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•Heavy quark pairs are difficult to be created or destroyed by QCD forces inside hadrons.

• Hadrons electrically charged and featuring a  or  pair must contain additional light 
quarks, realising the hypothesis advanced by Gell-Mann in the Sixties

cc̄ bb̄

1. Hidden charm and beauty hadrons reveal tetraquarks and pentaquarks
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There are, indeed,  new valence quark configurations !!

•These are the exotic X, Y, Z mesons and the 
pentaquarks discovered over the last decade 

• 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, 

• hidden charm and open strangeness discovered now !!

• 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

M. Gell-Mann, A Schematic Model of Baryons and Mesons, PL 8,  214, 1964
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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>
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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
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Pentaquarks: P+ = cc̄uud
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No consensus, yet 
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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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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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<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)



TD Lee Institute, April2 , 2021 L. Maiani. SU(3) symmetry and tetraquarks /33

For a review, see: 

A. Ali, L. Maiani and A.D. Polosa, Multiquark 
Hadrons, Cambridge University Press (2019)

No consensus, yet 

5

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
<latexit sha1_base64="UEZhtOT7DpHvjVdma0UnPJvuLEM=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5ioWXQxjIB8wHJEfY2c8mavb1jd08IR36BjYUitv4kO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszkoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6V9Va063Ub/M4inAG53AJHlxDHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDqyuM1Q==</latexit>
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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)
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2.  Exotic mesons: the New Wave

6

• Starting from 2016, new kinds of exotic hadrons have been discovered:           

           resonances,  resonances,  open strangeness Exotics: 
Zcs(3082) and Zcs(4003) 

•No pion exchange forces can bind them as hadron molecules made by 
color singlet mesons: molecular models have to stand on the existence of  
“phenomenological forces” with undetermined parameters

• Not necessarily “just on threshold”, no cusp behaviour..


•  The New Exotics arise very naturally as  bound in color 
singlet

•The compact tetraquark model makes a firm prediction: hidden charm 
tetraquarks must form  complete multiplets of flavor SU(3), with mass 
differences determined by the quark mass difference: 


.

• with Zcs(3082) and Zcs(4003) we can almost fill two tetraquark nonets 
with the expected scale of mass differences. 

J/Ψ ϕ di − J/Ψ

([cq]3̄[c̄q̄′￼]3)1

ms − mu = 120 − 150 MeV
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The New Wave started with the discovery of  
resonances,  LHCb 2016

J/Ψ ϕ

7

Results of fit: m(J/ψφ) 

28 Recontres de Blois, June 2, 2016

36 

n    4 visible structures fit with BW amplitudes 

}X0 

 

m=4147 MeV 
Γ=80 MeV 

Preliminary 

Results of fit 
n  JP also measured all with >4σ significances 

28 Recontres de Blois, June 2, 2016

37 

Particle JP Signif-
icance 

Mass 
(MeV) 

Γ 
(MeV) 

 

Fit 
Fraction 

(%) 

X(4140) 1+ 8.4 σ

X(4274) 1+ 6.0 σ

X(4500) 0+ 6.1 σ

X(4700) 0+ 5.6 σ

NR 0+ 6.4 σ

 4146.5± 4.5
−2.8
+4.6

 
4273.3±8.3

− 3.6
+17.2

 4506±11
−15
+12

 4704±10
−24
+14

 83± 21
−14
+21

 56±11
−11
+ 8

 92± 21
−20
+21

 120±31
−33
+42

 13.0±3.2
−2.0
+4.8

 7.1± 2.5
−2.4
+3.5

 6.6± 2.4
−2.3
+3.5

 12±5
−5
+9

 46±11
−21
+11

L. Maiani, A. Polosa, V. Riquer, Phys. Rev. D 94, 054026 (2016) 

•J/Ψ φ mass distribution: four structures

•positive parity, J=0 and 1, positive charge conjugation

•X(4140) seen previously by CMS and by BELLE

•interpreted as  tetraquarks[cs][c̄s̄]
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36 
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Preliminary 

Results of fit 
n  JP also measured all with >4σ significances 

28 Recontres de Blois, June 2, 2016

37 

Particle JP Signif-
icance 

Mass 
(MeV) 

Γ 
(MeV) 

 

Fit 
Fraction 

(%) 

X(4140) 1+ 8.4 σ

X(4274) 1+ 6.0 σ

X(4500) 0+ 6.1 σ

X(4700) 0+ 5.6 σ

NR 0+ 6.4 σ

 4146.5± 4.5
−2.8
+4.6

 
4273.3±8.3

− 3.6
+17.2

 4506±11
−15
+12

 4704±10
−24
+14

 83± 21
−14
+21

 56±11
−11
+ 8

 92± 21
−20
+21

 120±31
−33
+42

 13.0±3.2
−2.0
+4.8

 7.1± 2.5
−2.4
+3.5

 6.6± 2.4
−2.3
+3.5

 12±5
−5
+9

 46±11
−21
+11

L. Maiani, A. Polosa, V. Riquer, Phys. Rev. D 94, 054026 (2016) 

•J/Ψ φ mass distribution: four structures

•positive parity, J=0 and 1, positive charge conjugation

•X(4140) seen previously by CMS and by BELLE

•interpreted as  tetraquarks[cs][c̄s̄]

•Baryon-antibaryon

 molecules? 


!!!
Ξ+

c = [csu]
2MΞc

∼ 4930 MeV

•Meson-Meson molecule: no way
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di-J/\Psi resonances !!! LHCb November 2020

8
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di-J/\Psi resonances !!! LHCb November 2020

8

•Baryon-antibaryon

 molecule? 


!!!
Ξcc = [ccu]

2MΞcc
∼ 7242 MeV

•Meson-Meson molecule: no way
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Open Strangeness

9

BES III, 

Nov. 2020 

Zcs-(3895)

e+e− → K+Z−
cs(3985) → K+(D* −

s D0 + D−
s D* 0)

N. of Events 
vs.

Mass 
recoiling

against K+ M = (3982.5 + 1.8 ± 2.1) MeV

Γ = (12.8 + 5.3 ± 3.0) MeV
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Open Strangeness

9

BES III, 

Nov. 2020 

Zcs-(3895)

e+e− → K+Z−
cs(3985) → K+(D* −

s D0 + D−
s D* 0)

N. of Events 
vs.

Mass 
recoiling

against K+

•Baryon-antibaryon

 molecule? 



!!!

Ξ+
c = [csu], Σ̄−−

c = [c̄ūū]
MΞc

+ MΣ̄c
∼ 4923 MeV

•Meson-Meson molecule: no way

M = (3982.5 + 1.8 ± 2.1) MeV

Γ = (12.8 + 5.3 ± 3.0) MeV
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LHCb: 

The decay:     

displays exotic resonances in two channels:

   and 

  

B+ → J/Ψ ϕ K+

J/Ψ ϕ (Xss̄ = [cs][c̄s̄])
J/Ψ K+ (Z+

cs = [cu][c̄s̄])

10

LHCb:

Argand’s Plot of Z+cs(4003)

LHCb: Z+cs(4003)

March 2021

M = 4003 ± 6+4
−14 MeV

Γ = 131 ± 15 ± 26 MeV
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LHCb: 

The decay:     

displays exotic resonances in two channels:

   and 

  

B+ → J/Ψ ϕ K+

J/Ψ ϕ (Xss̄ = [cs][c̄s̄])
J/Ψ K+ (Z+

cs = [cu][c̄s̄])

10

LHCb:

Argand’s Plot of Z+cs(4003)

LHCb: Z+cs(4003)

March 2021

M = 4003 ± 6+4
−14 MeV

Γ = 131 ± 15 ± 26 MeV

LHCb and BES III see two DIFFERENT particles !!!
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• [cq] in color ,                     I=1, 0

•S-wave: positive parity

• total spin of each diquark, S=1, 0

• neutral states may be mixtures of isotriplet and isosinglet


•mass splitting due to spin-spin interactions (e.g. the non-relativistic costituent quark 
model


• in the basis

3̄ [cq]S=0,1[c̄q̄′￼]S=0,1

 3. Tetraquark constituent  picture of unexpected quarkonia

11

|s, s̄iJ

JP = 0+ C = + X0 = |0, 0i0, X 0
0 = |1, 1i0

JP = 1+ C = + X1 =
1p
2

(|1, 0i1 + |0, 1i1)

JP = 1+ G = + Z =
1p
2

(|1, 0i1 � |0, 1i1) , Z 0 = |1, 1i1

JP = 2+ C = + X2 = |1, 1i2

L.Maiani, F.Piccinini, A.D.Polosa and V.Riquer, Phys. Rev. D 71 (2005) 014028

The S-wave,  JP=1 + charmonium tetraquarks
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•S-wave: positive parity

• total spin of each diquark, S=1, 0

• neutral states may be mixtures of isotriplet and isosinglet


•mass splitting due to spin-spin interactions (e.g. the non-relativistic costituent quark 
model


• in the basis

3̄ [cq]S=0,1[c̄q̄′￼]S=0,1

 3. Tetraquark constituent  picture of unexpected quarkonia

11

|s, s̄iJ

JP = 0+ C = + X0 = |0, 0i0, X 0
0 = |1, 1i0

JP = 1+ C = + X1 =
1p
2

(|1, 0i1 + |0, 1i1)

JP = 1+ G = + Z =
1p
2

(|1, 0i1 � |0, 1i1) , Z 0 = |1, 1i1

JP = 2+ C = + X2 = |1, 1i2

L.Maiani, F.Piccinini, A.D.Polosa and V.Riquer, Phys. Rev. D 71 (2005) 014028

The S-wave,  JP=1 + charmonium tetraquarks
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• [cq] in color ,                     I=1, 0

•S-wave: positive parity

• total spin of each diquark, S=1, 0

• neutral states may be mixtures of isotriplet and isosinglet


•mass splitting due to spin-spin interactions (e.g. the non-relativistic costituent quark 
model


• in the basis

3̄ [cq]S=0,1[c̄q̄′￼]S=0,1

 3. Tetraquark constituent  picture of unexpected quarkonia

11

|s, s̄iJ

X(3872)=X1

Z(3900), Z(4020)=lin. combs. 
of Z&Z’ that diagonalize H

X(3940)=X2 ??

JP = 0+ C = + X0 = |0, 0i0, X 0
0 = |1, 1i0

JP = 1+ C = + X1 =
1p
2

(|1, 0i1 + |0, 1i1)

JP = 1+ G = + Z =
1p
2

(|1, 0i1 � |0, 1i1) , Z 0 = |1, 1i1

JP = 2+ C = + X2 = |1, 1i2

L.Maiani, F.Piccinini, A.D.Polosa and V.Riquer, Phys. Rev. D 71 (2005) 014028

The S-wave,  JP=1 + charmonium tetraquarks
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c̄ c

 Tetraquark constituent  picture of  di-J/Ψ resonances

• [cc] in color 


• total spin of each diquark, S=1 (color antisymmetry and Fermi statistics)

•S-wave: positive parity


•C=+1 states: , decay in

•C= -1 states:  , decays in  

3̄

JPC = 0++, 2++

JPC = 1+− J/ψ + ηc, DD̄

L.Maiani, F.Piccinini, A.D.Polosa and V.Riquer, Phys. Rev. D 71 (2005) 014028

S-wave,  fully charm tetraquarks

12

[cc]S=1[c̄c̄]S=1

•mass spectrum can be computed (see e.g. M.A.Bedolla, 
J.Ferretti, C.D.Roberts and E.Santopinto, 
arXiv:1911.00960 [hep-ph]:


• QCD inspired potential (Coulomb+linear potential), gaussian 
wave functions in the three Jacobi coordinates, 


• Urgent: measure Spin-Parity of the resonances in the 
spectrum

ξ1, ξ2, ξ3

c

c

c̄

c̄

Jacobi coordinates in the 
tetraquark

2 J/ψ, 2 ηc, 2 χc0(1P), 2 χc1,2(1P), DD̄
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4. Hidden charm tetraquarks make Flavour SU(3) nonets

13

classical SU(3) nonet 
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4. Hidden charm tetraquarks make Flavour SU(3) nonets

13

classical SU(3) nonet can be plotted  v.s. number of 
strange quarks  

Nonet Mixing: 

mass differences 

ρ(775) + ϕ(1020)
2

− K*(892) ∼ 6 MeV
ϕ(1020) − ρ(775) ∼ 244 MeV

∝ (ns + ns̄)(ms − mu)

Equal  Spacing rule, e.g.:
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4. Hidden charm tetraquarks make Flavour SU(3) nonets

13

classical SU(3) nonet can be plotted  v.s. number of 
strange quarks  

Nonet Mixing: 

mass differences 

ρ(775) + ϕ(1020)
2

− K*(892) ∼ 6 MeV
ϕ(1020) − ρ(775) ∼ 244 MeV

∝ (ns + ns̄)(ms − mu)

Equal  Spacing rule, e.g.:

• X(3872) & X(4140) (the lowest  resonance) belong to one 
( ) nonet, as indicated by the mass difference:


                                                 

•  Zc(3900) needs a second ( ) nonet

• Zcs(3985) and Zcs(4003) almost completely fill them…

J/Ψ ϕ
JPC = 1++

JPC = 1+−
Zc(4140) − X(3872) = 275 MeV

  The lightest   tetraquarks 
fall into two different nonets   

JP = 1+
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Two solutions

14

L. Maiani, A. D. Polosa and V. Riquer, 
[arXiv:2103.08331
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Two solutions

14

slightly different 
predictions

L. Maiani, A. D. Polosa and V. Riquer, 
[arXiv:2103.08331
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Two solutions

14

slightly different 
predictions

Solution 1 is favoured. The scale of the mass differences is in line for both

L. Maiani, A. D. Polosa and V. Riquer, 
[arXiv:2103.08331
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a well identified shopping list

• , decays: : 


•The nonet of Zc(4020), , requires a third Zcs at 4150-4170 MeV; 

•LHCb indeed sees a Zcs(4220), , which may be  too heavy

• the  I=1 partners of X(3872), decaying into  

• the I=0 partners of Zc(3900) and Zc(4020), possibly decaying into 

(aka ).

Xss̄, M = 4076 or 4121 ηc ϕ, D*s D̄s

JPC = 1+−

JP = 1+or 1−

J/Ψ + ρ±

J/Ψ + f0(500) σ(500)

15
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Radiative and Pionic Decays of Y(4230)

16

e+e− → Y(4230) → π + Zc(3900)/Zc(4020) or γ + X(3872)
•Have been studied by BESIII in  annhilation:e+e−

L. Maiani, A. D. Polosa and V. Riquer, arXiv:2103.14356 

•the cross section at the peak is

σpeak(e+e− → Y(4230) → f ) =
12π
M2

Y

ΓeΓf

Γ2
Γ(Y(4230)) = (56.0 ± 3.6 ± 6.9) MeV
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R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, 
R. Gatto, F. Feruglio and G.Nardulli,

Phys. Rept. 281, 145( 1997).

Is quark dynamics the same in mesons and tetraquarks ?

coupling = e Qu,d ,
e2

4π
=

1
137

ℋπ
I =

g
fπ

q̄γγ5(∇M)q, fπ = 132 MeV

• Assume Y has a valence quark composition , then:[cu][c̄ū] or [cd][c̄d̄]

• the photon is emitted from the light quark or antiquark:
,                              


• pionic decay arises from the elementary transitions


•  (and similar for π- and π0)

• the pion couples to the axial current:                                       

where M is the meson SU(3) matrix 


• The same transitions are operative in


   ( ) 

and  ( )

q → q + γ, same for q̄

u → d π+ or d̄ → ū π+

D* → γ/π + D ΔL = 0
D1 → π D* ΔL = 1
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compared to


• 


•  
D* → Dπ : g ∼ 0.56
D1 → D*π : g = 0.61 ± 0.8

• the ratio depends only on g ( the 

dependence upon wave functions cancel out)

RΓ =
Γ(Y4230) → π0Zc(3900))
Γ(Y(4230) → γX(3872))

• setting: 





we find:

RΓ = Rσ =
σ(e+e− → π0Zc(3900)0 → π0(DD̄* + c . c.)0)

σ(e+e− → γX(3872))
∼ 14

Y → πZ/γX : g = 1.0 +0.6
0.3

Not so different ! 
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Charge conjugation for SU(3) nonets
•A charge conjugation quantum number can be given to each self conjugate 
SU(3) multiplet according to


 


• η is the sign taken by neutral members, but it can be attributed to all 
members of the multiplet. 


•  η =-1 is given to the electromagnetic current  while  


• In the exact SU(3) limit, η is conserved in strong and electromagnetic decays. 

• Selection Rules: exact SU(3) or first order in ms-mu


• Y Decay:      

 ,  


• Zcs, Xcs decay:

, 


𝒞T𝒞 = ηTT̃, T̃ = transpose matrix, ηT = ± 1

ηY = − 1, ηK,π = + 1

ℋI ∝ Tr[Y[M, X]] (ηX = + 1) ℋI ∝ Tr[Y{M, Z}] (ηZ = − 1)

ℋI = λμ ψ (Tr{Z, M}) ([μ] = mass) = λ μ [Z−
cs (ψK+) + c . c.]

ℋI = λ iψ Tr([ϵ8[X, M]) ∼ λ (ms − mu) i[X−
cs (ψK+) − c . c.]

19
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Isospin and Flavour SU(3) Selection Rules

    Isospin:

•  ;

• ;


• , same for ;


   SU(3)


• ;


•The decay  is allowed in the exact SU(3) limit                  


• The decay  may occur to first order in SU(3) symmetry breaking

Y(I = 0) ↛ π±,0X∓,0

Y(I = 1) → π+X− − π−X+

Y(I = 0) → π+Z−
c + π−Z+

c + π0Z0
c Z′￼c

Y(I = 0,1) or Y([cs][c̄s̄]) → (K+X−
cs − c . c.) and (K+Z−

cs + c . c.)
Zcs → J/ψ K

Xcs → J/ψ K

20
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    Isospin:

•  ;

• ;


• , same for ;


   SU(3)


• ;


•The decay  is allowed in the exact SU(3) limit                  


• The decay  may occur to first order in SU(3) symmetry breaking

Y(I = 0) ↛ π±,0X∓,0

Y(I = 1) → π+X− − π−X+

Y(I = 0) → π+Z−
c + π−Z+

c + π0Z0
c Z′￼c

Y(I = 0,1) or Y([cs][c̄s̄]) → (K+X−
cs − c . c.) and (K+Z−

cs + c . c.)
Zcs → J/ψ K

Xcs → J/ψ K

20

BES III should see in his spectrum two more Zcs :

 Zcs(4003) and the Zcs associated to the nonet of Zc(4020)
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10

(a)

(b)

s̄

b̄
c̄

q′ = u, d, s
[c̄q̄′ ]

q = u, d, s
M = (s̄q) = K+, K0, ϕ

[cq′ ]c
diagonal Tetraq . only = Xu, d, s

s̄

b̄
c̄

q′ = u, d, s
[c̄q̄′ ]

q = u, d, s [cq]

M = (s̄q′ ) = K+, K0, ϕc
non − diagonal Tetraq . possible = Xud̄,us̄,…

B+ → K+ + Xu/Xd /Xs
B+ → ϕ + Xus

e.g.

The LHCb way

21

L. Maiani, A. D. Polosa and V. Riquer

Originate from the weak decay: 
b̄ → c̄ + (c + s̄)

The strange antiquark 
may form a meson 
with

(a) the spectator quark

(b) a quark from the 

sea


diagonal tetraqs. are 
formed with K+

strange tetraqs. with ϕ

•The main process: 

•B decays into meson + tetraquark are described by two quark diagrams:

B+ → K+ ϕ J/Ψ



TD Lee Institute, April2 , 2021 L. Maiani. SU(3) symmetry and tetraquarks /33
10

(a)

(b)

s̄

b̄
c̄

q′ = u, d, s
[c̄q̄′ ]

q = u, d, s
M = (s̄q) = K+, K0, ϕ

[cq′ ]c
diagonal Tetraq . only = Xu, d, s

s̄

b̄
c̄

q′ = u, d, s
[c̄q̄′ ]

q = u, d, s [cq]

M = (s̄q′ ) = K+, K0, ϕc
non − diagonal Tetraq . possible = Xud̄,us̄,…

B+ → K+ + Xu/Xd /Xs
B+ → ϕ + Xus

e.g.

The LHCb way

21

L. Maiani, A. D. Polosa and V. Riquer

Originate from the weak decay: 
b̄ → c̄ + (c + s̄)

The strange antiquark 
may form a meson 
with

(a) the spectator quark

(b) a quark from the 

sea


diagonal tetraqs. are 
formed with K+

strange tetraqs. with ϕ

X has been abundantly seen

Is there a selection rule discriminating Z nonet vs X’s ?

•The main process: 

•B decays into meson + tetraquark are described by two quark diagrams:

B+ → K+ ϕ J/Ψ
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The  puzzleX±

•  and  must exist, not far from 3872 MeV !

•expected decays:  

•the first channel may be below thresold, the second must exist

• There is only a very old limit by BABAR:





• From more recent data on B+, B0 and B0s decays, we derive the bounds





• Can we afford a new try?

X+([cu][c̄ū]) X−

X+ → D0D̄*+ + c . c . , J/Ψ + π+π0

R−
2π =

Br(B0 → K+X(3872)− → K+J/ψ π0π−)
Br(B0 → K0X(3872) → K0J/ψ π+π−)

< 1

0.05 < R−
2π =

Br(B0 → K+X(3872)− → K+J/ψ π0π−)
Br(B0 → K0X(3872) → K0J/ψ π+π−)

< 0.57

22

L. Maiani, A. D. Polosa and V. Riquer, Phys. Rev. D 102 (2020), 034017



T.D. Lee Institute, April  2, 2021 L. Maiani. SU(3) symmetry and tetraquarks /25

On the not so bright side… 

• : the decay  is strongly suppressed 

•rate would be OK if the signal comes from the next line, Y(4320): 
is it possible?

•the  resonance X(4274) is classified by LHCb as , 
but for color 3 diquarks, there may be only one , which is 
X(4140). Could there be also color 6 diquarks quarks as suggested 
in

(but no evidence color of color 6 diquarks from lattice calculations)

• Can we exclude that the X(4274) signal consists of two almost 

degerate lines with ?

Γ ∝ q5 Y(4230) → πZc(4020)

J/Ψ ϕ JP = 1+

JP = 1+

J+ = 0+, JP = 2+
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In conclusion….
•The existence  of exotic SU(3) flavour multiplets, with a characteristic 
scale of symmetry breaking is a distinctive prediction of compact 
tetraquarks.

•The newly found strange exotics are close in mass, like X(3872) and 
Zc(3900), and fit into their nonets: a clear score in favour.

•Decays:  are consistent with D* 
and D1 decays 

•   ???? needs clarification 

•Much remains to be done, to produce more precise data and to search for 
still missing particles, some with well defined mass and decay modes

•it is a tough order: more luminosity, better energy definition, detectors 
with exceptional qualities… a lot of work…

•a much closer exchange between theory and experiment is needed

•like the exchange that took place in the sixties and seventies, and led to 
the quark picture of mesons and baryons.

Y(4230) → γ X(3872) and π Z(3900)

Y → π Z(4020)

24
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Starting in 1957, a new 
generation of film 
Directors, in France 
and Italy, proposed a 
completely new way of 
making movies… 
the were called  
La Nouvelle Vague  
(The New Wave). 

Similarly, we assist now 
to the discovery of a 
completely New Wave 
of Exotic Hadrons…
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Starting in 1957, a new 
generation of film 
Directors, in France 
and Italy, proposed a 
completely new way of 
making movies… 
the were called  
La Nouvelle Vague  
(The New Wave). 

Similarly, we assist now 
to the discovery of a 
completely New Wave 
of Exotic Hadrons… Like La Nouvelle Vague  of film directors

 Let  us follow the Wave 
and face the challenges !!


