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for his contributions to the research reported in this talk
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•These are the exotic X, Y, Z mesons and the pentaquarks discovered over the 
last decades 

1. Hidden charm and beauty hadrons 
reveal tetraquarks and pentaquarks

•Heavy quark pairs are difficult to be created or destroyed by QCD forces 
inside hadrons. Hadrons with a  or  pair and electrically charged must 
contain additional light quarks, realising the hypothesis advanced by Gell-
Mann in the Sixties.

cc̄ bb̄
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M. Gell-Mann, A Schematic Model of Baryons and Mesons, PL 8,  214, 1964

There are indeed new valence quark configurations !!
• First hypothesis of tetraquarks by R. Jaffe, as a model of the lightest scalar mesons

• Tetraquarks are more easy to identify at the increase of quark mass 

• Hidden heavy flavors have been the first to be discovered

• The first, unexpected charmonium was the still controversial X(3872)

• Nearness to heavy pair threshold is to be expected, but the X(3872) is exceptionally 

close, we do not know yet if it is above or below the  threshold, within some 80 
keV.

D0D̄*0
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 Expected and Unexpected Charmonia
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see, e.g. L. Maiani and O. Benhar, Relativistic Quantum Mechanics, Taylor 
& Francis, 2024, ISBN 978-1-04-008511-0, 978-1-032-56594-1 
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Many Exotic Hadrons have been found in the weak decays  
of Beauty Mesons and Baryons
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Λ0
b → K− + 𝒫+ → K− + (J/Ψ + p)

K−

K+

B+ → K+ + X(3872) → K+ + (J/Ψ + ρ0)
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Explicit Tetraquarks 
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Zc(3900)±→J/Ψ+π
Zc(4020)±→hc+π

Zc(4430)±→J/Ψ+π

valence quark composition:
 cc̄ud̄

<latexit sha1_base64="PQQrx5WLau3MSidHLOYuws4Y/oM=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuCpJFXRZdOOygr1AG8pkMmmHTiZhZlIIoW/ixoUibn0Td76N0zQLbf1h4OM/53DO/H7CmdKO821VNja3tnequ7W9/YPDI/v4pKviVBLaITGPZd/HinImaEczzWk/kRRHPqc9f3q/qPdmVCoWiyedJdSL8FiwkBGsjTWybTL0sUQEpaiAYGTXnYZTCK2DW0IdSrVH9tcwiEkaUaEJx0oNXCfRXo6lZoTTeW2YKppgMsVjOjAocESVlxeXz9GFcQIUxtI8oVHh/p7IcaRUFvmmM8J6olZrC/O/2iDV4a2XM5GkmgqyXBSmHOkYLWJAAZOUaJ4ZwEQycysiEywx0SasmgnBXf3yOnSbDfeq0Xy8rrfuyjiqcAbncAku3EALHqANHSAwg2d4hTcrt16sd+tj2VqxyplT+CPr8wfzLZKQ</latexit>



Exotic Hadrons, TD Lee Inst., Shanghai June 25, 2019 Tomasz Skwarnicki
Narrow   peaks with  suppression𝑃 +

𝑐 → 𝐽 /𝜓𝑝 Λ∗
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Eliminates 80% of      
backgrounds
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LHCb-PAPER-2019-014

PRL 122, 222001

More, exotic valence quark configurations 
⇤b ! K� + J/ + P

<latexit sha1_base64="9BHcJm0LY1bng8/hRcwpeb0Lc6c=">AAACBXicbVC7SgNBFL0bXzG+opZaDAZBCMbdKGgZtBG1iGAekF3D7OwkGTL7YGZWCEsaG3/FxkIRW//Bzr9xkmyhiQcGDuecy5173IgzqUzz28jMzS8sLmWXcyura+sb+c2tugxjQWiNhDwUTRdLyllAa4opTpuRoNh3OW24/YuR33igQrIwuFODiDo+7gaswwhWWmrnd+0bHfZw20W2CtH1/SEqXh3ZkWRFVG3nC2bJHAPNEislBUih81+2F5LYp4EiHEvZssxIOQkWihFOhzk7ljTCpI+7tKVpgH0qnWR8xRDta8VDnVDoFyg0Vn9PJNiXcuC7Oulj1ZPT3kj8z2vFqnPmJCyIYkUDMlnUiTnS944qQR4TlCg+0AQTwfRfEelhgYnSxeV0Cdb0ybOkXi5Zx6Xy7Umhcp7WkYUd2IMDsOAUKnAJVagBgUd4hld4M56MF+Pd+JhEM0Y6sw1/YHz+AEoNloE=</latexit>
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<latexit sha1_base64="9BHcJm0LY1bng8/hRcwpeb0Lc6c=">AAACBXicbVC7SgNBFL0bXzG+opZaDAZBCMbdKGgZtBG1iGAekF3D7OwkGTL7YGZWCEsaG3/FxkIRW//Bzr9xkmyhiQcGDuecy5173IgzqUzz28jMzS8sLmWXcyura+sb+c2tugxjQWiNhDwUTRdLyllAa4opTpuRoNh3OW24/YuR33igQrIwuFODiDo+7gaswwhWWmrnd+0bHfZw20W2CtH1/SEqXh3ZkWRFVG3nC2bJHAPNEislBUih81+2F5LYp4EiHEvZssxIOQkWihFOhzk7ljTCpI+7tKVpgH0qnWR8xRDta8VDnVDoFyg0Vn9PJNiXcuC7Oulj1ZPT3kj8z2vFqnPmJCyIYkUDMlnUiTnS944qQR4TlCg+0AQTwfRfEelhgYnSxeV0Cdb0ybOkXi5Zx6Xy7Umhcp7WkYUd2IMDsOAUKnAJVagBgUd4hld4M56MF+Pd+JhEM0Y6sw1/YHz+AEoNloE=</latexit>

Pentaquarks: P+ = cc̄uud
<latexit sha1_base64="AfmYTQARd7AQxPzJZ+luPuk3VKw=">AAACA3icbVDLSgMxFM34rPU16k43wSIIQpmpgm6EohuXFewDOmO5k8m0oZnMkGSEMhTc+CtuXCji1p9w59+YPhbaekK4h3PuJbknSDlT2nG+rYXFpeWV1cJacX1jc2vb3tltqCSThNZJwhPZCkBRzgSta6Y5baWSQhxw2gz61yO/+UClYom404OU+jF0BYsYAW2kjr2fewQ4rg3vTy4xwV4A0pTMnLBjl5yyMwaeJ+6UlNAUtY795YUJyWIqNOGgVNt1Uu3nIDUjnA6LXqZoCqQPXdo2VEBMlZ+PdxjiI6OEOEqkuULjsfp7IodYqUEcmM4YdE/NeiPxP6+d6ejCz5lIM00FmTwUZRzrBI8CwSGTlGg+MASIZOavmPRAAtEmtqIJwZ1deZ40KmX3tFy5PStVr6ZxFNABOkTHyEXnqIpuUA3VEUGP6Bm9ojfryXqx3q2PSeuCNZ3ZQ39gff4AAdWV0g==</latexit>
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<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

3̄
<latexit sha1_base64="kcPp6uUL7P50wk9ODs8oFgZg0GE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nagx6LXjxWsK3QhDLZbtqlm03Y3Qgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZoqxDE5GoxxA1E1yyjuFGsMdUMYxDwXrh5Hbu956Y0jyRD2aasiDGkeQRp2is5PshKpL7YUSas0G15tbdBcg68QpSgwLtQfXLHyY0i5k0VKDWfc9NTZCjMpwKNqv4mWYp0gmOWN9SiTHTQb64eUYurDIkUaJsSUMW6u+JHGOtp3FoO2M0Y73qzcX/vH5mousg5zLNDJN0uSjKBDEJmQdAhlwxasTUEqSK21sJHaNCamxMFRuCt/ryOuk26l6z3rh3a62bIo4ynME5XIIHV9CCO2hDByik8Ayv8OZkzovz7nwsW0tOMXMKf+B8/gAfFZES</latexit>
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<latexit sha1_base64="70uIaXGJ41IJSMH39hSnvqPtAMw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe6SQsugjWUE8wHJEfY2c8mSvb1zd08IR/6EjYUitv4dO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLFSl2T9ICT12aBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2rerVq7V7t9K4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx8cj49Z</latexit>

Q
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<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

QCD 

Forces

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

Compact Diquark-Antidiquark
 L. Maiani, F. Piccinini, A. D. Polosa and 
V. Riquer, Phys. Rev. D 71 (2005) 014028; 
D 89 (2014) 114010.
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<latexit sha1_base64="/96yD5f3N6hhkjZXRxk+WqAOjT8=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRIDKhKykDHChbGItGH1EaV4zqtVceJbAepRPkSFgYQYuVT2Pgb3DQDtBzp6h6dc698ffyYM6Ud59sqbWxube+Udyt7+weHVfvouKuiRBLaIRGPZN/HinImaEczzWk/lhSHPqc9f3a78HuPVCoWiQc9j6kX4olgASNYG2lkV9OhHyA3u8x7MxvZNafu5EDrxC1IDQq0R/bXcByRJKRCE46VGrhOrL0US80Ip1llmCgaYzLDEzowVOCQKi/ND8/QuVHGKIikKaFRrv7eSHGo1Dz0zWSI9VStegvxP2+Q6KDppUzEiaaCLB8KEo50hBYpoDGTlGg+NwQTycytiEyxxESbrComBHf1y+uk26i7V/XGvVNr3RRxlOEUzuACXLiGFtxBGzpAIIFneIU368l6sd6tj+VoySp2TuAPrM8feemSTg==</latexit>

HadroCharmonium (1)

Quarkonium Adjoint Meson (8) E. Braaten, C. Langmack and D. H. 

Smith,  Phys. Rev. D 90 (2014) 01404

S. Dubynskiy, S. and M. B.Voloshin, 
Phys. Lett. B 666,(2008) 344.
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1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

Nuclear 

Forces Hadron Molecule

F-K. Guo, C. Hanhart, U-G Meißner, 
Q. Wang, Q.  Zhao, and B-S Zou, 
arXiv 1705.00141 (2017)

Twenty years after X(3872) discovery, there is no consensus 
yet on the internal structure of Exotic Hidden Charm hadrons
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1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

3̄
<latexit sha1_base64="kcPp6uUL7P50wk9ODs8oFgZg0GE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0nagx6LXjxWsK3QhDLZbtqlm03Y3Qgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YSq4Nq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZoqxDE5GoxxA1E1yyjuFGsMdUMYxDwXrh5Hbu956Y0jyRD2aasiDGkeQRp2is5PshKpL7YUSas0G15tbdBcg68QpSgwLtQfXLHyY0i5k0VKDWfc9NTZCjMpwKNqv4mWYp0gmOWN9SiTHTQb64eUYurDIkUaJsSUMW6u+JHGOtp3FoO2M0Y73qzcX/vH5mousg5zLNDJN0uSjKBDEJmQdAhlwxasTUEqSK21sJHaNCamxMFRuCt/ryOuk26l6z3rh3a62bIo4ynME5XIIHV9CCO2hDByik8Ayv8OZkzovz7nwsW0tOMXMKf+B8/gAfFZES</latexit>

3
<latexit sha1_base64="70uIaXGJ41IJSMH39hSnvqPtAMw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe6SQsugjWUE8wHJEfY2c8mSvb1zd08IR/6EjYUitv4dO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLFSl2T9ICT12aBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx74xcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP48GXKFzIipJZQpbm8lbEwVZcZGVLIheKsvr5N2rerVq7V7t9K4yeMowhmcwyV4cAUNuIMmtICBgGd4hTfn0Xlx3p2PZWvByWdO4Q+czx8cj49Z</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

QCD 

Forces

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

Compact Diquark-Antidiquark
 L. Maiani, F. Piccinini, A. D. Polosa and 
V. Riquer, Phys. Rev. D 71 (2005) 014028; 
D 89 (2014) 114010.

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

Q
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>

q̄
<latexit sha1_base64="Et9s1qxigJJFp9G4q4NDO9OqAFQ=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqezWgx6LXjxWsB/QLiWbZtvYbLImWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCXv7SRhQUyGkkecEuukVi8kGj/2yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Ua3depX6dx1GEEziFc/DhEupwCw1oAoUHeIZXeEMKvaB39LFoLaB85hj+AH3+ACoujtg=</latexit>

QCD 

Forces1,8

<latexit sha1_base64="/96yD5f3N6hhkjZXRxk+WqAOjT8=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRIDKhKykDHChbGItGH1EaV4zqtVceJbAepRPkSFgYQYuVT2Pgb3DQDtBzp6h6dc698ffyYM6Ud59sqbWxube+Udyt7+weHVfvouKuiRBLaIRGPZN/HinImaEczzWk/lhSHPqc9f3a78HuPVCoWiQc9j6kX4olgASNYG2lkV9OhHyA3u8x7MxvZNafu5EDrxC1IDQq0R/bXcByRJKRCE46VGrhOrL0US80Ip1llmCgaYzLDEzowVOCQKi/ND8/QuVHGKIikKaFRrv7eSHGo1Dz0zWSI9VStegvxP2+Q6KDppUzEiaaCLB8KEo50hBYpoDGTlGg+NwQTycytiEyxxESbrComBHf1y+uk26i7V/XGvVNr3RRxlOEUzuACXLiGFtxBGzpAIIFneIU368l6sd6tj+VoySp2TuAPrM8feemSTg==</latexit>

HadroCharmonium (1)

Quarkonium Adjoint Meson (8) E. Braaten, C. Langmack and D. H. 

Smith,  Phys. Rev. D 90 (2014) 01404

S. Dubynskiy, S. and M. B.Voloshin, 
Phys. Lett. B 666,(2008) 344.

Q̄
<latexit sha1_base64="Bc/9rvPnvoo4ao/6JBBV6fnY+ec=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWQY9FLx5bsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHtzP/4Ylpw5W8t5OEBTEZSh5xSqyT2r2QaNzslyte1ZsDrxI/JxXI0eiXv3oDRdOYSUsFMabre4kNMqItp4JNS73UsITQMRmyrqOSxMwE2fzaKT5zygBHSruSFs/V3xMZiY2ZxKHrjIkdmWVvJv7ndVMbXQcZl0lqmaSLRVEqsFV49joecM2oFRNHCNXc3YrpiGhCrQuo5ELwl19eJe1a1b+o1pqXlfpNHkcRTuAUzsGHK6jDHTSgBRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A/rfjrw=</latexit>

q
<latexit sha1_base64="r71nhxOKxOlzz8SvXbYyeWpRVfo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjKK+YDkCHubvWTJ3t65OyeEI//AxkIRW/+Rnf/GTXKFJj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFK9+SxX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimGV34mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dudW6td5HEU4gVM4Bw8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5AzE+jR8=</latexit>

1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

1
<latexit sha1_base64="rnj0yEAuSl5veF8UR1l4vGlLQ/Q=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nqQY9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkobm1vbO+Xdyt7+weFR9fikbZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknd3O/88S1EYl6xGnKg5iOlIgEo2glvx9GxBtUa27dXYCsE68gNSjQGlS/+sOEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGLqwyJFGibSkkC/X3RE5jY6ZxaDtjimOz6s3F/7xehtFNkAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+vE7ajbp3VW88uLXmbRFHGc7gHC7Bg2towj20wAcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w/8944h</latexit>

Q
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Nuclear 

Forces Hadron Molecule

F-K. Guo, C. Hanhart, U-G Meißner, 
Q. Wang, Q.  Zhao, and B-S Zou, 
arXiv 1705.00141 (2017)

Twenty years after X(3872) discovery, there is no consensus 
yet on the internal structure of Exotic Hidden Charm hadrons

Z. H. Zhang et al.,  arXiv:2404.11215 [hep-ph]

Contact meson interactions in chiral Effective Field Theory

AANEW
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2. Four-Heavy Quarks Mesons

•Proposed as early as 1985

8

  L. Heller and J. A. Tjon, On Bound States of Heavy  Systems, Phys. Rev. D 32 
(1985) 755; 

A. V. Berezhnoy, A. V. Luchinsky and A. A. Novoselov, Tetraquarks Composed of 4 Heavy 
Quarks, Phys. Rev. D 86, 034004 (2012).

Q2Q̄2

W.Chen, H.X.Chen, X.Liu, T.G.Steele and S.L.Zhu, Phys. Lett. B 773, 247 (2017); 

Y.Bai, S.Lu and J.Osborne, arXiv:1612.00012 [hep-ph]; 

Z.G.Wang, Eur. Phys. J. C 77, 432 (2017); 

M.Karliner, S.Nussinov and J.L.Rosner, Phys. Rev. D 95, 034011 (2017); 

J.M.Richard, A.Valcarce and J.Vijande, Phys. Rev. D 95, 054019 (2017); J.Wu, Y.R.Liu, 
K.Chen, X.Liu and S.L.Zhu, Phys. Rev. D 97, 094015 (2018); 

M.N.Anwar, J.Ferretti, F.K.Guo, E.Santopinto and B.S.Zou, Eur. Phys. J. C 78, 647 (2018); 

A.Esposito and A.D.Polosa, Eur. Phys. J. C 78 ,  782 (2018); 

M.A.Bedolla, J.Ferretti, C.D.Roberts and E.Santopinto, arXiv:1911.00960 [hep-ph]. 

•Widely considered after the observation of doubly heavy baryons and doubly heavy 
tetraquarks
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Four-Heavy Quarks Mesons (cont’d)

9

•In view of the luminosity update of LHCb, as a  Genova-Roma collaboration, we 
set up to compute lifetime & branching ratios for fully bottom tetraquarks.


•We observed  that states, implied by the quark structure, should be more 
visible than , with a production cross-section a factor 5 larger and therefore a 
larger 4µ BF !

2++

0++

• In March 2020, we realised that fully charmed tetraquarks would be more close to 
be detected and produced a new study for all-charm tetraquarks. 

C.Becchi, J.Ferretti, A.Giachino, L.Maiani and E.Santopinto, Phys. Lett. B 811 (2020) 135952 

•Discussions with Sheldon Stone and Liupan An have been very useful.

C.Becchi, A.Giachino, L.Maiani and E.Santopinto, Phys. Lett. B 806, 135495 (2020). 

•Claims of a 4muon peak in 2Υ spectrum circulated in 2018-2019 : not confirmed.
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R.~Aaij et al. [LHCb]Sci. Bull. 65 (2020) 1983

Nov. 10, 2020: First observation of 4-muon, 
all-charm, resonances 
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arXiv:2506.07944v1, 9 Jun 2025 
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arXiv:2506.07944v1, 9 Jun 2025 

Angular analisis techniques, developed for the Higgs Boson, have been 
applied to the new states and show that they have all:  .


?? Radial excitations: N=1, 2, 3 or 2, 3, 4 ??
JPC = 2++
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3. Tetraquark constituent  picture of 2 J/Ψ resonances

•The diquark and the antidiquark are bound by gluon exchange;

•[cc] in  color  (QCD interaction is attractive, in  is repulsive), 

 in color ;

•color antisymmetry and Fermi statistics requires spin to be 

symmetric under quark exchange, i.e.  :


•S-wave,  C=+1 states: , may decay in 2 J/Ψ

•S-wave, C= -1 states:  , may decay in , no 

contribution to  decay.

3̄ 6
[c̄c̄] 3

Scc = Sc̄c̄ = 1
JPC = 0++, 2++

JPC = 1+− ηc + J/Ψ
4 μ

12

c̄ c

S-wave,  fully charm tetraquarks

[cc]3̄
S=1 [c̄c̄]3

S=1
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•Decays take place via  annihilation. The starting point is to bring the  pairs together.cc̄ cc̄

𝒯(J = 0++) = (cc) 1
3̄ (c̄c̄) 1

3 ⟩
0

1
= −

1
2 ( 1

3
(cc̄) 1

1 (cc̄) 1
1 ⟩

0

1
−

2
3

(cc̄) 1
8 (cc̄) 1

8 ⟩
0

1 )+

+
3

2 ( 1
3

(cc̄) 0
1 (cc̄) 0

1 ⟩
0

1
−

2
3

(cc̄) 0
8 (cc̄) 0

8 ⟩
0

1 )
𝒯(J = 2++) = (cc) 1

3̄ (c̄c̄) 1
3 ⟩

2

1
= ( 1

3
(cc̄) 1

1 (cc̄) 1
1 ⟩

2

1
−

2
3

(cc̄) 1
8 (cc̄) 1

8 ⟩
2

1 ) .

•Normalized tetraquark operators x Spectroscopic Coefficients 

•The total T decay rate is the sum of individual decay rates, obtained from the simple 
formula 


 


a new parameter is the overlap probability of the annihilating pair, v the 
relative velocity,  the spin-averaged annihilation cross section in the final state f, 
suffixes s and c denote spin and color.

Γ((cc̄)s
c) = |Ψ(0)𝒯 |2 vσ((cc̄)s

c → f )
|Ψ(0)𝒯 |2

σ

Decays and branching fractions
C.Becchi, A.Giachino, L.Maiani, E.Santopinto, Phys. Lett. B 806, 135495 (2020).  C.Becchi, 
J.Ferretti, A.Giachino, L.Maiani E.Santopinto, Phys. Lett. B 811 (2020) 135952 (4 Oct. 2020)
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Color Singlet

J=1

+light hadrons, rate, 

including  rate: 

rate of  final state: 

J/Ψ
2J/Ψ α3

S
4μ α4

Color Octet

J=1

, rate: D(*) D̄(*) α2
S

Color Octet

J=0

Color octet light quarks

to neutralize  ,

rate:   (neglected)

(cc̄)0
8

α4
S

Four possible annihilations: the fate of cc̄

Color Singlet

J=0 +light hadrons, rate: ηc α2

S
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Visibility

• Visibility of  in  event : 


V=  =


= 


• we find the BF ratio ~6, so , 


• justifying that CMS sees only  states

• a different diquark-antidiquark dynamics led to the conclusion of spin 

 for the 6.900 GeV peak.

2++ vs. 0++ 4μ
σ(p + p → 2++)
σ(p + p → 0++)

⋅
BF(2++ → 2 J/Ψ)
BF(0++ → 2 J/Ψ)

5 ⋅
BF(2++ → 2 J/Ψ)
BF(0++ → 2 J/Ψ)

V ≃ 30
2++

JPC = 0++

15

M. Karliner, J.Rosner, Phys. 
Rev. D 102, 114039 (2020).
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• One may try the same strategy of Charmonium, treating diquarks and 
antidiquarks as single particles with a mass  left arbitrary

• the same Cornell potential as for Charmonia (required for color   
diquarks)





•In this way one could try to describe radially as well as orbital excited 
states. 

• 

•         Expt:             

Mcc ∼ 2Mc
3̄,3

V = −
4
3

αs

r
+ kr + 2Mcc, αs = 0.33, k = 0.18

Mc = 1 . 447 2S : 6.536; 3S : 6.895(input); 4S : 7.200
6.600; 6.900 7.100

4. All-charm Tetraquark masses: the Cornell way 

16

We may not be so far






L = 1, S = 2, JPC = 3−−, 2−−, 1−−

L = 1, S = 1, JPC = 2−+, 1−+, 0−+

L = 1, S = 0, JPC = 1−−

P-wave diquarkonia quantum numbers:
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seen today

The spectrum of dicharmonia

4P

4S

3P

3S

2P

2S


J/Ψ − χ Thr.

L. Maiani, E. Santopinto, Work in progress



Genova, 18/03/2026 L. Maiani. All-charm tetraquarks

5. P-wave Tetraquark decays

18

M. N. Anwar, J. Ferretti, F. K. Guo, E. Santopinto and B. S. Zou, Eur. Phys. J. C 78 (2018) 647;

 G. J. Wang, L. Meng, M. Oka and S. L. Zhu, Phys. Rev. D 104 (2021) no.3, 036016; 

•Decay happens via annihilation of a  pair, which depends from the 
overlap parameter                                 in the pointlike diquark-antidiquark 
approximation.

(c̄c)
|Ψ𝒯,cc̄(0) |2 = 0

•  we have to allow for the relative 
motion of the individual quark and 
antiquark components, see figure. 


• a Fierz rearrangement brings (a) into 
(b) and we obtain similar structures 
of the previous, S-wave calculation 

• Decay modes of the heaviest P-Wave tetraquark  :





   

4P, JPC = 3−−

[[(cc)1
3̄, (c̄c̄)1

3]
2×P wave]3

1⟩ = −
1
3 [[(c̄c)1

1, (c̄c)1×P wave]
1 ]3

1⟩ +
2
3 [[(c̄c)1

8, (c̄c)1×P wave]
8 ]3

1⟩
χcc3(4P) → J/Ψ + χc2(2P)(3930), D*(2007)D̄*2 (2460) + c . c .

L. Maiani, E. Santopinto, Work in progress.

Both channels can be explored to discover χcc3(4P)
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More explicitly…

19

Color Octet

J=1

rate: α2
S

[[(c̄c)1
8, (c̄c)1×P wave]

8 ]3
1⟩ → [[(q̄q)1

8, (c̄c)1×P wave]
8 ]3

1⟩ (q = u, d, s, c) →

→ [[(q̄c)1
1, (c̄q)1×P wave]

1 ]3⟩ → [D*(2007)D̄*2 (2460)] + [J/Ψ + χc2(2P)]

[[(cc)1
3̄, (c̄c̄)1

3]
2×P wave]3

1⟩ = −
1
3 [[(c̄c)1

1, (c̄c)1×P wave]
1 ]3

1⟩ +
2
3 [[(c̄c)1

8, (c̄c)1×P wave]
8 ]3

1⟩

          q=u,d,s   

   and their radial excitations

1−− 2++ for q=c
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6.  An interesting challenge

•In a similar way, we expect to see the decay of the  state according to




• In PdG, the charmonium state reported as is the former X(3872), 
which was the first discovered ”exotic hadron”. 


• X(3872) is most likey a tetraquark, judging from its consistent 
decay. In addition, the prediction for the 2P, spin 1 

charmonium, computed with the Cornell potential is rather M = 3.940 − 
3.950 GeV.

2−−

χcc2(4P) → J/Ψ + χc1(2P)P−wave

χc1(2P)

J/Ψ + ρ0

20

The study of the decay of  may lead to the identification 
of the true , some 50-70 MeV above the  .

χcc2(4P)
χc1(2P) X(3872)

A possible candidate: the  peak with mass 3940 MeV, observed by Belle 
in , classified in PdG as X(3940), without 
specification of quantum numbers. 


D*D̄
e+e− → J/Ψ + hadrons
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Charmonia, again

21

Who is it, the 2P,  P-Wave Charmonium ??JPC = 1++
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7. QCD tetraquarks vs the latest Hadron Molecules model

• For molecular  tetraquarks, in the limit of very massive charm quark, the light 
quark total spin is a separatly conserved quantity (this is the light quark spin 
symmetry in the static quark approximation introduced by Isgur and Wise)


•  For hidden charm molecules , flavour symmetry, e.g. Isospin, is also an 
independent (commuting) conserved quantity. The possible combinations of light 
and heavy spin generate six states with definite Isospin, total angular momentum  
and charge conjugation:


• These are the same states predicted for diquark-antidiquark tetraquarks of the 
form  , with spin . 


• Notably, the molecular list includes the I=1 partner of .

(c̄q)(q̄′￼c)

JPC
I

[cq]3̄
S[c̄q̄′￼]3

S̄ S and S̄, J = S + S̄

X(3872), i.e. X+

22

L. Maiani et al., Phys. Rev. D 89 (2014), 114010; Phys. Rev. D 94 (2016) , 054026]. 

Z. H. Zhang et al.,  arXiv:2404.11215 [hep-ph]

JPC
I = 0++

I , 1+−
I , 1′￼+−

I , 1++
I , 0′￼++

I , 2++
I
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•  For hidden charm molecules , flavour symmetry, e.g. Isospin, is also an 
independent (commuting) conserved quantity. The possible combinations of light 
and heavy spin generate six states with definite Isospin, total angular momentum  
and charge conjugation:


• These are the same states predicted for diquark-antidiquark tetraquarks of the 
form  , with spin . 


• Notably, the molecular list includes the I=1 partner of .

(c̄q)(q̄′￼c)

JPC
I

[cq]3̄
S[c̄q̄′￼]3

S̄ S and S̄, J = S + S̄

X(3872), i.e. X+

22

L. Maiani et al., Phys. Rev. D 89 (2014), 114010; Phys. Rev. D 94 (2016) , 054026]. 

Z. H. Zhang et al.,  arXiv:2404.11215 [hep-ph]

May this be an indication that new molecular paradigm and the tetraquark QCD 
description  are two aspects of the same physics… 

….as it happened in the 70’s for Regge poles (t-channel physics) and quark 
bound states (s-channel physics


!!??!!   

JPC
I = 0++

I , 1+−
I , 1′￼+−

I , 1++
I , 0′￼++

I , 2++
I
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A tale from the years 1970’s:

Leonard Susskind  in Quark Confinement 

Cambridge University Press: 03 February 2010 

23

By the end of the 1960s our empirical knowledge of hadrons consisted of a vast mountain of 
data about their spectrum, their low- and high-energy interactions, and their electromagnetic 
and weak properties. 

To some extent the story of the eventual interpretation in terms of QCD was like digging a 
tunnel through the mountain with crews of diggers starting independently at the two ends. 

At one end was the short-distance behavior of local currents and its interpretation in terms of 
freely moving quark-parton constituents. 

At the other end was the low-momentum-transfer Regge structure including a spectrum of 
highly excited rotational states…. but no free quarks. 

Sometime in 1973 the two tunnel crews discovered that they had met and a complete picture 
of the strong interactions existed. Of course the two crews were not entirely unaware of each 
other. 

The Regge workers were beginning to organize the trajectories by quantum numbers 
suggested by the quark model. 


Eventually, the Regge picture culminated with a set of scattering amplitudes based on the 
duality principle of R. Dolen, D. Horn, and C. Schmidt (1968):


Sum t-exchange amplitudes = Sum s-channel resonance amplitudes



Genova, 18/03/2026 L. Maiani. All-charm tetraquarks

Dolen-Horn-
Schmidt 
duality

24

time
d

d̄

ud̄

π+p

p π+

ud̄

duu

dud

∑
ρ0+…

t-channel exch.

= ∑
N*++…

s-channel exch.
π+p

p π+

N*+ = [uud]
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Dolen-Horn-
Schmidt 
duality

24

time
d

d̄

ud̄

π+p

p π+

ud̄

duu

dud

∑
ρ0+…

t-channel exch.

= ∑
N*++…

s-channel exch.
π+p

p π+

N*+ = [uud]

An infinite number of t-channel poles (forces) may produce s-channel poles (resonances)! 

Duality is a property shared by the Veneziano Model and Large N QCD (G. ’t Hooft, 1973)
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Dolen-Horn-
Schmidt 
duality

24

time
d

d̄

ud̄

π+p

p π+

ud̄

duu

dud

∑
ρ0+…

t-channel exch.

= ∑
N*++…

s-channel exch.
π+p

p π+

N*+ = [uud]

An infinite number of t-channel poles (forces) may produce s-channel poles (resonances)! 

Duality is a property shared by the Veneziano Model and Large N QCD (G. ’t Hooft, 1973)

Extended to 
Exotics ?


(Tetraquarks) time
c

c̄

dc̄

D̄−D*+

D̄−

dc̄

cd̄

cd̄

c̄

D*+

∑
ψ+…

t-channel exch.

= ∑
X+…

s-channel exch.
D̄−D*+

D*+ D̄−

X = [c̄ū][cu]
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Summing up
• The observation of the 4 muons peaks opens several exciting possibilities and 
it may be a real game changer.

•The observed peaks above the  thereshold fit well with  
resonances, for production rate and total width;

• a  peak is predicted with mass ~ 6300 MeV, similar width, large decay rate 
in  pairs or  pairs;


• P-waves: 


• Challenges:

1. Find the  and its radial excitations

2. Find radial and P-wave all-c tetraquarks 

3. Find all-b tetraquarks

4. Find a convincing theoretical picture, comparable to that of Charmonia, 

to compute masses, production cross sections and decay rate of the new 
family.

2 J/Ψ 2++ [ccc̄c̄]

0++

ηc DD̄

0++

25
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0++

ηc DD̄

0++

25
Can we end up with a convincing QCD theory of the Exotic Hadrons ?


