu5bcLO7t7+wf24VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74JvPbj1QqFokHPYmpF+KhYAEjWBupd9tPlTMtVS7d6kXfLjplZwa0StwFKdZPniBDo29/9QYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls5un6NwoAxRE0pTQaKb+nkhxqNQk9E1niPVILXuZ+J/XTXRw7aVMxImmgswXBQlHOkJZAGjAJCWaTwzBRDJzKyIjLDHRJqaCCcFdfnmVtCpl96pcuzdp1GCOPJzCGZTAhSrU4Q4a0AQCMTzDK7xZifVivVsf89actZg5hj+wPn8AGdaRJg==</latexit>

Ds0 ! D K

<latexit sha1_base64="r5xfe/WsIENblZUJKbNg5VprV7o=">AAACJXicbVDLSgMxFM3UV62vqks3wSK4KjNSUMFF0S4ENxVsLbTDkElv29DMgyQjlGH6MW78FTcuLCK48ldMp4PY1gMXDufcm5t73JAzqUzzy8itrK6tb+Q3C1vbO7t7xf2DpgwiQaFBAx6IlkskcOZDQzHFoRUKIJ7L4dEd3kz9xycQkgX+gxqFYHuk77Meo0RpySlexZ30kdjlESQ1J5ZmkuCOCvCcgWs4wePxryigm9wlTrFkls0UeJlYGSmhDHWnOOl0Axp54CvKiZRtywyVHROhGOWQFDqRhJDQIelDW1OfeCDtOF2Z4BOtdHEvELp8hVP170RMPClHnqs7PaIGctGbiv957Uj1LuyY+WGkwKezRb2IYx3CNDLcZQKo4iNNCBVM/xXTARGEKh1sQYdgLZ68TJpnZatSvryvlKrXWRx5dISO0Smy0DmqoltURw1E0TN6Re9oYrwYb8aH8TlrzRnZzCGag/H9A7rspqM=</latexit>

�-PT

<latexit sha1_base64="tYnYp+oqCnha1Js0EPfcmzR05fI=">AAACAnicbVC7SgNBFJ2Nrxhf0VRisxgEG8NuEDRdwMYyQl6QDWF2cpMMmX0wc1cMS7DxVwSxUMTW0srSzs/wD5xsUmjigQuHc+6dO/e4oeAKLevLSC0tr6yupdczG5tb2zvZ3b26CiLJoMYCEcimSxUI7kMNOQpohhKo5wpouMOLid+4Bql44FdxFELbo32f9zijqKVOdt9J3ogldMcOG3AH4Qbjk0p13MnmrYKVwFwk9ozky7nv9+JH46HSyX463YBFHvjIBFWqZVshtmMqkTMB44wTKQgpG9I+tDT1qQeqHSfrx+aRVrpmL5C6fDQT9fdETD2lRp6rOz2KAzXvTcT/vFaEvfN2zP0wQvDZdFEvEiYG5iQPs8slMBQjTSiTXP/VZAMqKUOdWkaHYM+fvEjqxYJ9Wihd6TRKZIo0OSCH5JjY5IyUySWpkBph5JbckyfybNwZj8aL8TptTRmzmRz5A+PtB2eIm88=</latexit>

ms

<latexit sha1_base64="f5e3Zy/C49NZr9UeAhLYsVNm3ik=">AAAB6nicbVDLSgNBEOyNrxg1xsdNhMEgeAq7ImhuAS8eI5oHJEuYncwmQ2Zml5lZISz5BC8eFPHqz3j15l2/QyePgyYWNBRV3XR3BTFn2rjuh5NZWl5ZXcuu5zY2t/LbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HLsN+6o0iySt2YYU1/gnmQhI9hY6UZ0dKdQdEvuBGiReDNSrOS/v94O9z+rncJ7uxuRRFBpCMdatzw3Nn6KlWGE01GunWgaYzLAPdqyVGJBtZ9OTh2hY6t0URgpW9Kgifp7IsVC66EIbKfApq/nvbH4n9dKTHjhp0zGiaGSTBeFCUcmQuO/UZcpSgwfWoKJYvZWRPpYYWJsOjkbgjf/8iKpn5a8s1L52qZRhimycABHcAIenEMFrqAKNSDQg3t4hCeHOw/Os/Mybc04s5k9+APn9QfVyJHm</latexit>

 HQET: MD = mc +ml + C

<latexit sha1_base64="Sap5Gjt6VQ7jAU5iHQ2ajGPfl8s=">AAACBnicbVDLSgMxFM3UV61ax8dOCsEiCIUyI4J2IRTqwo1QwT6gHYZMmrahmcyQZIQydOXGX3HjQhG3bt26c6/foem0C209kHA4596bm+OFjEplWR9GamFxaXklvZpZW9/Ibppb23UZRAKTGg5YIJoekoRRTmqKKkaaoSDI9xhpeIPK2G/cECFpwK/VMCSOj3qcdilGSkuumWsnM2KPRWR06Z7DM+i7GBb0zQoV18xbRSsBnCf2lOTL2e+vt9zuZ9U139udAEc+4QozJGXLtkLlxEgoihkZZdqRJCHCA9QjLU058ol04mSFETzQSgd2A6EPVzBRf3fEyJdy6Hu60keqL2e9sfif14pU99SJKQ8jRTiePNSNGFQBHGcCO1QQrNhQE4QF1btC3EcCYaWTy+gQ7Nkvz5P6UdE+LpaudBolMEEa7IF9cAhscALK4AJUQQ1gcAvuwSN4Mu6MB+PZeJmUpoxpzw74A+P1B5fZm6Q=</latexit>

�-PT : M2
K / ml +ms

<latexit sha1_base64="1b4J3PWrKPygkCp8xD6POcqlZ10="></latexit>

MD

<latexit sha1_base64="qkIdydRlI325nDF1iVHdd8sjzv4=">AAAB+HicbVDLSsNAFJ3UV62PxsdOhMEiuCqJCNpdQRduhAr2AW0Ik+mkHTqZhHkINfRL3LhQxK1/4dade/0OnaZdaOuBC4dz7p079wQJo1I5zoeVW1hcWl7JrxbW1jc2i/bWdkPGWmBSxzGLRStAkjDKSV1RxUgrEQRFASPNYHA+9pu3REga8xs1TIgXoR6nIcVIGcm3i53sjTRgmoyu/AvfLjllJwOcJ+6UlKqb319v+7ufNd9+73RjrCPCFWZIyrbrJMpLkVAUMzIqdLQkCcID1CNtQzmKiPTSbOkIHhqlC8NYmOIKZurviRRFUg6jwHRGSPXlrDcW//PaWoVnXkp5ohXheLIo1AyqGI5TgF0qCFZsaAjCgpq/QtxHAmFlsiqYENzZk+dJ47jsnpQr1yaNCpggD/bAATgCLjgFVXAJaqAOMNDgHjyCJ+vOerCerZdJa86azuyAP7BefwB5CJdb</latexit>

�✏

<latexit sha1_base64="oNsYE10luOHdKv8by5XyFvvU3fY=">AAAB8HicbVDJSgNBEO2OW4xb1KOXxqB4McyIoLkFvHiMYBZJhtDT6SRNeqO7RwhDvsKLBxe85nO8+Q3+hJ3loIkPCh7vVVFVL9acWRcEXzCzsrq2vpHdzG1t7+zu5fcPalYlhtAqUVyZRowt5UzSqmOO04Y2FIuY03o8uJn49UdqLFPy3g01jQTuSdZlBDsvPZy3qLaMK9nOF4JiMAVaJuGcFMpw/Ca/9Wmlnf9sdRRJBJWOcGxtMwy0i1JsHCOcjnKtxFKNyQD3aNNTiQW1UTo9eIROvNJBXWV8SYem6u+JFAtrhyL2nQK7vl30JuJ/XjNx3esoZVInjkoyW9RNOHIKTb5HHWYocXzoCSaG+VsR6WODifMZ5XwI4eLLy6R2UQwvi6U7n0YJzJAFR+AYnIEQXIEyuAUVUAUECPAEXsArNPAZvsOPWWsGzmcOwR/A8Q9hjZPO</latexit>

M2
K

<latexit sha1_base64="aDtMuYzVFXZs1DBWjy00y3bdZnI=">AAAB+XicbVDLSgMxFL2jVmt9jboSN8EiuLHMFMF2IwU3gggV7APacchk0jY08yDJFMrQP3HjQhG3/oDf4M6/MZ12oa0HLhzOuTc393gxZ1JZ1rexsrqWW9/Ibxa2tnd298z9g6aMEkFog0Q8Em0PS8pZSBuKKU7bsaA48DhtecPrqd8aUSFZFD6ocUydAPdD1mMEKy25ptnN3kgF9Sd37u1j2TWLVsnKgJaJPSfF2lHlM3d17tVd86vrRyQJaKgIx1J2bCtWToqFYoTTSaGbSBpjMsR92tE0xAGVTpptnaBTrfioFwldoUKZ+nsixYGU48DTnQFWA7noTcX/vE6iehUnZWGcKBqS2aJewpGK0DQG5DNBieJjTTARTP8VkQEWmCgdVkGHYC+evEya5ZJ9Uare6zSqMEMejuEEzsCGS6jBDdShAQRG8AQv8GqkxrPxZrzPWleM+cwh/IHx8QNMrpWi</latexit>

�B✏

<latexit sha1_base64="g/G9FHHFY/qdXkfUn5KaLxXtpOE=">AAAB8XicbVDLSgMxFE3qq9ZX1aWbYFHcWGZE0O6KblxWsA9sh5JJ77ShmUxIMkIp/Qs3LiziUv/Gnd/gT5i2LrT1wIXDOfdy7z2hEtxYz/vEmaXlldW17HpuY3Nreye/u1czSaoZVFkiEt0IqQHBJVQttwIaSgONQwH1sH898esPoA1P5J0dKAhi2pU84oxaJ92fXrVAGS4S2c4XvKI3BVkk/g8plPHbWH6p40o7/9HqJCyNQVomqDFN31M2GFJtORMwyrVSA4qyPu1C01FJYzDBcHrxiBw5pUOiRLuSlkzV3xNDGhsziEPXGVPbM/PeRPzPa6Y2ugyGXKrUgmSzRVEqiE3I5H3S4RqYFQNHKNPc3UpYj2rKrAsp50Lw519eJLWzon9eLN26NEpohiw6QIfoBPnoApXRDaqgKmJIokf0jMbY4Cf8gl9nrRn8M7OP/gC/fwPsxpQa</latexit>

m0
s = ms � ✏

<latexit sha1_base64="fujNgTlZQNr1nvVgXdJQU6yAneA=">AAAB/nicbVBNSwMxEM1Wq7V+VcWDeAkW0UvLrgi2B6XgxWMF+wHtUrLpbBuazS5JVihLwb/ixYMiXj36G7z5b8y2PWj1wTCP92bI5HkRZ0rb9peVWVrOrqzm1vLrG5tb24Wd3aYKY0mhQUMeyrZHFHAmoKGZ5tCOJJDA49DyRtep37oHqVgo7vQ4AjcgA8F8Rok2Uq+wH/TUCb7EpuES7kKkGE/1ol22p8B/iTMnxdpB5SN7VfLqvcJntx/SOAChKSdKdRw70m5CpGaUwyTfjRVEhI7IADqGChKAcpPp+RN8bJQ+9kNpSmg8VX9uJCRQahx4ZjIgeqgWvVT8z+vE2q+4CRNRrEHQ2UN+zLEOcZoF7jMJVPOxIYRKZm7FdEgkodokljchOItf/kuaZ2XnvFy9NWlU0Qw5dIiO0Cly0AWqoRtURw1EUYIe0TN6sR6sJ+vVepuNZqz5zh76Bev9Gx+LloQ=</latexit>

https://arxiv.org/abs/1503.03257
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Ds0(2317)

<latexit sha1_base64="gIMj4EPIdoaBDUfcfDG5aqSKx5g=">AAAB83icbVBNS8NAEJ3Ur1q/op7Ey2IR6qUkVai9FfTgsYL9gDaUzXbTLt1swu5GKKHgr/DiQRGv/hlv/hs3bQ/a+mDg8d4MM/P8mDOlHefbyq2tb2xu5bcLO7t7+wf24VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74JvPbj1QqFokHPYmpF+KhYAEjWBupd9tPlTMtVS7d6kXfLjplZwa0StwFKdZPniBDo29/9QYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls5un6NwoAxRE0pTQaKb+nkhxqNQk9E1niPVILXuZ+J/XTXRw7aVMxImmgswXBQlHOkJZAGjAJCWaTwzBRDJzKyIjLDHRJqaCCcFdfnmVtCpl96pcuzdp1GCOPJzCGZTAhSrU4Q4a0AQCMTzDK7xZifVivVsf89actZg5hj+wPn8AGdaRJg==</latexit>

Ds0 ! D K

<latexit sha1_base64="r5xfe/WsIENblZUJKbNg5VprV7o=">AAACJXicbVDLSgMxFM3UV62vqks3wSK4KjNSUMFF0S4ENxVsLbTDkElv29DMgyQjlGH6MW78FTcuLCK48ldMp4PY1gMXDufcm5t73JAzqUzzy8itrK6tb+Q3C1vbO7t7xf2DpgwiQaFBAx6IlkskcOZDQzHFoRUKIJ7L4dEd3kz9xycQkgX+gxqFYHuk77Meo0RpySlexZ30kdjlESQ1J5ZmkuCOCvCcgWs4wePxryigm9wlTrFkls0UeJlYGSmhDHWnOOl0Axp54CvKiZRtywyVHROhGOWQFDqRhJDQIelDW1OfeCDtOF2Z4BOtdHEvELp8hVP170RMPClHnqs7PaIGctGbiv957Uj1LuyY+WGkwKezRb2IYx3CNDLcZQKo4iNNCBVM/xXTARGEKh1sQYdgLZ68TJpnZatSvryvlKrXWRx5dISO0Smy0DmqoltURw1E0TN6Re9oYrwYb8aH8TlrzRnZzCGag/H9A7rspqM=</latexit>

�-PT

<latexit sha1_base64="tYnYp+oqCnha1Js0EPfcmzR05fI=">AAACAnicbVC7SgNBFJ2Nrxhf0VRisxgEG8NuEDRdwMYyQl6QDWF2cpMMmX0wc1cMS7DxVwSxUMTW0srSzs/wD5xsUmjigQuHc+6dO/e4oeAKLevLSC0tr6yupdczG5tb2zvZ3b26CiLJoMYCEcimSxUI7kMNOQpohhKo5wpouMOLid+4Bql44FdxFELbo32f9zijqKVOdt9J3ogldMcOG3AH4Qbjk0p13MnmrYKVwFwk9ozky7nv9+JH46HSyX463YBFHvjIBFWqZVshtmMqkTMB44wTKQgpG9I+tDT1qQeqHSfrx+aRVrpmL5C6fDQT9fdETD2lRp6rOz2KAzXvTcT/vFaEvfN2zP0wQvDZdFEvEiYG5iQPs8slMBQjTSiTXP/VZAMqKUOdWkaHYM+fvEjqxYJ9Wihd6TRKZIo0OSCH5JjY5IyUySWpkBph5JbckyfybNwZj8aL8TptTRmzmRz5A+PtB2eIm88=</latexit>

ms

<latexit sha1_base64="f5e3Zy/C49NZr9UeAhLYsVNm3ik=">AAAB6nicbVDLSgNBEOyNrxg1xsdNhMEgeAq7ImhuAS8eI5oHJEuYncwmQ2Zml5lZISz5BC8eFPHqz3j15l2/QyePgyYWNBRV3XR3BTFn2rjuh5NZWl5ZXcuu5zY2t/LbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HLsN+6o0iySt2YYU1/gnmQhI9hY6UZ0dKdQdEvuBGiReDNSrOS/v94O9z+rncJ7uxuRRFBpCMdatzw3Nn6KlWGE01GunWgaYzLAPdqyVGJBtZ9OTh2hY6t0URgpW9Kgifp7IsVC66EIbKfApq/nvbH4n9dKTHjhp0zGiaGSTBeFCUcmQuO/UZcpSgwfWoKJYvZWRPpYYWJsOjkbgjf/8iKpn5a8s1L52qZRhimycABHcAIenEMFrqAKNSDQg3t4hCeHOw/Os/Mybc04s5k9+APn9QfVyJHm</latexit>

 HQET: MD = mc +ml + C

<latexit sha1_base64="Sap5Gjt6VQ7jAU5iHQ2ajGPfl8s=">AAACBnicbVDLSgMxFM3UV61ax8dOCsEiCIUyI4J2IRTqwo1QwT6gHYZMmrahmcyQZIQydOXGX3HjQhG3bt26c6/foem0C209kHA4596bm+OFjEplWR9GamFxaXklvZpZW9/Ibppb23UZRAKTGg5YIJoekoRRTmqKKkaaoSDI9xhpeIPK2G/cECFpwK/VMCSOj3qcdilGSkuumWsnM2KPRWR06Z7DM+i7GBb0zQoV18xbRSsBnCf2lOTL2e+vt9zuZ9U139udAEc+4QozJGXLtkLlxEgoihkZZdqRJCHCA9QjLU058ol04mSFETzQSgd2A6EPVzBRf3fEyJdy6Hu60keqL2e9sfif14pU99SJKQ8jRTiePNSNGFQBHGcCO1QQrNhQE4QF1btC3EcCYaWTy+gQ7Nkvz5P6UdE+LpaudBolMEEa7IF9cAhscALK4AJUQQ1gcAvuwSN4Mu6MB+PZeJmUpoxpzw74A+P1B5fZm6Q=</latexit>

�-PT : M2
K / ml +ms

<latexit sha1_base64="1b4J3PWrKPygkCp8xD6POcqlZ10="></latexit>

MD

<latexit sha1_base64="qkIdydRlI325nDF1iVHdd8sjzv4=">AAAB+HicbVDLSsNAFJ3UV62PxsdOhMEiuCqJCNpdQRduhAr2AW0Ik+mkHTqZhHkINfRL3LhQxK1/4dade/0OnaZdaOuBC4dz7p079wQJo1I5zoeVW1hcWl7JrxbW1jc2i/bWdkPGWmBSxzGLRStAkjDKSV1RxUgrEQRFASPNYHA+9pu3REga8xs1TIgXoR6nIcVIGcm3i53sjTRgmoyu/AvfLjllJwOcJ+6UlKqb319v+7ufNd9+73RjrCPCFWZIyrbrJMpLkVAUMzIqdLQkCcID1CNtQzmKiPTSbOkIHhqlC8NYmOIKZurviRRFUg6jwHRGSPXlrDcW//PaWoVnXkp5ohXheLIo1AyqGI5TgF0qCFZsaAjCgpq/QtxHAmFlsiqYENzZk+dJ47jsnpQr1yaNCpggD/bAATgCLjgFVXAJaqAOMNDgHjyCJ+vOerCerZdJa86azuyAP7BefwB5CJdb</latexit>

�✏

<latexit sha1_base64="oNsYE10luOHdKv8by5XyFvvU3fY=">AAAB8HicbVDJSgNBEO2OW4xb1KOXxqB4McyIoLkFvHiMYBZJhtDT6SRNeqO7RwhDvsKLBxe85nO8+Q3+hJ3loIkPCh7vVVFVL9acWRcEXzCzsrq2vpHdzG1t7+zu5fcPalYlhtAqUVyZRowt5UzSqmOO04Y2FIuY03o8uJn49UdqLFPy3g01jQTuSdZlBDsvPZy3qLaMK9nOF4JiMAVaJuGcFMpw/Ca/9Wmlnf9sdRRJBJWOcGxtMwy0i1JsHCOcjnKtxFKNyQD3aNNTiQW1UTo9eIROvNJBXWV8SYem6u+JFAtrhyL2nQK7vl30JuJ/XjNx3esoZVInjkoyW9RNOHIKTb5HHWYocXzoCSaG+VsR6WODifMZ5XwI4eLLy6R2UQwvi6U7n0YJzJAFR+AYnIEQXIEyuAUVUAUECPAEXsArNPAZvsOPWWsGzmcOwR/A8Q9hjZPO</latexit>

M2
K

<latexit sha1_base64="aDtMuYzVFXZs1DBWjy00y3bdZnI=">AAAB+XicbVDLSgMxFL2jVmt9jboSN8EiuLHMFMF2IwU3gggV7APacchk0jY08yDJFMrQP3HjQhG3/oDf4M6/MZ12oa0HLhzOuTc393gxZ1JZ1rexsrqWW9/Ibxa2tnd298z9g6aMEkFog0Q8Em0PS8pZSBuKKU7bsaA48DhtecPrqd8aUSFZFD6ocUydAPdD1mMEKy25ptnN3kgF9Sd37u1j2TWLVsnKgJaJPSfF2lHlM3d17tVd86vrRyQJaKgIx1J2bCtWToqFYoTTSaGbSBpjMsR92tE0xAGVTpptnaBTrfioFwldoUKZ+nsixYGU48DTnQFWA7noTcX/vE6iehUnZWGcKBqS2aJewpGK0DQG5DNBieJjTTARTP8VkQEWmCgdVkGHYC+evEya5ZJ9Uare6zSqMEMejuEEzsCGS6jBDdShAQRG8AQv8GqkxrPxZrzPWleM+cwh/IHx8QNMrpWi</latexit>

�B✏

<latexit sha1_base64="g/G9FHHFY/qdXkfUn5KaLxXtpOE=">AAAB8XicbVDLSgMxFE3qq9ZX1aWbYFHcWGZE0O6KblxWsA9sh5JJ77ShmUxIMkIp/Qs3LiziUv/Gnd/gT5i2LrT1wIXDOfdy7z2hEtxYz/vEmaXlldW17HpuY3Nreye/u1czSaoZVFkiEt0IqQHBJVQttwIaSgONQwH1sH898esPoA1P5J0dKAhi2pU84oxaJ92fXrVAGS4S2c4XvKI3BVkk/g8plPHbWH6p40o7/9HqJCyNQVomqDFN31M2GFJtORMwyrVSA4qyPu1C01FJYzDBcHrxiBw5pUOiRLuSlkzV3xNDGhsziEPXGVPbM/PeRPzPa6Y2ugyGXKrUgmSzRVEqiE3I5H3S4RqYFQNHKNPc3UpYj2rKrAsp50Lw519eJLWzon9eLN26NEpohiw6QIfoBPnoApXRDaqgKmJIokf0jMbY4Cf8gl9nrRn8M7OP/gC/fwPsxpQa</latexit>

Ds0

<latexit sha1_base64="+kQSm0n7UhlHhnEtws/MJqGtm+8=">AAAB7XicbVDLSgNBEOz1GaPG+LiJMBgET2FXBM0toAePEcwDkiXMTmaTMbMzy8ysEJb8gxcPinj1W7x6867foZPHQRMLGoqqbrq7gpgzbVz3w1lYXFpeWc2sZdc3NnNb+e2dmpaJIrRKJJeqEWBNORO0apjhtBEriqOA03rQvxj59TuqNJPixgxi6ke4K1jICDZWql22U+0O2/mCW3THQPPEm5JCOff99Xaw91lp599bHUmSiApDONa66bmx8VOsDCOcDrOtRNMYkz7u0qalAkdU++n42iE6skoHhVLZEgaN1d8TKY60HkSB7Yyw6elZbyT+5zUTE577KRNxYqggk0VhwpGRaPQ66jBFieEDSzBRzN6KSA8rTIwNKGtD8GZfnie1k6J3Wixd2zRKMEEG9uEQjsGDMyjDFVSgCgRu4R4e4cmRzoPz7LxMWhec6cwu/IHz+gPLPpMD</latexit>

m0
s = ms � ✏

<latexit sha1_base64="fujNgTlZQNr1nvVgXdJQU6yAneA=">AAAB/nicbVBNSwMxEM1Wq7V+VcWDeAkW0UvLrgi2B6XgxWMF+wHtUrLpbBuazS5JVihLwb/ixYMiXj36G7z5b8y2PWj1wTCP92bI5HkRZ0rb9peVWVrOrqzm1vLrG5tb24Wd3aYKY0mhQUMeyrZHFHAmoKGZ5tCOJJDA49DyRtep37oHqVgo7vQ4AjcgA8F8Rok2Uq+wH/TUCb7EpuES7kKkGE/1ol22p8B/iTMnxdpB5SN7VfLqvcJntx/SOAChKSdKdRw70m5CpGaUwyTfjRVEhI7IADqGChKAcpPp+RN8bJQ+9kNpSmg8VX9uJCRQahx4ZjIgeqgWvVT8z+vE2q+4CRNRrEHQ2UN+zLEOcZoF7jMJVPOxIYRKZm7FdEgkodokljchOItf/kuaZ2XnvFy9NWlU0Qw5dIiO0Cly0AWqoRtURw1EUYIe0TN6sR6sJ+vVepuNZqz5zh76Bev9Gx+LloQ=</latexit>
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<latexit sha1_base64="gIMj4EPIdoaBDUfcfDG5aqSKx5g=">AAAB83icbVBNS8NAEJ3Ur1q/op7Ey2IR6qUkVai9FfTgsYL9gDaUzXbTLt1swu5GKKHgr/DiQRGv/hlv/hs3bQ/a+mDg8d4MM/P8mDOlHefbyq2tb2xu5bcLO7t7+wf24VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74JvPbj1QqFokHPYmpF+KhYAEjWBupd9tPlTMtVS7d6kXfLjplZwa0StwFKdZPniBDo29/9QYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls5un6NwoAxRE0pTQaKb+nkhxqNQk9E1niPVILXuZ+J/XTXRw7aVMxImmgswXBQlHOkJZAGjAJCWaTwzBRDJzKyIjLDHRJqaCCcFdfnmVtCpl96pcuzdp1GCOPJzCGZTAhSrU4Q4a0AQCMTzDK7xZifVivVsf89actZg5hj+wPn8AGdaRJg==</latexit>

Ds0 ! D K

<latexit sha1_base64="r5xfe/WsIENblZUJKbNg5VprV7o=">AAACJXicbVDLSgMxFM3UV62vqks3wSK4KjNSUMFF0S4ENxVsLbTDkElv29DMgyQjlGH6MW78FTcuLCK48ldMp4PY1gMXDufcm5t73JAzqUzzy8itrK6tb+Q3C1vbO7t7xf2DpgwiQaFBAx6IlkskcOZDQzHFoRUKIJ7L4dEd3kz9xycQkgX+gxqFYHuk77Meo0RpySlexZ30kdjlESQ1J5ZmkuCOCvCcgWs4wePxryigm9wlTrFkls0UeJlYGSmhDHWnOOl0Axp54CvKiZRtywyVHROhGOWQFDqRhJDQIelDW1OfeCDtOF2Z4BOtdHEvELp8hVP170RMPClHnqs7PaIGctGbiv957Uj1LuyY+WGkwKezRb2IYx3CNDLcZQKo4iNNCBVM/xXTARGEKh1sQYdgLZ68TJpnZatSvryvlKrXWRx5dISO0Smy0DmqoltURw1E0TN6Re9oYrwYb8aH8TlrzRnZzCGag/H9A7rspqM=</latexit>

�-PT

<latexit sha1_base64="tYnYp+oqCnha1Js0EPfcmzR05fI=">AAACAnicbVC7SgNBFJ2Nrxhf0VRisxgEG8NuEDRdwMYyQl6QDWF2cpMMmX0wc1cMS7DxVwSxUMTW0srSzs/wD5xsUmjigQuHc+6dO/e4oeAKLevLSC0tr6yupdczG5tb2zvZ3b26CiLJoMYCEcimSxUI7kMNOQpohhKo5wpouMOLid+4Bql44FdxFELbo32f9zijqKVOdt9J3ogldMcOG3AH4Qbjk0p13MnmrYKVwFwk9ozky7nv9+JH46HSyX463YBFHvjIBFWqZVshtmMqkTMB44wTKQgpG9I+tDT1qQeqHSfrx+aRVrpmL5C6fDQT9fdETD2lRp6rOz2KAzXvTcT/vFaEvfN2zP0wQvDZdFEvEiYG5iQPs8slMBQjTSiTXP/VZAMqKUOdWkaHYM+fvEjqxYJ9Wihd6TRKZIo0OSCH5JjY5IyUySWpkBph5JbckyfybNwZj8aL8TptTRmzmRz5A+PtB2eIm88=</latexit>

ms

<latexit sha1_base64="f5e3Zy/C49NZr9UeAhLYsVNm3ik=">AAAB6nicbVDLSgNBEOyNrxg1xsdNhMEgeAq7ImhuAS8eI5oHJEuYncwmQ2Zml5lZISz5BC8eFPHqz3j15l2/QyePgyYWNBRV3XR3BTFn2rjuh5NZWl5ZXcuu5zY2t/LbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HLsN+6o0iySt2YYU1/gnmQhI9hY6UZ0dKdQdEvuBGiReDNSrOS/v94O9z+rncJ7uxuRRFBpCMdatzw3Nn6KlWGE01GunWgaYzLAPdqyVGJBtZ9OTh2hY6t0URgpW9Kgifp7IsVC66EIbKfApq/nvbH4n9dKTHjhp0zGiaGSTBeFCUcmQuO/UZcpSgwfWoKJYvZWRPpYYWJsOjkbgjf/8iKpn5a8s1L52qZRhimycABHcAIenEMFrqAKNSDQg3t4hCeHOw/Os/Mybc04s5k9+APn9QfVyJHm</latexit>

 HQET: MD = mc +ml + C

<latexit sha1_base64="Sap5Gjt6VQ7jAU5iHQ2ajGPfl8s=">AAACBnicbVDLSgMxFM3UV61ax8dOCsEiCIUyI4J2IRTqwo1QwT6gHYZMmrahmcyQZIQydOXGX3HjQhG3bt26c6/foem0C209kHA4596bm+OFjEplWR9GamFxaXklvZpZW9/Ibppb23UZRAKTGg5YIJoekoRRTmqKKkaaoSDI9xhpeIPK2G/cECFpwK/VMCSOj3qcdilGSkuumWsnM2KPRWR06Z7DM+i7GBb0zQoV18xbRSsBnCf2lOTL2e+vt9zuZ9U139udAEc+4QozJGXLtkLlxEgoihkZZdqRJCHCA9QjLU058ol04mSFETzQSgd2A6EPVzBRf3fEyJdy6Hu60keqL2e9sfif14pU99SJKQ8jRTiePNSNGFQBHGcCO1QQrNhQE4QF1btC3EcCYaWTy+gQ7Nkvz5P6UdE+LpaudBolMEEa7IF9cAhscALK4AJUQQ1gcAvuwSN4Mu6MB+PZeJmUpoxpzw74A+P1B5fZm6Q=</latexit>

�-PT : M2
K / ml +ms

<latexit sha1_base64="1b4J3PWrKPygkCp8xD6POcqlZ10="></latexit>

MD

<latexit sha1_base64="qkIdydRlI325nDF1iVHdd8sjzv4=">AAAB+HicbVDLSsNAFJ3UV62PxsdOhMEiuCqJCNpdQRduhAr2AW0Ik+mkHTqZhHkINfRL3LhQxK1/4dade/0OnaZdaOuBC4dz7p079wQJo1I5zoeVW1hcWl7JrxbW1jc2i/bWdkPGWmBSxzGLRStAkjDKSV1RxUgrEQRFASPNYHA+9pu3REga8xs1TIgXoR6nIcVIGcm3i53sjTRgmoyu/AvfLjllJwOcJ+6UlKqb319v+7ufNd9+73RjrCPCFWZIyrbrJMpLkVAUMzIqdLQkCcID1CNtQzmKiPTSbOkIHhqlC8NYmOIKZurviRRFUg6jwHRGSPXlrDcW//PaWoVnXkp5ohXheLIo1AyqGI5TgF0qCFZsaAjCgpq/QtxHAmFlsiqYENzZk+dJ47jsnpQr1yaNCpggD/bAATgCLjgFVXAJaqAOMNDgHjyCJ+vOerCerZdJa86azuyAP7BefwB5CJdb</latexit>

�✏

<latexit sha1_base64="oNsYE10luOHdKv8by5XyFvvU3fY=">AAAB8HicbVDJSgNBEO2OW4xb1KOXxqB4McyIoLkFvHiMYBZJhtDT6SRNeqO7RwhDvsKLBxe85nO8+Q3+hJ3loIkPCh7vVVFVL9acWRcEXzCzsrq2vpHdzG1t7+zu5fcPalYlhtAqUVyZRowt5UzSqmOO04Y2FIuY03o8uJn49UdqLFPy3g01jQTuSdZlBDsvPZy3qLaMK9nOF4JiMAVaJuGcFMpw/Ca/9Wmlnf9sdRRJBJWOcGxtMwy0i1JsHCOcjnKtxFKNyQD3aNNTiQW1UTo9eIROvNJBXWV8SYem6u+JFAtrhyL2nQK7vl30JuJ/XjNx3esoZVInjkoyW9RNOHIKTb5HHWYocXzoCSaG+VsR6WODifMZ5XwI4eLLy6R2UQwvi6U7n0YJzJAFR+AYnIEQXIEyuAUVUAUECPAEXsArNPAZvsOPWWsGzmcOwR/A8Q9hjZPO</latexit>

M2
K

<latexit sha1_base64="aDtMuYzVFXZs1DBWjy00y3bdZnI=">AAAB+XicbVDLSgMxFL2jVmt9jboSN8EiuLHMFMF2IwU3gggV7APacchk0jY08yDJFMrQP3HjQhG3/oDf4M6/MZ12oa0HLhzOuTc393gxZ1JZ1rexsrqWW9/Ibxa2tnd298z9g6aMEkFog0Q8Em0PS8pZSBuKKU7bsaA48DhtecPrqd8aUSFZFD6ocUydAPdD1mMEKy25ptnN3kgF9Sd37u1j2TWLVsnKgJaJPSfF2lHlM3d17tVd86vrRyQJaKgIx1J2bCtWToqFYoTTSaGbSBpjMsR92tE0xAGVTpptnaBTrfioFwldoUKZ+nsixYGU48DTnQFWA7noTcX/vE6iehUnZWGcKBqS2aJewpGK0DQG5DNBieJjTTARTP8VkQEWmCgdVkGHYC+evEya5ZJ9Uare6zSqMEMejuEEzsCGS6jBDdShAQRG8AQv8GqkxrPxZrzPWleM+cwh/IHx8QNMrpWi</latexit>

�B✏

<latexit sha1_base64="g/G9FHHFY/qdXkfUn5KaLxXtpOE=">AAAB8XicbVDLSgMxFE3qq9ZX1aWbYFHcWGZE0O6KblxWsA9sh5JJ77ShmUxIMkIp/Qs3LiziUv/Gnd/gT5i2LrT1wIXDOfdy7z2hEtxYz/vEmaXlldW17HpuY3Nreye/u1czSaoZVFkiEt0IqQHBJVQttwIaSgONQwH1sH898esPoA1P5J0dKAhi2pU84oxaJ92fXrVAGS4S2c4XvKI3BVkk/g8plPHbWH6p40o7/9HqJCyNQVomqDFN31M2GFJtORMwyrVSA4qyPu1C01FJYzDBcHrxiBw5pUOiRLuSlkzV3xNDGhsziEPXGVPbM/PeRPzPa6Y2ugyGXKrUgmSzRVEqiE3I5H3S4RqYFQNHKNPc3UpYj2rKrAsp50Lw519eJLWzon9eLN26NEpohiw6QIfoBPnoApXRDaqgKmJIokf0jMbY4Cf8gl9nrRn8M7OP/gC/fwPsxpQa</latexit>

Ds0

<latexit sha1_base64="+kQSm0n7UhlHhnEtws/MJqGtm+8=">AAAB7XicbVDLSgNBEOz1GaPG+LiJMBgET2FXBM0toAePEcwDkiXMTmaTMbMzy8ysEJb8gxcPinj1W7x6867foZPHQRMLGoqqbrq7gpgzbVz3w1lYXFpeWc2sZdc3NnNb+e2dmpaJIrRKJJeqEWBNORO0apjhtBEriqOA03rQvxj59TuqNJPixgxi6ke4K1jICDZWql22U+0O2/mCW3THQPPEm5JCOff99Xaw91lp599bHUmSiApDONa66bmx8VOsDCOcDrOtRNMYkz7u0qalAkdU++n42iE6skoHhVLZEgaN1d8TKY60HkSB7Yyw6elZbyT+5zUTE577KRNxYqggk0VhwpGRaPQ66jBFieEDSzBRzN6KSA8rTIwNKGtD8GZfnie1k6J3Wixd2zRKMEEG9uEQjsGDMyjDFVSgCgRu4R4e4cmRzoPz7LxMWhec6cwu/IHz+gPLPpMD</latexit>

m0
s = ms � ✏

<latexit sha1_base64="fujNgTlZQNr1nvVgXdJQU6yAneA=">AAAB/nicbVBNSwMxEM1Wq7V+VcWDeAkW0UvLrgi2B6XgxWMF+wHtUrLpbBuazS5JVihLwb/ixYMiXj36G7z5b8y2PWj1wTCP92bI5HkRZ0rb9peVWVrOrqzm1vLrG5tb24Wd3aYKY0mhQUMeyrZHFHAmoKGZ5tCOJJDA49DyRtep37oHqVgo7vQ4AjcgA8F8Rok2Uq+wH/TUCb7EpuES7kKkGE/1ol22p8B/iTMnxdpB5SN7VfLqvcJntx/SOAChKSdKdRw70m5CpGaUwyTfjRVEhI7IADqGChKAcpPp+RN8bJQ+9kNpSmg8VX9uJCRQahx4ZjIgeqgWvVT8z+vE2q+4CRNRrEHQ2UN+zLEOcZoF7jMJVPOxIYRKZm7FdEgkodokljchOItf/kuaZ2XnvFy9NWlU0Qw5dIiO0Cly0AWqoRtURw1EUYIe0TN6sR6sJ+vVepuNZqz5zh76Bev9Gx+LloQ=</latexit>

https://arxiv.org/abs/1503.03257


arxiv:1911.02024

 Practical Proposal: Supplement     
Experimental Data with Lattice 
QCD
 Use HQET and           to study 

    
     as a function of

1. Take
        changes as
        changes as

2.  LHS changes slower than RHS
     => Can make        sit at threshold   
3. Study in Lattice to understand 
    S-wave threshold effects 

Ds0(2317)

<latexit sha1_base64="gIMj4EPIdoaBDUfcfDG5aqSKx5g=">AAAB83icbVBNS8NAEJ3Ur1q/op7Ey2IR6qUkVai9FfTgsYL9gDaUzXbTLt1swu5GKKHgr/DiQRGv/hlv/hs3bQ/a+mDg8d4MM/P8mDOlHefbyq2tb2xu5bcLO7t7+wf24VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74JvPbj1QqFokHPYmpF+KhYAEjWBupd9tPlTMtVS7d6kXfLjplZwa0StwFKdZPniBDo29/9QYRSUIqNOFYqa7rxNpLsdSMcDot9BJFY0zGeEi7hgocUuWls5un6NwoAxRE0pTQaKb+nkhxqNQk9E1niPVILXuZ+J/XTXRw7aVMxImmgswXBQlHOkJZAGjAJCWaTwzBRDJzKyIjLDHRJqaCCcFdfnmVtCpl96pcuzdp1GCOPJzCGZTAhSrU4Q4a0AQCMTzDK7xZifVivVsf89actZg5hj+wPn8AGdaRJg==</latexit>

Ds0 ! D K

<latexit sha1_base64="r5xfe/WsIENblZUJKbNg5VprV7o=">AAACJXicbVDLSgMxFM3UV62vqks3wSK4KjNSUMFF0S4ENxVsLbTDkElv29DMgyQjlGH6MW78FTcuLCK48ldMp4PY1gMXDufcm5t73JAzqUzzy8itrK6tb+Q3C1vbO7t7xf2DpgwiQaFBAx6IlkskcOZDQzHFoRUKIJ7L4dEd3kz9xycQkgX+gxqFYHuk77Meo0RpySlexZ30kdjlESQ1J5ZmkuCOCvCcgWs4wePxryigm9wlTrFkls0UeJlYGSmhDHWnOOl0Axp54CvKiZRtywyVHROhGOWQFDqRhJDQIelDW1OfeCDtOF2Z4BOtdHEvELp8hVP170RMPClHnqs7PaIGctGbiv957Uj1LuyY+WGkwKezRb2IYx3CNDLcZQKo4iNNCBVM/xXTARGEKh1sQYdgLZ68TJpnZatSvryvlKrXWRx5dISO0Smy0DmqoltURw1E0TN6Re9oYrwYb8aH8TlrzRnZzCGag/H9A7rspqM=</latexit>

�-PT

<latexit sha1_base64="tYnYp+oqCnha1Js0EPfcmzR05fI=">AAACAnicbVC7SgNBFJ2Nrxhf0VRisxgEG8NuEDRdwMYyQl6QDWF2cpMMmX0wc1cMS7DxVwSxUMTW0srSzs/wD5xsUmjigQuHc+6dO/e4oeAKLevLSC0tr6yupdczG5tb2zvZ3b26CiLJoMYCEcimSxUI7kMNOQpohhKo5wpouMOLid+4Bql44FdxFELbo32f9zijqKVOdt9J3ogldMcOG3AH4Qbjk0p13MnmrYKVwFwk9ozky7nv9+JH46HSyX463YBFHvjIBFWqZVshtmMqkTMB44wTKQgpG9I+tDT1qQeqHSfrx+aRVrpmL5C6fDQT9fdETD2lRp6rOz2KAzXvTcT/vFaEvfN2zP0wQvDZdFEvEiYG5iQPs8slMBQjTSiTXP/VZAMqKUOdWkaHYM+fvEjqxYJ9Wihd6TRKZIo0OSCH5JjY5IyUySWpkBph5JbckyfybNwZj8aL8TptTRmzmRz5A+PtB2eIm88=</latexit>

ms

<latexit sha1_base64="f5e3Zy/C49NZr9UeAhLYsVNm3ik=">AAAB6nicbVDLSgNBEOyNrxg1xsdNhMEgeAq7ImhuAS8eI5oHJEuYncwmQ2Zml5lZISz5BC8eFPHqz3j15l2/QyePgyYWNBRV3XR3BTFn2rjuh5NZWl5ZXcuu5zY2t/LbhZ3duo4SRWiNRDxSzQBrypmkNcMMp81YUSwCThvB4HLsN+6o0iySt2YYU1/gnmQhI9hY6UZ0dKdQdEvuBGiReDNSrOS/v94O9z+rncJ7uxuRRFBpCMdatzw3Nn6KlWGE01GunWgaYzLAPdqyVGJBtZ9OTh2hY6t0URgpW9Kgifp7IsVC66EIbKfApq/nvbH4n9dKTHjhp0zGiaGSTBeFCUcmQuO/UZcpSgwfWoKJYvZWRPpYYWJsOjkbgjf/8iKpn5a8s1L52qZRhimycABHcAIenEMFrqAKNSDQg3t4hCeHOw/Os/Mybc04s5k9+APn9QfVyJHm</latexit>

MD

<latexit sha1_base64="qkIdydRlI325nDF1iVHdd8sjzv4=">AAAB+HicbVDLSsNAFJ3UV62PxsdOhMEiuCqJCNpdQRduhAr2AW0Ik+mkHTqZhHkINfRL3LhQxK1/4dade/0OnaZdaOuBC4dz7p079wQJo1I5zoeVW1hcWl7JrxbW1jc2i/bWdkPGWmBSxzGLRStAkjDKSV1RxUgrEQRFASPNYHA+9pu3REga8xs1TIgXoR6nIcVIGcm3i53sjTRgmoyu/AvfLjllJwOcJ+6UlKqb319v+7ufNd9+73RjrCPCFWZIyrbrJMpLkVAUMzIqdLQkCcID1CNtQzmKiPTSbOkIHhqlC8NYmOIKZurviRRFUg6jwHRGSPXlrDcW//PaWoVnXkp5ohXheLIo1AyqGI5TgF0qCFZsaAjCgpq/QtxHAmFlsiqYENzZk+dJ47jsnpQr1yaNCpggD/bAATgCLjgFVXAJaqAOMNDgHjyCJ+vOerCerZdJa86azuyAP7BefwB5CJdb</latexit>

�✏

<latexit sha1_base64="oNsYE10luOHdKv8by5XyFvvU3fY=">AAAB8HicbVDJSgNBEO2OW4xb1KOXxqB4McyIoLkFvHiMYBZJhtDT6SRNeqO7RwhDvsKLBxe85nO8+Q3+hJ3loIkPCh7vVVFVL9acWRcEXzCzsrq2vpHdzG1t7+zu5fcPalYlhtAqUVyZRowt5UzSqmOO04Y2FIuY03o8uJn49UdqLFPy3g01jQTuSdZlBDsvPZy3qLaMK9nOF4JiMAVaJuGcFMpw/Ca/9Wmlnf9sdRRJBJWOcGxtMwy0i1JsHCOcjnKtxFKNyQD3aNNTiQW1UTo9eIROvNJBXWV8SYem6u+JFAtrhyL2nQK7vl30JuJ/XjNx3esoZVInjkoyW9RNOHIKTb5HHWYocXzoCSaG+VsR6WODifMZ5XwI4eLLy6R2UQwvi6U7n0YJzJAFR+AYnIEQXIEyuAUVUAUECPAEXsArNPAZvsOPWWsGzmcOwR/A8Q9hjZPO</latexit>

M2
K
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https://arxiv.org/abs/1503.03257
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Scattering Overview: What Is A State? 
           : “State” =  A Pole Singularity of the Scattering MatrixDefn

<latexit sha1_base64="DBZVCuUoVLHXY36fFY392G2CK+8=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSlIE7a6gC5cV7APaWCaTm3boZBJmJkII9VfcuKiIW7/AlUt3foZ/4KTtQlsPXDicc+/MvceLGZXKtr+MldW19Y3NwlZxe2d3b988OGzJKBEEmiRikeh4WAKjHJqKKgadWAAOPQZtb3SZ++17EJJG/FalMbghHnAaUIKVlvpm6QqCu6yXcB9E/kbGx+O+WbYr9hTWMnHmpFwvfb9XP9qTRt/87PkRSULgijAsZdexY+VmWChKGIyLvURCjMkID6CrKcchSDebLj+2TrTiW0EkdHFlTdXfExkOpUxDT3eGWA3lopeL/3ndRAUXbkZ5nCjgZPZRkDBLRVaehOVTAUSxVBNMBNW7WmSIBSZK51XUITiLJy+TVrXinFVqNzqNGpqhgI7QMTpFDjpHdXSNGqiJCErRI5qgZ+PBeDJejNdZ64oxnymhPzDefgDudJlY</latexit>

 What A State is Not : A Bump In Experimental Data
•  Non-Pole Singularities of S-Matrix Due To Kinematical Effects (which are 

not a state) can cause Data to go bump, e.g., arxiv:1912.07030
• Cusps (Opening of Nearby Multi-Particle Thresholds)
• Triangle Singularity

•  Cusp/Triangle Singularity and State (which is a Pole) may both be Present
            in Experimental Data

 Breit-Wigner theoretically motived if only one resonance in one channel 
     (pdg mini-review on resonances)

 N.B.: Unitarity and Analyticity give rise to non-trivial line shapes. Cannot use  
              sum of Breit-Wigners, use eg., K-matrix, see inspire:1519654

https://arxiv.org/abs/1912.07030
https://inspirehep.net/literature/1519654


Conventional States 
           : “Conventional States” = “States we understand well enough”Defn

<latexit sha1_base64="DBZVCuUoVLHXY36fFY392G2CK+8=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSlIE7a6gC5cV7APaWCaTm3boZBJmJkII9VfcuKiIW7/AlUt3foZ/4KTtQlsPXDicc+/MvceLGZXKtr+MldW19Y3NwlZxe2d3b988OGzJKBEEmiRikeh4WAKjHJqKKgadWAAOPQZtb3SZ++17EJJG/FalMbghHnAaUIKVlvpm6QqCu6yXcB9E/kbGx+O+WbYr9hTWMnHmpFwvfb9XP9qTRt/87PkRSULgijAsZdexY+VmWChKGIyLvURCjMkID6CrKcchSDebLj+2TrTiW0EkdHFlTdXfExkOpUxDT3eGWA3lopeL/3ndRAUXbkZ5nCjgZPZRkDBLRVaehOVTAUSxVBNMBNW7WmSIBSZK51XUITiLJy+TVrXinFVqNzqNGpqhgI7QMTpFDjpHdXSNGqiJCErRI5qgZ+PBeDJejNdZ64oxnymhPzDefgDudJlY</latexit>



Conventional States 

 For                    , potentials between valence quarks justified⇤QCD ⌧ mq

<latexit sha1_base64="vuWvIP2jLngY2CLuU7sagGrM2x0=">AAACBXicbVC7SgNBFJ2Nrxhfq4KNEQaDYBV2RdB0gVhYWCRgHpAN6+xkEofMPpy5K4YljY2fYWtjERFb/8HOv3HyKDTxwMDhnHO5c48XCa7Asr6N1MLi0vJKejWztr6xuWVu79RUGEvKqjQUoWx4RDHBA1YFDoI1IsmI7wlW93qlkV+/Z1LxMLiGfsRaPukGvMMpAS25Zta50uE2cRMH2AMkldLFYIAdIbDv3rlmzspbY+B5Yk9JrniQvUk97w3LrvnltEMa+ywAKohSTduKoJUQCZwKNsg4sWIRoT3SZU1NA+Iz1UrGVwzwkVbauBNK/QLAY/X3REJ8pfq+p5M+gVs1643E/7xmDJ3zVsKDKAYW0MmiTiwwhHhUCW5zySiIviaESq7/iuktkYSCLi6jS7BnT54ntZO8fZovVHQbBTRBGu2jQ3SMbHSGiugSlVEVUfSIXtAQvRlPxqvxbnxMoiljOrOL/sD4/AE0rpqZ</latexit>
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r
+ �r + C + · · ·

<latexit sha1_base64="en/SoQjiM6Vid7AVQF9fr5OEHoc="></latexit>

 Pheno: (1978) Phys. Rev. D 17 3090

Lattice: arxiv:0001312
             arxiv:0903.3598

           : “Conventional States” = “States we understand well enough”Defn
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Conventional States 

 For                    , potentials between valence quarks justified⇤QCD ⌧ mq
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 Pheno: (1978) Phys. Rev. D 17 3090

Lattice: arxiv-0001312
             arxiv:0903.3598

    

           : “Conventional States” = “States we understand well enough”Defn
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           : “Conventional States” = “States we understand well enough”Defn
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00. Monat 2017 Seite 5

-Onia (conventional and exotics)

02- September 2019

States described by potential models, NRQCD,…, before B-factories era 

NB: Prior to 2003

E. Prencipe, 2019

           : “Conventional States” = “States we understand well enough”Defn

<latexit sha1_base64="DBZVCuUoVLHXY36fFY392G2CK+8=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAiuSlIE7a6gC5cV7APaWCaTm3boZBJmJkII9VfcuKiIW7/AlUt3foZ/4KTtQlsPXDicc+/MvceLGZXKtr+MldW19Y3NwlZxe2d3b988OGzJKBEEmiRikeh4WAKjHJqKKgadWAAOPQZtb3SZ++17EJJG/FalMbghHnAaUIKVlvpm6QqCu6yXcB9E/kbGx+O+WbYr9hTWMnHmpFwvfb9XP9qTRt/87PkRSULgijAsZdexY+VmWChKGIyLvURCjMkID6CrKcchSDebLj+2TrTiW0EkdHFlTdXfExkOpUxDT3eGWA3lopeL/3ndRAUXbkZ5nCjgZPZRkDBLRVaehOVTAUSxVBNMBNW7WmSIBSZK51XUITiLJy+TVrXinFVqNzqNGpqhgI7QMTpFDjpHdXSNGqiJCErRI5qgZ+PBeDJejNdZ64oxnymhPzDefgDudJlY</latexit>



Conventional States 
⇣ T

+
V
(r
)⌘  

(r
)
=

E
 
(r
)

<latexit sha1_base64="CgIV3QA77E0aLFJmnApOqccwv6c=">AAACEXicbVDLSgMxFM3UqrU+OurSTbAII0KZEUG7EIoiuKzQF7RDzaSZNjSTGZKMUIZ+gBs3/oobF4q4defOvzHTVtDWAwnnnnMvyT1exKhUtv1lZJayyyurubX8+sbmVsHc3mnIMBaY1HHIQtHykCSMclJXVDHSigRBgcdI0xtepn7zjghJQ15To4i4Aepz6lOMlJa6ptW5oH0L1uARbFjiEKalviNJ0+ocXv3wrlm0S/YEcJE4M1Ks2LeF4r3IVrvmZ6cX4jggXGGGpGw7dqTcBAlFMSPjfCeWJEJ4iPqkrSlHAZFuMtloDA+00oN+KPThCk7U3xMJCqQcBZ7uDJAayHkvFf/z2rHyz9yE8ihWhOPpQ37MoAphGg/sUUGwYiNNEBZU/xXiARIIKx1iXofgzK+8SBrHJeekVL7RaZTBFDmwB/aBBRxwCirgGlRBHWDwAJ7AC3g1Ho1n4814n7ZmjNnMLvgD4+MbrnGbWA==</latexit>

V
(r
)
=

�
 r
+

�
r
+

C
+
··
·

<latexit sha1_base64="en/SoQjiM6Vid7AVQF9fr5OEHoc="></latexit>

00. Monat 2017 Seite 5

-Onia (conventional and exotics)

02- September 2019

States described by potential models, NRQCD,…, before B-factories era 

NB: Prior to 2003

E. Prencipe, 2019

           : “Conventional States” = Mesons (valence     ) and Baryons (valence           
                                                               ) in line with quark potential model expectations
Defn
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<latexit sha1_base64="56dKEwNT90P0CfI8gDWEI1tozLY=">AAAB9HicbVDLSgMxFL3js9ZXtUs3wSK4KjNF0O4KblxWsA9oh5JJM21oJpkmmUIZ+h1uXCgiuPIrXLl052f4B6aPhbYeCBzOuYd7c4KYM21c98tZW9/Y3NrO7GR39/YPDnNHx3UtE0VojUguVTPAmnImaM0ww2kzVhRHAaeNYHA99RsjqjST4s6MY+pHuCdYyAg2VvLb0prTbDqcDDu5glt0Z0CrxFuQQiX//V76aLxWO7nPdleSJKLCEI61bnlubPwUK8MIp5NsO9E0xmSAe7RlqcAR1X46O3qCzqzSRaFU9gmDZurvRIojrcdRYCcjbPp62ZuK/3mtxIRXfspEnBgqyHxRmHBkJJo2gLpMUWL42BJMFLO3ItLHChNje8raErzlL6+SeqnoXRTLt7aNMsyRgRM4hXPw4BIqcANVqAGBIdzDIzw5I+fBeXZe5qNrziKThz9w3n4A7vqWmA==</latexit>

qqq

<latexit sha1_base64="2aL/UHp+sbzVbE/1se62vWmCrjU=">AAAB6nicbVC7SgNBFL3jM8ZXNKXNYBCswm4QNF3AxjKieUCyhNnJbDJkdnYzMyuEJZ9gY6GIrYUfYmVp52f4B04ehSYeuHA4517uvcePBdfGcb7Qyura+sZmZiu7vbO7t587OKzrKFGU1WgkItX0iWaCS1Yz3AjWjBUjoS9Ywx9cTvzGHVOaR/LWjGLmhaQnecApMVa6GQ6HnVzBKTpT4GXizkmhkv9+L3003qqd3Ge7G9EkZNJQQbRuuU5svJQow6lg42w70SwmdEB6rGWpJCHTXjo9dYxPrNLFQaRsSYOn6u+JlIRaj0LfdobE9PWiNxH/81qJCS68lMs4MUzS2aIgEdhEePI37nLFqBEjSwhV3N6KaZ8oQo1NJ2tDcBdfXib1UtE9K5avbRplmCEDR3AMp+DCOVTgCqpQAwo9uIdHeEICPaBn9DJrXUHzmTz8AXr9AeINke0=</latexit>



Classification

 Need a classification system like “Periodic Table of Exotics”  



Classification

 Need a classification system like “Periodic Table of Exotics”  

0

1

0 1

Bound States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>



Classification

 Need a classification system like “Periodic Table of Exotics”  

0

1

0 1

Bound States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>

0

1

0 1

Virtual States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>



Classification

 Need a classification system like “Periodic Table of Exotics”  

0

1

0 1

Bound States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>

0

1

0 1

Virtual States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>

Quarkonium



Classification

 Need a classification system like “Periodic Table of Exotics”  

0

1

0 1

Bound States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>

0

1

0 1

Virtual States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>

Quarkonium

Zb(10610)

<latexit sha1_base64="SDX+lIy0cGUivWgc1nZN7j0ch0c=">AAAB8XicbVBNSwMxEJ31s9avqifxEixCvZSNiNpbwYvHCvaDtkvJptk2NJtdkqxQloI/wosHRbz6b7z5b8y2PWjrg4HHezPMzPNjwbVx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0lCjK6jQSkWr5RDPBJasbbgRrxYqR0Bes6Y9uM7/5yJTmkXww45h5IRlIHnBKjJXa7Z5fwu4Vds97haJbdqdAywTPSbF6/AQZar3CV7cf0SRk0lBBtO5gNzZeSpThVLBJvptoFhM6IgPWsVSSkGkvnV48QWdW6aMgUrakQVP190RKQq3HoW87Q2KGetHLxP+8TmKCGy/lMk4Mk3S2KEgEMhHK3kd9rhg1YmwJoYrbWxEdEkWosSHlbQh48eVl0rgo48ty5d6mUYEZcnACp1ACDNdQhTuoQR0oSHiGV3hztPPivDsfs9YVZz5zBH/gfP4ATwaQGg==</latexit>



Classification

 Need a classification system like “Periodic Table of Exotics”  

0

1

0 1

Bound States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>

0

1

0 1

Virtual States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>

Quarkonium

Zb(10610)

<latexit sha1_base64="SDX+lIy0cGUivWgc1nZN7j0ch0c=">AAAB8XicbVBNSwMxEJ31s9avqifxEixCvZSNiNpbwYvHCvaDtkvJptk2NJtdkqxQloI/wosHRbz6b7z5b8y2PWjrg4HHezPMzPNjwbVx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0lCjK6jQSkWr5RDPBJasbbgRrxYqR0Bes6Y9uM7/5yJTmkXww45h5IRlIHnBKjJXa7Z5fwu4Vds97haJbdqdAywTPSbF6/AQZar3CV7cf0SRk0lBBtO5gNzZeSpThVLBJvptoFhM6IgPWsVSSkGkvnV48QWdW6aMgUrakQVP190RKQq3HoW87Q2KGetHLxP+8TmKCGy/lMk4Mk3S2KEgEMhHK3kd9rhg1YmwJoYrbWxEdEkWosSHlbQh48eVl0rgo48ty5d6mUYEZcnACp1ACDNdQhTuoQR0oSHiGV3hztPPivDsfs9YVZz5zBH/gfP4ATwaQGg==</latexit>

X(3872)

<latexit sha1_base64="I7iMqNUkg/wtOEEVCVmWPRA05TQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IR6qUkVWh7K3jxWMF+QBvKZrtpl242YXcjlFDwL3jxoIhXf483/42btAdtfTDweG+GmXlexJnStv1t5TY2t7Z38ruFvf2Dw6Pi8UlHhbEktE1CHsqehxXlTNC2ZprTXiQpDjxOu970NvW7j1QqFooHPYuoG+CxYD4jWBup2ytf12vVq2GxZFfsDGidOEtSap49QYrWsPg1GIUkDqjQhGOl+o4daTfBUjPC6bwwiBWNMJniMe0bKnBAlZtk587RpVFGyA+lKaFRpv6eSHCg1CzwTGeA9USteqn4n9ePtV93EyaiWFNBFov8mCMdovR3NGKSEs1nhmAimbkVkQmWmGiTUMGE4Ky+vE461YpzU2ncmzQasEAezuECyuBADZpwBy1oA4EpPMMrvFmR9WK9Wx+L1py1nDmFP7A+fwB6OY8V</latexit>

X(3872)

<latexit sha1_base64="I7iMqNUkg/wtOEEVCVmWPRA05TQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IR6qUkVWh7K3jxWMF+QBvKZrtpl242YXcjlFDwL3jxoIhXf483/42btAdtfTDweG+GmXlexJnStv1t5TY2t7Z38ruFvf2Dw6Pi8UlHhbEktE1CHsqehxXlTNC2ZprTXiQpDjxOu970NvW7j1QqFooHPYuoG+CxYD4jWBup2ytf12vVq2GxZFfsDGidOEtSap49QYrWsPg1GIUkDqjQhGOl+o4daTfBUjPC6bwwiBWNMJniMe0bKnBAlZtk587RpVFGyA+lKaFRpv6eSHCg1CzwTGeA9USteqn4n9ePtV93EyaiWFNBFov8mCMdovR3NGKSEs1nhmAimbkVkQmWmGiTUMGE4Ky+vE461YpzU2ncmzQasEAezuECyuBADZpwBy1oA4EpPMMrvFmR9WK9Wx+L1py1nDmFP7A+fwB6OY8V</latexit>



Classification

 Need a classification system like “Periodic Table of Exotics”  

0

1

0 1

Bound States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>

0

1

0 1

Virtual States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>

Zb(10610)

<latexit sha1_base64="SDX+lIy0cGUivWgc1nZN7j0ch0c=">AAAB8XicbVBNSwMxEJ31s9avqifxEixCvZSNiNpbwYvHCvaDtkvJptk2NJtdkqxQloI/wosHRbz6b7z5b8y2PWjrg4HHezPMzPNjwbVx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0lCjK6jQSkWr5RDPBJasbbgRrxYqR0Bes6Y9uM7/5yJTmkXww45h5IRlIHnBKjJXa7Z5fwu4Vds97haJbdqdAywTPSbF6/AQZar3CV7cf0SRk0lBBtO5gNzZeSpThVLBJvptoFhM6IgPWsVSSkGkvnV48QWdW6aMgUrakQVP190RKQq3HoW87Q2KGetHLxP+8TmKCGy/lMk4Mk3S2KEgEMhHK3kd9rhg1YmwJoYrbWxEdEkWosSHlbQh48eVl0rgo48ty5d6mUYEZcnACp1ACDNdQhTuoQR0oSHiGV3hztPPivDsfs9YVZz5zBH/gfP4ATwaQGg==</latexit>

Quarkonium

X(3872)

<latexit sha1_base64="I7iMqNUkg/wtOEEVCVmWPRA05TQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IR6qUkVWh7K3jxWMF+QBvKZrtpl242YXcjlFDwL3jxoIhXf483/42btAdtfTDweG+GmXlexJnStv1t5TY2t7Z38ruFvf2Dw6Pi8UlHhbEktE1CHsqehxXlTNC2ZprTXiQpDjxOu970NvW7j1QqFooHPYuoG+CxYD4jWBup2ytf12vVq2GxZFfsDGidOEtSap49QYrWsPg1GIUkDqjQhGOl+o4daTfBUjPC6bwwiBWNMJniMe0bKnBAlZtk587RpVFGyA+lKaFRpv6eSHCg1CzwTGeA9USteqn4n9ePtV93EyaiWFNBFov8mCMdovR3NGKSEs1nhmAimbkVkQmWmGiTUMGE4Ky+vE461YpzU2ncmzQasEAezuECyuBADZpwBy1oA4EpPMMrvFmR9WK9Wx+L1py1nDmFP7A+fwB6OY8V</latexit>

X(3872)

<latexit sha1_base64="I7iMqNUkg/wtOEEVCVmWPRA05TQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IR6qUkVWh7K3jxWMF+QBvKZrtpl242YXcjlFDwL3jxoIhXf483/42btAdtfTDweG+GmXlexJnStv1t5TY2t7Z38ruFvf2Dw6Pi8UlHhbEktE1CHsqehxXlTNC2ZprTXiQpDjxOu970NvW7j1QqFooHPYuoG+CxYD4jWBup2ytf12vVq2GxZFfsDGidOEtSap49QYrWsPg1GIUkDqjQhGOl+o4daTfBUjPC6bwwiBWNMJniMe0bKnBAlZtk587RpVFGyA+lKaFRpv6eSHCg1CzwTGeA9USteqn4n9ePtV93EyaiWFNBFov8mCMdovR3NGKSEs1nhmAimbkVkQmWmGiTUMGE4Ky+vE461YpzU2ncmzQasEAezuECyuBADZpwBy1oA4EpPMMrvFmR9WK9Wx+L1py1nDmFP7A+fwB6OY8V</latexit>

 ??



Classification

 Need a classification system like “Periodic Table of Exotics”  
 Need no mixing, deeply bound, and experimentally testable.

    => Clean and simple system to understand, which can be used to understand    
          more complicated XYZ 

0

1

0 1

Bound States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>

0

1

0 1

Virtual States

Fraction of Q̄Q

<latexit sha1_base64="aSOxDq8KRuZAvmZZrmi7APao2NQ=">AAAB8XicbVDLSgMxFL2pr1pf1S7dBIvgqswUQbsruHHZgn1gO5RMmmlDM5khyQhl6F+4caGIK8HfcOXSnZ/hH5g+Ftp6SOBwzr3ce48fC66N43yhzNr6xuZWdju3s7u3f5A/PGrqKFGUNWgkItX2iWaCS9Yw3AjWjhUjoS9Yyx9dTf3WHVOaR/LGjGPmhWQgecApMVa67fpEpfWJfb180Sk5M+BV4i5IsVr4fi9/tF5rvfxntx/RJGTSUEG07rhObLyUKMOpYJNcN9EsJnREBqxjqSQh014623iCT63Sx0Gk7JcGz9TfHSkJtR6Hvq0MiRnqZW8q/ud1EhNceimXcWKYpPNBQSKwifD0fNznilEjxpYQqrjdFdMhUYQaG1LOhuAun7xKmuWSe16q1G0aFZgjC8dwAmfgwgVU4Rpq0AAKEu7hEZ6QRg/oGb3MSzNo0VOAP0BvPzjelQM=</latexit>

Fraction of 
Q̄Qq̄iqj

<latexit sha1_base64="W/vlCnGJodiPlN6Vqw7yhMpdq+k=">AAAB/3icbZBNS8MwGMfT+TbnW1XYRYXgEDyNVgTdbeDF4wbuBbZS0yzdomnaJakwag9+EsGLB0X06Nfw5rcx63bQzYcEfvz/z0Oe/L2IUaks69vILSwuLa/kVwtr6xubW+b2TlOGscCkgUMWiraHJGGUk4aiipF2JAgKPEZa3u3F2G/dESFpyK/UKCJOgPqc+hQjpSXXLHY9JJJ6qk9GQ5emQ/fGNUtW2coKzoM9hVL1YP8691j8qLnmV7cX4jggXGGGpOzYVqScBAlFMSNpoRtLEiF8i/qko5GjgEgnyfZP4ZFWetAPhb5cwUz9PZGgQMpR4OnOAKmBnPXG4n9eJ1b+uZNQHsWKcDx5yI8ZVCEchwF7VBCs2EgDwoLqXSEeIIGw0pEVdAj27JfnoXlStk/LlbpOowImlQd74BAcAxucgSq4BDXQABjcgyfwAl6NB+PZeDPeJ605YzqzC/6U8fkD6mKY5g==</latexit>

Zb(10610)

<latexit sha1_base64="SDX+lIy0cGUivWgc1nZN7j0ch0c=">AAAB8XicbVBNSwMxEJ31s9avqifxEixCvZSNiNpbwYvHCvaDtkvJptk2NJtdkqxQloI/wosHRbz6b7z5b8y2PWjrg4HHezPMzPNjwbVx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0lCjK6jQSkWr5RDPBJasbbgRrxYqR0Bes6Y9uM7/5yJTmkXww45h5IRlIHnBKjJXa7Z5fwu4Vds97haJbdqdAywTPSbF6/AQZar3CV7cf0SRk0lBBtO5gNzZeSpThVLBJvptoFhM6IgPWsVSSkGkvnV48QWdW6aMgUrakQVP190RKQq3HoW87Q2KGetHLxP+8TmKCGy/lMk4Mk3S2KEgEMhHK3kd9rhg1YmwJoYrbWxEdEkWosSHlbQh48eVl0rgo48ty5d6mUYEZcnACp1ACDNdQhTuoQR0oSHiGV3hztPPivDsfs9YVZz5zBH/gfP4ATwaQGg==</latexit>

Quarkonium

X(3872)

<latexit sha1_base64="I7iMqNUkg/wtOEEVCVmWPRA05TQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IR6qUkVWh7K3jxWMF+QBvKZrtpl242YXcjlFDwL3jxoIhXf483/42btAdtfTDweG+GmXlexJnStv1t5TY2t7Z38ruFvf2Dw6Pi8UlHhbEktE1CHsqehxXlTNC2ZprTXiQpDjxOu970NvW7j1QqFooHPYuoG+CxYD4jWBup2ytf12vVq2GxZFfsDGidOEtSap49QYrWsPg1GIUkDqjQhGOl+o4daTfBUjPC6bwwiBWNMJniMe0bKnBAlZtk587RpVFGyA+lKaFRpv6eSHCg1CzwTGeA9USteqn4n9ePtV93EyaiWFNBFov8mCMdovR3NGKSEs1nhmAimbkVkQmWmGiTUMGE4Ky+vE461YpzU2ncmzQasEAezuECyuBADZpwBy1oA4EpPMMrvFmR9WK9Wx+L1py1nDmFP7A+fwB6OY8V</latexit>

X(3872)

<latexit sha1_base64="I7iMqNUkg/wtOEEVCVmWPRA05TQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qp7Ey2IR6qUkVWh7K3jxWMF+QBvKZrtpl242YXcjlFDwL3jxoIhXf483/42btAdtfTDweG+GmXlexJnStv1t5TY2t7Z38ruFvf2Dw6Pi8UlHhbEktE1CHsqehxXlTNC2ZprTXiQpDjxOu970NvW7j1QqFooHPYuoG+CxYD4jWBup2ytf12vVq2GxZFfsDGidOEtSap49QYrWsPg1GIUkDqjQhGOl+o4daTfBUjPC6bwwiBWNMJniMe0bKnBAlZtk587RpVFGyA+lKaFRpv6eSHCg1CzwTGeA9USteqn4n9ePtV93EyaiWFNBFov8mCMdovR3NGKSEs1nhmAimbkVkQmWmGiTUMGE4Ky+vE461YpzU2ncmzQasEAezuECyuBADZpwBy1oA4EpPMMrvFmR9WK9Wx+L1py1nDmFP7A+fwB6OY8V</latexit>

 ??



Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.
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general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
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Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that

4

Y (4230)

<latexit sha1_base64="bWlcjqQUwusgsXgZatib+QtRqA0=">AAAB/XicbVDLSsNAFL3xWesrPjbiJliEuilJLWh3BTcuK9iHtKFMJpN26OTBzESoIeinuHGhiFv/w51/4yTtQlsPXDicc+/cuceJGBXSNL+1peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kCCMBqQlqWSkG3GCfIeRjjO+yvzOPeGChsGtnETE9tEwoB7FSCppoB/28zcSTtw0uSvXqufmWTrQS2bFzGEsEmtGSo2jJ8jQHOhffTfEsU8CiRkSomeZkbQTxCXFjKTFfixIhPAYDUlP0QD5RNhJvjk1TpXiGl7IVQXSyNXfEwnyhZj4jur0kRyJeS8T//N6sfQu7YQGUSxJgKeLvJgZMjSyKAyXcoIlmyiCMKfqrwYeIY6wVIEVVQjW/MmLpF2tWLVK/UalUYcpCnAMJ1AGCy6gAdfQhBZgeIBneIU37VF70d61j2nrkjabOYA/0D5/AJqElWQ=</latexit>

 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

 Scenario 3:                               (arxiv:1902.09268)

•                 is not a new state at all!  
•                 is  strongly coupled to 
•            threshold (+30 MeV above)

Y (4230) =  (4160)

<latexit sha1_base64="8hz0FtsjX8G10wqmx1Ib1Iv4U/A=">AAAB+3icbVBNS0JBFJ1nX2ZfL4M2bYYk0I28Z2K2CIQ2LQ3yI/Qh88ZRB+fNG2bmRfLwf7Ry06KItv2RdlE/plFblHbgwuGce7n3Hl8wqrTjfFiJldW19Y3kZmpre2d3z95P11UYSUxqOGShbPpIEUY5qWmqGWkKSVDgM9Lwh5dTv3FHpKIhv9EjQbwA9TntUYy0kTp2+jZbLJw6uYu2UDRbdEtOrmNnnLwzA1wm7g/JVA7F5OHrs1zt2O/tboijgHCNGVKq5TpCezGSmmJGxql2pIhAeIj6pGUoRwFRXjy7fQxPjNKFvVCa4hrO1N8TMQqUGgW+6QyQHqhFbyr+57Ui3St7MeUi0oTj+aJexKAO4TQI2KWSYM1GhiAsqbkV4gGSCGsTV8qE4C6+vEzqhbxbzJ9fmzRKYI4kOALHIAtccAYq4ApUQQ1gcA8m4Ak8W2Pr0XqxXuetCetn5gD8gfX2DUXtlbo=</latexit>

Y (4230)

<latexit sha1_base64="b83PQR1swiphaHbRHAvj7oprVc4=">AAAB7nicbVDLSgNBEOyNrxhfUcGLl8EgxEvYjUHjLeDFYwTzkGQJs5PZZMjs7jAzK4QlH+FFRFGvfo830Y9x8jhoYkFDUdVNd5cnOFPatj+t1NLyyupaej2zsbm1vZPd3aurKJaE1kjEI9n0sKKchbSmmea0KSTFgcdpwxtcjv3GHZWKReGNHgrqBrgXMp8RrI3UuM2Xiqf2SSebswv2BGiRODOSqxyI18fvr3K1k/1odyMSBzTUhGOlWo4ttJtgqRnhdJRpx4oKTAa4R1uGhjigyk0m547QsVG6yI+kqVCjifp7IsGBUsPAM50B1n01743F/7xWrP2ym7BQxJqGZLrIjznSERr/jrpMUqL50BBMJDO3ItLHEhNtEsqYEJz5lxdJvVhwSoWLa5PGGUyRhkM4gjw4cA4VuIIq1IDAAO7hCZ4tYT1YL9bbtDVlzWb24Q+s9x+Hv5Ia</latexit>

 (4160)

<latexit sha1_base64="0FG8mslOAxTH0y3btujXWjR5hiQ=">AAAB8XicbVDLSgNBEOz1GeMrKnjxMhiEeAm7EmK8Bbx4jGAemIQwO5lNhszODjOzQljyFx70YBCv/o030Y9x8jhoYkFDUdVNd5cvOdPGdT+dldW19Y3N1FZ6e2d3bz9zcFjTUawIrZKIR6rhY005E7RqmOG0IRXFoc9p3R9cT/z6A1WaReLODCVth7gnWMAINla6b0nNcgWv6J53Mlk3706Blok3J9nysRw/fX+VKp3MR6sbkTikwhCOtW56rjTtBCvDCKejdCvWVGIywD3atFTgkOp2Mr14hM6s0kVBpGwJg6bq74kEh1oPQ992htj09aI3Ef/zmrEJSu2ECRkbKshsURBzZCI0eR91maLE8KElmChmb0WkjxUmxoaUtiF4iy8vk9pF3ivkr25tGkWYIQUncAo58OASynADFagCAQGP8AJjRzvPzqvzNmtdceYzR/AHzvsP/7uTiQ==</latexit>

D⇤
sD̄

⇤
s

<latexit sha1_base64="L7APXk7LxXurLdlGSVHk1FAtMEU=">AAAB+XicbZC7SgNBFIbPxluMt1XBRpDBIIhF2BXx0gVMYRnFXCBZl9nJbDJk9sLMbCAsKX0LGwtFbG18DjufwZdwNkmh0R8GPv5zDufM78WcSWVZn0Zubn5hcSm/XFhZXVvfMDe36jJKBKE1EvFIND0sKWchrSmmOG3GguLA47Th9S+zemNAhWRReKuGMXUC3A2ZzwhW2nJNs+LKu6O2h0VaGWXomkWrZI2F/oI9hWJ5x/6633u/qbrmR7sTkSSgoSIcS9myrVg5KRaKEU5HhXYiaYxJH3dpS2OIAyqddHz5CB1op4P8SOgXKjR2f06kOJByGHi6M8CqJ2drmflfrZUo/9xJWRgnioZksshPOFIRymJAHSYoUXyoARPB9K2I9LDAROmwCjoEe/bLf6F+XLJPShfXOo1TmCgPu7APh2DDGZThCqpQAwIDeIAneDZS49F4MV4nrTljOrMNv2S8fQPtfZYr</latexit>

⇡

<latexit sha1_base64="c711eGLjlfxrU84ZFu8o+8CNFx4=">AAAB6nicbZDLSsNAFIZP6q3WW9Slm8Ei1E1JRLysLLhxWdFeoAllMp20QyeTMDMRSugjiOBCEbc+hisfwZ0P4t7pZaGtPwx8/P85zDknSDhT2nG+rNzC4tLySn61sLa+sbllb+/UVZxKQmsk5rFsBlhRzgStaaY5bSaS4ijgtBH0L0d5445KxWJxqwcJ9SPcFSxkBGtj3XgJa9tFp+yMhebBnULx4r30/fHgHVbb9qfXiUkaUaEJx0q1XCfRfoalZoTTYcFLFU0w6eMubRkUOKLKz8ajDtGBcToojKV5QqOx+7sjw5FSgygwlRHWPTWbjcz/slaqwzM/YyJJNRVk8lGYcqRjNNobdZikRPOBAUwkM7Mi0sMSE22uUzBHcGdXnof6Udk9Lp9fO8XKCUyUhz3YhxK4cAoVuIIq1IBAF+7hCZ4tbj1aL9brpDRnTXt24Y+stx+Zj5G3</latexit>

⇡

<latexit sha1_base64="c711eGLjlfxrU84ZFu8o+8CNFx4=">AAAB6nicbZDLSsNAFIZP6q3WW9Slm8Ei1E1JRLysLLhxWdFeoAllMp20QyeTMDMRSugjiOBCEbc+hisfwZ0P4t7pZaGtPwx8/P85zDknSDhT2nG+rNzC4tLySn61sLa+sbllb+/UVZxKQmsk5rFsBlhRzgStaaY5bSaS4ijgtBH0L0d5445KxWJxqwcJ9SPcFSxkBGtj3XgJa9tFp+yMhebBnULx4r30/fHgHVbb9qfXiUkaUaEJx0q1XCfRfoalZoTTYcFLFU0w6eMubRkUOKLKz8ajDtGBcToojKV5QqOx+7sjw5FSgygwlRHWPTWbjcz/slaqwzM/YyJJNRVk8lGYcqRjNNobdZikRPOBAUwkM7Mi0sMSE22uUzBHcGdXnof6Udk9Lp9fO8XKCUyUhz3YhxK4cAoVuIIq1IBAF+7hCZ4tbj1aL9brpDRnTXt24Y+stx+Zj5G3</latexit>

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

https://arxiv.org/abs/1902.09268


Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.

in Fig. 1, this applies to the isovector states displayed in the two rightmost columns. In the other cases, there is no
general rule when a state should carry the label exotic and when it is an ordinary c̄c state. However, there is consensus
that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
vector states  (3770),  (4040) and  (4160) and of the tensor state  2(3823) appear to agree with those of ordinary
quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that
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Figure 1: The spectrum of states in the c̄c sector as of July 2019. Thin solid lines represent the states established experimentally and dashed lines
are for those that are claimed but not (yet) established (following the approach used by PDG, we regard a state as established if it is seen in di↵erent
modes). States whose quantum numbers are undetermined are not shown. States in the plot are labeled according to the PDG primary naming
scheme — see Sec. 1.2 for further details and for the correspondence with the XYZ naming scheme. Dashed lines show some relevant thresholds
that open in the considered mass range; here D1 stands for D1(2420) and D⇤2 for D⇤2(2460). Thresholds with hidden strangeness or involving broad
states are not shown. The states shown in the two columns to the right are isovectors containing a c̄c pair; they are necessarily exotic.
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that all states below the lowest open-flavour threshold (D̄D) are ordinary states. Moreover, also the properties of the
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quarkonia. All the other states may or may not be exotic and will be discussed in this report. As of today, in the
charmonium sector the number of experimentally established exotic candidates is similar to the number of ordinary
states. In the bottomonium sector, on the other hand, only two exotics are established and they are both charged. The
states in the b̄b spectrum are shown in Fig. 2.

Some of the exotic candidates reside rather close to open-flavour thresholds, however, the impact these thresholds
have on the states is not clear yet. A possibility is that they induce kinematic enhancements, so that not all of
the observed signals may correspond to new states in the QCD spectrum. Nevertheless, as we will argue in this
review, most of them certainly do correspond to new states. From a comparison of Figs. 1 and 2 one can see that

4

Y (4230)

<latexit sha1_base64="bWlcjqQUwusgsXgZatib+QtRqA0=">AAAB/XicbVDLSsNAFL3xWesrPjbiJliEuilJLWh3BTcuK9iHtKFMJpN26OTBzESoIeinuHGhiFv/w51/4yTtQlsPXDicc+/cuceJGBXSNL+1peWV1bX1wkZxc2t7Z1ff22+LMOaYtHDIQt51kCCMBqQlqWSkG3GCfIeRjjO+yvzOPeGChsGtnETE9tEwoB7FSCppoB/28zcSTtw0uSvXqufmWTrQS2bFzGEsEmtGSo2jJ8jQHOhffTfEsU8CiRkSomeZkbQTxCXFjKTFfixIhPAYDUlP0QD5RNhJvjk1TpXiGl7IVQXSyNXfEwnyhZj4jur0kRyJeS8T//N6sfQu7YQGUSxJgKeLvJgZMjSyKAyXcoIlmyiCMKfqrwYeIY6wVIEVVQjW/MmLpF2tWLVK/UalUYcpCnAMJ1AGCy6gAdfQhBZgeIBneIU37VF70d61j2nrkjabOYA/0D5/AJqElWQ=</latexit>

 (4230) aka Y (4230) aka Y (4260)

<latexit sha1_base64="xbKOwVllrDjUiqvaZbwtCWaXAQc=">AAACD3icbVC7SgNBFJ31GeNr1cLCZjAoSRN2YzDaBWwsI5iHZJcwO5lNhszOLjOzQliSLxDEX7GxUETsbO38EWsnj0ITD1w4c869zL3HixiVyrK+jIXFpeWV1dRaen1jc2vb3NmtyTAWmFRxyELR8JAkjHJSVVQx0ogEQYHHSN3rXYz8+i0Rkob8WvUj4gaow6lPMVJaapnHTiRptlg4sXJwiHoIDm/mXqdWrmVmrLw1Bpwn9pRkyvvx+72T/a60zE+nHeI4IFxhhqRs2lak3AQJRTEjg7QTSxIh3EMd0tSUo4BINxnfM4BHWmlDPxS6uIJj9fdEggIp+4GnOwOkunLWG4n/ec1Y+WduQnkUK8Lx5CM/ZlCFcBQObFNBsGJ9TRAWVO8KcRcJhJWOMK1DsGdPnie1Qt4u5s+vdBolMEEKHIBDkAU2KIEyuAQVUAUY3IFH8AxejAfjyXg13iatC8Z0Zg/8gfHxA4kxnDg=</latexit>

 Quantum Numbers
JPC = 1��

<latexit sha1_base64="ibZviOaVLHHHVuPzoLH9b9c7ERI=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBS8KuCJqDGMhFPEUwD0g2YXYymwyZfTAzGwjL/okXD4p49Qf8Bm/+jZNNDppY0FBUddPd5UacSWVZ30ZubX1jcyu/XdjZ3ds/MA+PmjKMBaENEvJQtF0sKWcBbSimOG1HgmLf5bTljmszvzWhQrIweFTTiDo+HgbMYwQrLfVN876X1GspukF2LymVUtQ3i1bZyoBWib0gxdtPyFDvm1/dQUhinwaKcCxlx7Yi5SRYKEY4TQvdWNIIkzEe0o6mAfapdJLs8hSdaWWAvFDoChTK1N8TCfalnPqu7vSxGsllbyb+53Vi5V07CQuiWNGAzBd5MUcqRLMY0IAJShSfaoKJYPpWREZYYKJ0WAUdgr388ippXpTty3LlwSpWK/M0IA8ncArnYMMVVOEO6tAAAhN4ghd4NRLj2Xgz3uetOWMxcwx/YHz8AG59kvo=</latexit>

Q = 0

<latexit sha1_base64="vnytGTcgLIfRHjs6OnGPKvThgt0=">AAAB6nicbVC7SgNBFL3rM8ZXNKXNYBCswm4QNIUQsLFM0DwgWcLsZDYZMjuzzMwKYckn2FgoYmvhh1hZ2vkZ/oGTR6GJBy4czrmXe+8JYs60cd0vZ2V1bX1jM7OV3d7Z3dvPHRw2tEwUoXUiuVStAGvKmaB1wwynrVhRHAWcNoPh1cRv3lGlmRS3ZhRTP8J9wUJGsLHSTe3S7eYKbtGdAi0Tb04Klfz3e+mj+Vbt5j47PUmSiApDONa67bmx8VOsDCOcjrOdRNMYkyHu07alAkdU++n01DE6sUoPhVLZEgZN1d8TKY60HkWB7YywGehFbyL+57UTE174KRNxYqggs0VhwpGRaPI36jFFieEjSzBRzN6KyAArTIxNJ2tD8BZfXiaNUtE7K5ZrNo0yzJCBIziGU/DgHCpwDVWoA4E+3MMjPDnceXCenZdZ64ozn8nDHzivP/+2kVg=</latexit>

IG = 0�

<latexit sha1_base64="q5WB0uh4fsD2x6v3IO2AP77qmzE=">AAAB7nicbVDLSsNAFL2pr1pfUZduBovgxpKIoF2IBRfqroJ9QJuWyXTSDp1MwsxEKKEf4caFIm79DL/BnX/jNO1CWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf36ipKJKE1EvFINn2sKGeC1jTTnDZjSXHoc9rwh9cTv/FIpWKReNCjmHoh7gsWMIK1kRp3nZtLp3PStYtOycmAFok7I8WrT8hQ7dpf7V5EkpAKTThWquU6sfZSLDUjnI4L7UTRGJMh7tOWoQKHVHlpdu4YHRmlh4JImhIaZerviRSHSo1C33SGWA/UvDcR//NaiQ4uvJSJONFUkOmiIOFIR2jyO+oxSYnmI0MwkczcisgAS0y0SahgQnDnX14k9dOSe1Yq3zvFSnmaBuThAA7hGFw4hwrcQhVqQGAIT/ACr1ZsPVtv1vu0NWfNZvbhD6yPH06ej6Q=</latexit>

 Scenario 3:                               (arxiv:1902.09268)

•                 is not a new state at all!  
•                 is  strongly coupled to 
•            threshold (+30 MeV above)
• Causing                structure in data, but only 

one pole from

Y (4230) =  (4160)

<latexit sha1_base64="8hz0FtsjX8G10wqmx1Ib1Iv4U/A=">AAAB+3icbVBNS0JBFJ1nX2ZfL4M2bYYk0I28Z2K2CIQ2LQ3yI/Qh88ZRB+fNG2bmRfLwf7Ry06KItv2RdlE/plFblHbgwuGce7n3Hl8wqrTjfFiJldW19Y3kZmpre2d3z95P11UYSUxqOGShbPpIEUY5qWmqGWkKSVDgM9Lwh5dTv3FHpKIhv9EjQbwA9TntUYy0kTp2+jZbLJw6uYu2UDRbdEtOrmNnnLwzA1wm7g/JVA7F5OHrs1zt2O/tboijgHCNGVKq5TpCezGSmmJGxql2pIhAeIj6pGUoRwFRXjy7fQxPjNKFvVCa4hrO1N8TMQqUGgW+6QyQHqhFbyr+57Ui3St7MeUi0oTj+aJexKAO4TQI2KWSYM1GhiAsqbkV4gGSCGsTV8qE4C6+vEzqhbxbzJ9fmzRKYI4kOALHIAtccAYq4ApUQQ1gcA8m4Ak8W2Pr0XqxXuetCetn5gD8gfX2DUXtlbo=</latexit>

Y (4230)

<latexit sha1_base64="b83PQR1swiphaHbRHAvj7oprVc4=">AAAB7nicbVDLSgNBEOyNrxhfUcGLl8EgxEvYjUHjLeDFYwTzkGQJs5PZZMjs7jAzK4QlH+FFRFGvfo830Y9x8jhoYkFDUdVNd5cnOFPatj+t1NLyyupaej2zsbm1vZPd3aurKJaE1kjEI9n0sKKchbSmmea0KSTFgcdpwxtcjv3GHZWKReGNHgrqBrgXMp8RrI3UuM2Xiqf2SSebswv2BGiRODOSqxyI18fvr3K1k/1odyMSBzTUhGOlWo4ttJtgqRnhdJRpx4oKTAa4R1uGhjigyk0m547QsVG6yI+kqVCjifp7IsGBUsPAM50B1n01743F/7xWrP2ym7BQxJqGZLrIjznSERr/jrpMUqL50BBMJDO3ItLHEhNtEsqYEJz5lxdJvVhwSoWLa5PGGUyRhkM4gjw4cA4VuIIq1IDAAO7hCZ4tYT1YL9bbtDVlzWb24Q+s9x+Hv5Ia</latexit>

 (4160)

<latexit sha1_base64="0FG8mslOAxTH0y3btujXWjR5hiQ=">AAAB8XicbVDLSgNBEOz1GeMrKnjxMhiEeAm7EmK8Bbx4jGAemIQwO5lNhszODjOzQljyFx70YBCv/o030Y9x8jhoYkFDUdVNd5cvOdPGdT+dldW19Y3N1FZ6e2d3bz9zcFjTUawIrZKIR6rhY005E7RqmOG0IRXFoc9p3R9cT/z6A1WaReLODCVth7gnWMAINla6b0nNcgWv6J53Mlk3706Blok3J9nysRw/fX+VKp3MR6sbkTikwhCOtW56rjTtBCvDCKejdCvWVGIywD3atFTgkOp2Mr14hM6s0kVBpGwJg6bq74kEh1oPQ992htj09aI3Ef/zmrEJSu2ECRkbKshsURBzZCI0eR91maLE8KElmChmb0WkjxUmxoaUtiF4iy8vk9pF3ivkr25tGkWYIQUncAo58OASynADFagCAQGP8AJjRzvPzqvzNmtdceYzR/AHzvsP/7uTiQ==</latexit>

D⇤
sD̄

⇤
s

<latexit sha1_base64="L7APXk7LxXurLdlGSVHk1FAtMEU=">AAAB+XicbZC7SgNBFIbPxluMt1XBRpDBIIhF2BXx0gVMYRnFXCBZl9nJbDJk9sLMbCAsKX0LGwtFbG18DjufwZdwNkmh0R8GPv5zDufM78WcSWVZn0Zubn5hcSm/XFhZXVvfMDe36jJKBKE1EvFIND0sKWchrSmmOG3GguLA47Th9S+zemNAhWRReKuGMXUC3A2ZzwhW2nJNs+LKu6O2h0VaGWXomkWrZI2F/oI9hWJ5x/6633u/qbrmR7sTkSSgoSIcS9myrVg5KRaKEU5HhXYiaYxJH3dpS2OIAyqddHz5CB1op4P8SOgXKjR2f06kOJByGHi6M8CqJ2drmflfrZUo/9xJWRgnioZksshPOFIRymJAHSYoUXyoARPB9K2I9LDAROmwCjoEe/bLf6F+XLJPShfXOo1TmCgPu7APh2DDGZThCqpQAwIDeIAneDZS49F4MV4nrTljOrMNv2S8fQPtfZYr</latexit>

Y (4230)

<latexit sha1_base64="b83PQR1swiphaHbRHAvj7oprVc4=">AAAB7nicbVDLSgNBEOyNrxhfUcGLl8EgxEvYjUHjLeDFYwTzkGQJs5PZZMjs7jAzK4QlH+FFRFGvfo830Y9x8jhoYkFDUdVNd5cnOFPatj+t1NLyyupaej2zsbm1vZPd3aurKJaE1kjEI9n0sKKchbSmmea0KSTFgcdpwxtcjv3GHZWKReGNHgrqBrgXMp8RrI3UuM2Xiqf2SSebswv2BGiRODOSqxyI18fvr3K1k/1odyMSBzTUhGOlWo4ttJtgqRnhdJRpx4oKTAa4R1uGhjigyk0m547QsVG6yI+kqVCjifp7IsGBUsPAM50B1n01743F/7xWrP2ym7BQxJqGZLrIjznSERr/jrpMUqL50BBMJDO3ItLHEhNtEsqYEJz5lxdJvVhwSoWLa5PGGUyRhkM4gjw4cA4VuIIq1IDAAO7hCZ4tYT1YL9bbtDVlzWb24Q+s9x+Hv5Ia</latexit>

 (4160)

<latexit sha1_base64="0FG8mslOAxTH0y3btujXWjR5hiQ=">AAAB8XicbVDLSgNBEOz1GeMrKnjxMhiEeAm7EmK8Bbx4jGAemIQwO5lNhszODjOzQljyFx70YBCv/o030Y9x8jhoYkFDUdVNd5cvOdPGdT+dldW19Y3N1FZ6e2d3bz9zcFjTUawIrZKIR6rhY005E7RqmOG0IRXFoc9p3R9cT/z6A1WaReLODCVth7gnWMAINla6b0nNcgWv6J53Mlk3706Blok3J9nysRw/fX+VKp3MR6sbkTikwhCOtW56rjTtBCvDCKejdCvWVGIywD3atFTgkOp2Mr14hM6s0kVBpGwJg6bq74kEh1oPQ992htj09aI3Ef/zmrEJSu2ECRkbKshsURBzZCI0eR91maLE8KElmChmb0WkjxUmxoaUtiF4iy8vk9pF3ivkr25tGkWYIQUncAo58OASynADFagCAQGP8AJjRzvPzqvzNmtdceYzR/AHzvsP/7uTiQ==</latexit>

⇡

<latexit sha1_base64="c711eGLjlfxrU84ZFu8o+8CNFx4=">AAAB6nicbZDLSsNAFIZP6q3WW9Slm8Ei1E1JRLysLLhxWdFeoAllMp20QyeTMDMRSugjiOBCEbc+hisfwZ0P4t7pZaGtPwx8/P85zDknSDhT2nG+rNzC4tLySn61sLa+sbllb+/UVZxKQmsk5rFsBlhRzgStaaY5bSaS4ijgtBH0L0d5445KxWJxqwcJ9SPcFSxkBGtj3XgJa9tFp+yMhebBnULx4r30/fHgHVbb9qfXiUkaUaEJx0q1XCfRfoalZoTTYcFLFU0w6eMubRkUOKLKz8ajDtGBcToojKV5QqOx+7sjw5FSgygwlRHWPTWbjcz/slaqwzM/YyJJNRVk8lGYcqRjNNobdZikRPOBAUwkM7Mi0sMSE22uUzBHcGdXnof6Udk9Lp9fO8XKCUyUhz3YhxK4cAoVuIIq1IBAF+7hCZ4tbj1aL9brpDRnTXt24Y+stx+Zj5G3</latexit>

⇡

<latexit sha1_base64="c711eGLjlfxrU84ZFu8o+8CNFx4=">AAAB6nicbZDLSsNAFIZP6q3WW9Slm8Ei1E1JRLysLLhxWdFeoAllMp20QyeTMDMRSugjiOBCEbc+hisfwZ0P4t7pZaGtPwx8/P85zDknSDhT2nG+rNzC4tLySn61sLa+sbllb+/UVZxKQmsk5rFsBlhRzgStaaY5bSaS4ijgtBH0L0d5445KxWJxqwcJ9SPcFSxkBGtj3XgJa9tFp+yMhebBnULx4r30/fHgHVbb9qfXiUkaUaEJx0q1XCfRfoalZoTTYcFLFU0w6eMubRkUOKLKz8ajDtGBcToojKV5QqOx+7sjw5FSgygwlRHWPTWbjcz/slaqwzM/YyJJNRVk8lGYcqRjNNobdZikRPOBAUwkM7Mi0sMSE22uUzBHcGdXnof6Udk9Lp9fO8XKCUyUhz3YhxK4cAoVuIIq1IBAF+7hCZ4tbj1aL9brpDRnTXt24Y+stx+Zj5G3</latexit>

MPDG = 4220± 15 MeV

<latexit sha1_base64="jrR4iEm3PvP03o+zVK8dYNZkykE=">AAACDHicbVC7SgNBFJ2Nrxg1xkcnwqAIVmE3KJpCCChoE4hgEiEJYXZykwzOPpi5K4YlH2Djr9hYKGIr2NrZ63fo5FH4OjBwOOdc7tzjhlJotO03KzExOTU9k5xNzc0vpBczS8sVHUSKQ5kHMlDnLtMghQ9lFCjhPFTAPFdC1b04HPjVS1BaBP4Z9kJoeKzji7bgDI3UzGwWm3Hp6LhPD+hOLmfTeuhRZ5fWEa4wpkWo9GnKpOysPQT9S5wx2SykPz9e1lffS83Ma70V8MgDH7lkWtccO8RGzBQKLqGfqkcaQsYvWAdqhvrMA92Ih8f06ZZRWrQdKPN8pEP1+0TMPK17nmuSHsOu/u0NxP+8WoTt/UYs/DBC8PloUTuSFAM6aIa2hAKOsmcI40qYv1LeZYpxNP0NSnB+n/yXVHJZZyebPzVt5MkISbJGNsg2ccgeKZATUiJlwsk1uSX35MG6se6sR+tpFE1Y45kV8gPW8xcmtpxG</latexit>

�PDG = 20� 100 MeV

<latexit sha1_base64="U8VNJXvtkMLWJQF3ji6POoRlwZI=">AAACDXicbVDJSgNBEO1xN25xuYnQuIAXw0wQ1IMgKOhFiGASIQmhp1MxTbpnhu4aMQzxA7z4K148KOJVvHrzrt+hneXg9qDg8V4VVfX8SAqDrvvmDAwODY+Mjo2nJianpmfSs3MFE8aaQ56HMtRnPjMgRQB5FCjhLNLAlC+h6Df3O37xArQRYXCKrQgqip0Hoi44QytV06vlQ6YUqya5g8M23aVZl25Qz3XpVRnhEmlyDIV2Nb3iZtwu6F/i9cnK3vTnx8vSwnuumn4t10IeKwiQS2ZMyXMjrCRMo+AS2qlybCBivMnOoWRpwBSYStL9pk3XrFKj9VDbCpB21e8TCVPGtJRvOxXDhvntdcT/vFKM9e1KIoIoRgh4b1E9lhRD2omG1oQGjrJlCeNa2FspbzDNONoAUzYE7/fLf0khm/E2MzsnNo0d0sMYWSTLZJ14ZIvskSOSI3nCyTW5Jffkwblx7pxH56nXOuD0Z+bJDzjPX+NnnU8=</latexit>

Notable Decays
• Seen
• Not Seen: Any Open-Charm Decays, e.g, 

B(⇡+D⇤�D0)

<latexit sha1_base64="6MFrjT+ur7xJhI0uqAnibIAbRgo=">AAACB3icbVDLSgNBEOyNrxhfq55EkMEgRMWwK4LmFjQHjxFMDOTF7GSSDJl9MDMrhGXBgxd/xYsHRbz6C978G2eTHDSxoKGo6qa7ywk4k8qyvo3U3PzC4lJ6ObOyura+YW5uVaUfCkIrxOe+qDlYUs48WlFMcVoLBMWuw+mdM7hK/Lt7KiTzvVs1DGjTxT2PdRnBSkttc6/hYtUnmEeXca4RsNZxqRUdncRRKW5Zh6htZq28NQKaJfaEZIs7D5Cg3Da/Gh2fhC71FOFYyrptBaoZYaEY4TTONEJJA0wGuEfrmnrYpbIZjf6I0YFWOqjrC12eQiP190SEXSmHrqM7k6vltJeI/3n1UHUvmhHzglBRj4wXdUOOlI+SUFCHCUoUH2qCiWD6VkT6WGCidHQZHYI9/fIsqZ7m7bN84UanUYAx0rAL+5ADG86hCNdQhgoQeIRneIU348l4Md6Nj3FrypjMbMMfGJ8/VDeZCQ==</latexit>

B(⇡+⇡�J/ )

<latexit sha1_base64="OPXzKHmizWOvFbi5/Rgj+Ydo+0o=">AAACB3icbVDLSgMxFL1TX7W+Rl2JIMEiVMQ6I4J2V3QjrirYB3TGkknTNjTzIMkIZSi4cOOvuHGhiFt/wZ1/Y6btQq0HEg7n3Mu993gRZ1JZ1peRmZmdm1/ILuaWlldW18z1jZoMY0FolYQ8FA0PS8pZQKuKKU4bkaDY9zite/2L1K/fUSFZGNyoQURdH3cD1mEEKy21zB3Hx6pHME/OhwUnYrcH6Xd4deREku2jlpm3itYIaJrYE5Ivb91DikrL/HTaIYl9GijCsZRN24qUm2ChGOF0mHNiSSNM+rhLm5oG2KfSTUZ3DNGeVtqoEwr9AoVG6s+OBPtSDnxPV6Zby79eKv7nNWPVOXMTFkSxogEZD+rEHKkQpaGgNhOUKD7QBBPB9K6I9LDAROnocjoE++/J06R2XLRPiqVrnUYJxsjCNuxCAWw4hTJcQgWqQOABnuAFXo1H49l4M97HpRlj0rMJv2B8fAOOnZkv</latexit>

B(⇡+⇡�hc)

<latexit sha1_base64="/vgqx81AzekzV7BaYh2nqZ4OEV0=">AAACBHicbVDLSgMxFL3js9bXqCvpJliEilhmRNDuim5cVrAP6IxDJk3b0MyDJCOUoaAbf8WNC0Xc+hHu/BszbRfaeiDhcM693HuPH3MmlWV9GwuLS8srq7m1/PrG5ta2ubPbkFEiCK2TiEei5WNJOQtpXTHFaSsWFAc+p01/cJX5zXsqJIvCWzWMqRvgXsi6jGClJc8sOAFWfYJ5ejkqOTG7O86+k75HjpBnFq2yNQaaJ/aUFKv7D5Ch5plfTiciSUBDRTiWsm1bsXJTLBQjnI7yTiJpjMkA92hb0xAHVLrp+IgROtRKB3UjoV+o0Fj93ZHiQMph4OvKbGU562Xif147Ud0LN2VhnCgaksmgbsKRilCWCOowQYniQ00wEUzvikgfC0yUzi2vQ7BnT54njdOyfVau3Og0KjBBDgpwACWw4RyqcA01qAOBR3iGV3gznowX4934mJQuGNOePfgD4/MHiuKYGg==</latexit>

B(�X(3872))

<latexit sha1_base64="HOgo2aRFrwcJZM2SgsWXqZ8R/bY=">AAACBXicbVA9SwNBEJ3z2/h1aiVaLIoQm3AXhSSdaGMZwZhAEsLcZhMXd++O3T0hHAGx8a/YWChi63+w89+4l6RQ44OBx3szzMwLYsG18bwvZ2Z2bn5hcWk5t7K6tr7hbm5d6yhRlNVoJCLVCFAzwUNWM9wI1ogVQxkIVg9uzzO/fseU5lF4ZQYxa0vsh7zHKRorddy9lkRzQ1GkZ8N8q49SImnkj8ul4tER6bgHXsEbgUwTf0IOTnfuIUO14362uhFNJAsNFah10/di005RGU4FG+ZaiWYx0lvss6alIUqm2+noiyE5tEqX9CJlKzRkpP6cSFFqPZCB7cxu1n+9TPzPayamV26nPIwTw0I6XtRLBDERySIhXa4YNWJgCVLF7a2E3qBCamxwORuC//flaXJdLPgnhcqlTaMCYyzBLuxDHnwowSlcQBVqQOEBnuAFXp1H59l5c97HrTPOZGYbfsH5+Aaw8Zd4</latexit>

B(DD̄)

<latexit sha1_base64="DA+x+LjWXwQ7VhR1FxTbWhdRVzg=">AAAB/3icbVDLSgMxFL1TX7W+RgVB3ASLUDdlRgTtrmgXLivYB3SGkknTNjTzIMkIZRzQX3HjQhG3/oY7/8ZM24W2HggczrmXe3K8iDOpLOvbyC0tr6yu5dcLG5tb2zvm7l5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzRdea37qmQLAzu1Diiro8HAeszgpWWuuaB42M1JJgnV2mp5nhYJLX0FHXNolW2JkCLxJ6RYvXwETLUu+aX0wtJ7NNAEY6l7NhWpNwEC8UIp2nBiSWNMBnhAe1oGmCfSjeZ5E/RiVZ6qB8K/QKFJurvjQT7Uo59T09maeW8l4n/eZ1Y9S/dhAVRrGhApof6MUcqRFkZqMcEJYqPNcFEMJ0VkSEWmChdWUGXYM9/eZE0z8r2eblyq9uowBR5OIJjKIENF1CFG6hDAwg8wDO8wpvxZLwY78bHdDRnzHb24Q+Mzx87gZZR</latexit>

https://arxiv.org/abs/1902.09268

