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Tetraquarks: Successes & Mysteries

Luciano Maiani, CERN


starring: 

• BABAR, BELLE, LHCb, BES II/III 

• theorists (not many) aficionados to hadron spectroscopy
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Abstract.

• Introducing quarks to describe the known mesons  and baryons  , Murray Gell-Mann, in 

1964, suggested the existence of  further  mesons (tetraquarks) and   baryons 
(pentaquarks). The first unexpected hadron, the , was discovered by BELLE in 2003, 
confirmed by BABAR and seen in many other High Energy experiments. Since then, a wealth of 
Exotic Hadrons have been observed, mesons and baryons that cannot be described by the classical 
Gell-Mann configurations. 


• I illustrate the attempts to understand the structure of Tetraquark Exotic Hadrons by the  the laws 
of Quantum Chromodynamics, QCD. Observations by BABAR, BELLE, LHCb, BES II/III of 
tetraquarks with different flavours lead to definite predictions about the missing particles needed to 
complete SU(3) flavour mutiplets, whose observation would provide a critical test of the present 
ideas about the dynamics of Exotic Hadrons.
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QCD αs(Mz) = 0.1185 ± 0.0006

Z pole fit  
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 1. QCD, Asymptotic Freedom and Heavy Quarks

• At distances of order  , QCD interaction is already reduced, to allow 
perturbation theory to be, at least, a good guide.


• This  is what makes Charmonium Spectrum calculable, as anticipated by 
Appelquist and Politzer 

M−1
c,b
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T. Appelquist and H. D. Politzer, Phys. Rev. Lett. 34 (1975) 43 
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• At distances of order  , QCD interaction is already reduced, to allow 
perturbation theory to be, at least, a good guide.


• This  is what makes Charmonium Spectrum calculable, as anticipated by 
Appelquist and Politzer 
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Heavy quarks (  ):

• inclusive decays are calculable like deep inelastic processes;

•  bound states involve short distance forces: a calculable spectrum of 

charmonia/bottomonia;

• inside hadrons,  pairs are not easily created or destroyed: a hadron 

decaying into  indicates a valence  pair

•  heavy-quark counting is possible.

mQ > > ΛQCD

cc̄ or bb̄

cc̄ or bb̄
J/Ψ or Υ + … cc̄ or bb̄

T. Appelquist and H. D. Politzer, Phys. Rev. Lett. 34 (1975) 43 
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2. Unanticipated charmonia X, Y, Z… and more
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• Z, e.g. Z(4430): typically , charged or neutral, 4 valence quarks 
manifest, mostly seen to decay in Ψ+ π and some in hc(1P) +π  (valence quarks: 

); Zb observed ( ).

JPC = 1+−

cc̄ud̄ bb̄ud̄

• X, e.g. : neutral, typically seen in 
, positive parity, 


• Y, e.g. Y(4260): neutral, seen in e+e- annihilation 
with Initial State Radiation (ISR): 

X(3872)
Ψ + 2 π JPC = 0++, 1++, 2++

 , therefore ,e+e− → e+e− + γISR → Y + γISR JPC = 1−−

• Unanticipated, hidden charm/beauty resonances not 
fitting in predicted charmonium/bottomonium spectra 
have been observed.
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2. Unanticipated charmonia X, Y, Z… and more
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A new wave of Exotic Hadrons from 2015:

• Hidden charm pentaquarks, ; 

• Hidden charm and Hidden strangeness (LHCb), e.g.  , 


• 4 charm tetraquarks seen as di-  resonances( LHCb), 

• Hidden charm- Open strangeness ,:  (BES III)  and 


 (LHCb).

• Double charm  tetraquark:   (valence quarks: ) by LHCb.

𝒫 → J/Ψ + p
X(4140) → Ψ + ϕ JPC = 1++

Ψ X(6900) → Ψ + Ψ → 2(μ+μ−)
(cc̄us̄) Z+

cs(3985) → Ψ + K+

Z+
cs(4003) → Ψ + K+

𝒯+
cc(3875) → D0D0π+ ccūd̄

• Z, e.g. Z(4430): typically , charged or neutral, 4 valence quarks 
manifest, mostly seen to decay in Ψ+ π and some in hc(1P) +π  (valence quarks: 

); Zb observed ( ).

JPC = 1+−

cc̄ud̄ bb̄ud̄

• X, e.g. : neutral, typically seen in 
, positive parity, 


• Y, e.g. Y(4260): neutral, seen in e+e- annihilation 
with Initial State Radiation (ISR): 

X(3872)
Ψ + 2 π JPC = 0++, 1++, 2++

 , therefore ,e+e− → e+e− + γISR → Y + γISR JPC = 1−−

• Unanticipated, hidden charm/beauty resonances not 
fitting in predicted charmonium/bottomonium spectra 
have been observed.
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 Expected and Unexpected Charmonia in 2015
figure by:

S. L. Olsen (2015)

 arXiv:1511.01589
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 Expected and Unexpected Charmonia in 2015

1st Unexpected (BELLE, BaBar, 2003)

figure by:

S. L. Olsen (2015)

 arXiv:1511.01589
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 Expected and Unexpected Charmonia in 2015

2nd Unexpected (BELLE, 2207; 

doubts by BaBar; confirmed by 

LHCB, 2014) 

first charged, a radial excitation?

1st Unexpected (BELLE, BaBar, 2003)

figure by:

S. L. Olsen (2015)

 arXiv:1511.01589
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. If interpreted as 
a new particle, it is unusual in that it 
carries an electric charge and couples 
to charmonium. 
BESII, Phys. Rev. Lett. 110 (2013) 
252001

Zc(3990) → π±J/Ψ

... carries an electric 
charge and couples to charmonium.

BESII, Phys. Rev. Lett. 111 (2013) 
242001

Zc(4020) → π±hc



L. Maiani. Successes & MisteriesITP, Beijing, 24/10/2024 4

 Expected and Unexpected Charmonia in 2015

2nd Unexpected (BELLE, 2207; 

doubts by BaBar; confirmed by 

LHCB, 2014) 

first charged, a radial excitation?

1st Unexpected (BELLE, BaBar, 2003)

recent additions:

more than coincidence?


or

an almost filled multiplet?

3rd Unexpected (BES III, 2013):

ground state Tetraquarks with X(3872)?

figure by:

S. L. Olsen (2015)

 arXiv:1511.01589
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to charmonium. 
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252001

Zc(3990) → π±J/Ψ

... carries an electric 
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 Exotics: More flavours
•  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 could bind them as hadron 
molecules made by color singlet mesons


• molecular models applied to the new hadrons have to stand 
on the existence of  “phenomenological forces” with 
undetermined parameters


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

J/Ψ ϕ di − J/Ψ

([cq]3̄[c̄q̄′￼]3)1

5

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 

LHCb (2016):  (2016)Ψ ϕ resonances

B+ → K+ + X(4140) → K+ + ϕ Ψ, etc .
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LHCb (2021): B → Ψ + K+ + ϕ → Zcs(4003) + ϕ

BES III(2021): e+e− → K+ + Z−
cs(3985) → K+(D*s D0 + D−

s D*0)

Results of fit: m(J/ψφ) 

28 Recontres de Blois, June 2, 2016
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LHCb (2021): B → Ψ + K+ + ϕ → Zcs(4003) + ϕ
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cs(3985) → K+(D*s D0 + D−
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Results of fit: m(J/ψφ) 
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36 

n    4 visible structures fit with BW amplitudes 

}X0 

 

m=4147 MeV 
Γ=80 MeV 

Preliminary 

LHCb (2016):  (2016)Ψ ϕ resonances

B+ → K+ + X(4140) → K+ + ϕ Ψ, etc .

PdG: The incompatible values for the widths reported by AAIJ 2021E and ABLIKIM 2021G could either 
indicate the existence of two separate states or possibly be explained in a coupled channel model (see 
ORTEGA 2021
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No consensus, yet 

6

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>
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D 89 (2014) 114010.
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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>

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)



L. Maiani. Successes & MisteriesITP, Beijing, 24/10/2024

No consensus, yet 

6

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>

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)

Contact interactions in Chiral Perturbation Theory
Z. H. Zhang et al.,  JHEP 08 (2024) 130 see later



L. Maiani. Successes & MisteriesITP, Beijing, 24/10/2024

No consensus, yet 

For a review, see: 

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

Contact interactions in Chiral Perturbation Theory
Z. H. Zhang et al.,  JHEP 08 (2024) 130 see later
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X[c̄ū][cd] X[c̄ū][cu], X[c̄d̄][cd]

X[c̄s̄][cs]

X[c̄ū][cs]

X[c̄s̄][cd]

3. Hidden Charm Tetraquarks form  nonets of flavor SU(3) with mass 
differences determined by the quark mass difference 

 with Zcs(3082), Zcs(4003), Zcs(4220) we can almost fill three 

tetraquark nonets with the expected scale of mass differences 

ms − mu,d
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• Octet particles can be also represented in function of 
the total number of   quarks; 


• octet breaking implies the equal spacing rule of the 
masses in the ladder.  

s or s̄

3. Hidden Charm Tetraquarks form  nonets of flavor SU(3) with mass 
differences determined by the quark mass difference 

 with Zcs(3082), Zcs(4003), Zcs(4220) we can almost fill three 

tetraquark nonets with the expected scale of mass differences 

ms − mu,d
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3. Three nonets: 2 solutions 

8

L. Maiani, A. D. Polosa and V. Riquer, Sci. Bull. 66 (2021), 1616, arXiv:2103.08331

JPC = 1++

X(3872)

Predicted (2017):

X(4140) + X(3872)

2
= 4006

X(4140)

Zcs(4003)
LHCb

Solution 1
JPC = 1+−

Z(3900)

Z([c̄s̄][[cs])???

Zcs(3982)??

BES II

BES III



L. Maiani. Successes & MisteriesITP, Beijing, 24/10/2024

3. Three nonets: 2 solutions 

8

L. Maiani, A. D. Polosa and V. Riquer, Sci. Bull. 66 (2021), 1616, arXiv:2103.08331

JPC = 1+−

LHCb
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Z′￼(4020)

Z′￼([c̄s̄][[cs])???

Zcs(4220)??

BES II

JPC = 1++

X(3872)

Predicted (2017):

X(4140) + X(3872)

2
= 4006

X(4140)

Zcs(4003)
LHCb

Solution 1
JPC = 1+−

Z(3900)

Z([c̄s̄][[cs])???

Zcs(3982)??

BES II

BES III



L. Maiani. Successes & MisteriesITP, Beijing, 24/10/2024

3. Three nonets: 2 solutions 

8

L. Maiani, A. D. Polosa and V. Riquer, Sci. Bull. 66 (2021), 1616, arXiv:2103.08331

JPC = 1+−

LHCb

•There is a third nonet associated with Zc(4020), : a third Zcs is required, with 
Mass=4150 - 4170

•LHCb sees a Zcs(4220), : is it too heavy ?

•A bold proposal: two nonets mixing

JPC = 1+−

JP = 1+

Z′￼(4020)

Z′￼([c̄s̄][[cs])???

Zcs(4220)??

BES II

JPC = 1++

X(3872)

Predicted (2017):

X(4140) + X(3872)

2
= 4006

X(4140)

Zcs(4003)
LHCb

Solution 1
JPC = 1+−

Z(3900)

Z([c̄s̄][[cs])???

Zcs(3982)??

BES II

BES III



L. Maiani. Successes & MisteriesITP, Beijing, 24/10/2024

Missing particles to complete the hidden charm nonets, 
JP = 1+

9

X[c̄s̄][cs]

X[c̄ū][cs]


X[c̄ū][cu]
X[c̄d̄][cd]

X[c̄ū][cd]

The shopping list towards completion of the 

hidden charm nonets (for Solution 1)


• two :


 and 

with decays:  (threshold: )

• the  I=1 partner of X(3872), with decay:  


 with the bounds:


   

X[c̄s̄][cs], expected at

M ∼ 4170 for Zc(3900) M ∼ 4290 for Zc(4020)
ηψ, ηc ϕ, D*s D̄s 4080 MeV

X+ → J/ψ ρ± → J/ψ π+π0

0.057 < R (0+,00)
2π =

Γ(B0 → K+X− → K+ψ π0π−)
Γ(B0 → K0X(3872) → K0ψ π+π−)

< 0.50

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


 (aka )J/ψ + f0(500) σ(500)

L. Maiani, A. D. Polosa and V. Riquer, Phys. Rev. D 102 (2020) 034017
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X[c̄s̄][cs]

X[c̄ū][cs]


X[c̄ū][cu]
X[c̄d̄][cd]

X[c̄ū][cd]

The shopping list towards completion of the 

hidden charm nonets (for Solution 1)


• two :


 and 

with decays:  (threshold: )

• the  I=1 partner of X(3872), with decay:  


 with the bounds:


   

X[c̄s̄][cs], expected at

M ∼ 4170 for Zc(3900) M ∼ 4290 for Zc(4020)
ηψ, ηc ϕ, D*s D̄s 4080 MeV

X+ → J/ψ ρ± → J/ψ π+π0

0.057 < R (0+,00)
2π =

Γ(B0 → K+X− → K+ψ π0π−)
Γ(B0 → K0X(3872) → K0ψ π+π−)

< 0.50

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


 (aka )J/ψ + f0(500) σ(500)

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

Only few particles are missing, in well defined mass regions 
and with identified decay modes.
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4. Single charm tetraquarks, with three SU(3)-flavour 
light mesons: the case of JP = 0+

• In a recent lattice QCD calculation the   configurations of 
possible bound states in the  channel are studied;


• the  allowed  channels are those appearing as irreducible 
components of the tensor product





• Yeo et al. find attraction in .

SU(3)flavor
D̄K, JP = 0+,

SU(3)flavor

D̄K = 3 ⊗ 8 = 3 ⊕ 6̄ ⊕ 15

3 and 6̄ but not in 15

10

L.Maiani, A. Polosa, V.Riquer, Phys. Rev. D 110 (2024) 034014 

J. D. E.Yeo et al., JHEP 07 (2024) 012
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possible bound states in the  channel are studied;


• the  allowed  channels are those appearing as irreducible 
components of the tensor product





• Yeo et al. find attraction in .

SU(3)flavor
D̄K, JP = 0+,

SU(3)flavor

D̄K = 3 ⊗ 8 = 3 ⊕ 6̄ ⊕ 15

3 and 6̄ but not in 15

10

L.Maiani, A. Polosa, V.Riquer, Phys. Rev. D 110 (2024) 034014 

J. D. E.Yeo et al., JHEP 07 (2024) 012

• Consider now four-quark mesons in the simplest diquark-antidiquark model restricting to all 
spin zero case: 


,             


• The product  is antisymmetric in spin (to get total spin 0) and color (to obtain a ).


• Fermi statistics: quarks in the light diquark must be antisymmetric in flavour, i.e must be in a 
 of . 


• combining with the light antiquark , the tetraquark must be in a  multiplet:  
 , no 


       in agreement with the lattice indication.

[c̄q̄]3
Sc3

[q1q2]3̄
S12

Sc3 = S12 = 0; JP = Sc3 + S12 = 0+

[q1q2]3̄
S12=0 3̄c

3̄ SU(3)flavor
q̄ ∝ 3̄ SU(3)flavor

3̄ ⊗ 3̄ = 3 ⊕ 6̄ 15
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, Open Charm and Strangeness Tetraquarks: what do 
we know ?

JP = 0+

• We can restrict to particles with Charm C=-1(C=+1 particles obtained by CPT 
symmetry), i.e. with quark composition: uncharmed quarks/antiquarks.  PdG 
reports 4 entries with :


• , observe decay: : I=0 ?

quark composition: 


• , required by LHCB for the full amplitude analysis of 

quark composition 


• alias, in LHCB notation, 



 Decays:   , 

c̄+
JP = 0+

D*s0(2317)± D*s0(2317)− → D−
s + π0

D*−
s0 = (c̄sqq̄), (q = u, d)

X(2900)0 B+ → D+D−K+

X(2900)0 = (c̄s̄ud)
T*cs̄0(2900)−−,0, I = 1, (I3 = − 1, + 1),

D−−
s0 (2900), D0

s0(2900)
D−−

s0 (2900) → D−
s π− (c̄sūd) D0

s0(2900) = D−
s π+ − (c̄sd̄u)

11
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• The lightest particle  goes in the basic  multiplet. 

• However are too heavy to be included in the same  multiplet:


 

is similar to the mass gaps:




• We interpret the LHCb resonances as the first radial excitations of the basic 

 multiplet, to be allocated in a different  multiplet.

D*s0(2317) 3 ⊕ 6̄
X and T* 3 ⊕ 6̄

M(2900) − M(2317) = 583 MeV

M(J/Ψ) − M(J/Ψ′￼) = 590 MeV, M(X(3872) − M(Z(4430)) = 558 MeV

D*s0(2317) 3 ⊕ 6̄ (n = 2)
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5. Quantum numbers and Mass Formulae for 

 [c̄q̄]3

Sc3=0[q1q2]3̄
S12=0

12

The  representation in the  plane:3 ⊕ 6̄ I3 − S



L. Maiani. Successes & MisteriesITP, Beijing, 24/10/2024

Mass formulae with octet symmetry breaking of SU(3)flavor

•  contains rep.  only once and the same for 
 


• in both representations, octet symmetry breaking 
is proportional to Strangeness and the mass 
formulae are:





6 ⊗ 6̄ 8
3̄ ⊗ 3

M6̄ = m6̄ + α(S + 1);
M3 = m3 + β(S + 1);

13

• octet breaking produces a mixing  with a matrix:


• the same matrix for  mixing.
S13 − T2

S23 − T1
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•  contains rep.  only once and the same for 
 


• in both representations, octet symmetry breaking 
is proportional to Strangeness and the mass 
formulae are:





6 ⊗ 6̄ 8
3̄ ⊗ 3

M6̄ = m6̄ + α(S + 1);
M3 = m3 + β(S + 1);

13

• Quark model requires: 

(i) all S=-1 states to have about the same mass ( ): they have the same quark 
composition (like  mesons) 

(ii) : for the mixing matrix to be diagonalized by  (analogous to  
mixing)  

m6̄ = m3 = M
ρ − ω

α = β (S13 ± T2)/ 2 ω − ϕ

• octet breaking produces a mixing  with a matrix:


• the same matrix for  mixing.
S13 − T2

S23 − T1
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 & Fermi Statistics appear in Single Charm Baryons6 ⊕ 3̄

14
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Ω0
c

I = 1 ↔ spin = 1, (Σ0,+,++
c )

I = 0 ↔ spin = 0 (Λ+
c )

q, q′￼: color = 3 ⊗ 3 → 3̄
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 & Fermi Statistics appear in Single Charm Baryons6 ⊕ 3̄

14

Ω0
c

I = 1 ↔ spin = 1, (Σ0,+,++
c )

I = 0 ↔ spin = 0 (Λ+
c )

q, q′￼: color = 3 ⊗ 3 → 3̄

The masses of spin 1 diquarks in the  
increase linearly with Strangeness, i.e. 
with the number of strange quarks: 

6

M(Ωc) − M(Σc) ≃ 270 MeV
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• Exact equality  corresponds to : same masses at the upper 
vertex and lower corners of the triangle in the figure. 


• In this case, symmetry breaking is restricted to the mass difference between the two 
 multiplets  induced by the   mixing and of order , 

with all other masses degenerate at M.

• A small, non vanishing  value of   arises from differences in the hyperfine 

interactions, which are between different pairs in the two cases.

M(S33) = M(S11) α = 0

S = 0, I = 1/2 3 − 6̄ δ ∼ 2(ms − mq)

α

A remarkable regularity

15

• Like the masses of single charm mesons, the masses  of single charm 
tetraquarks are equally spaced in Strangeness, with a slope given by 
the parameter .


• However, unlike charmed baryons, the lower indices in  
correspond to the quark-diquark antisymmetric configuration 

, while the  lower indices in  correspond to ,

α
S11

ū ⊗ [ds]A S33 s̄ ⊗ [ud]A

which have obviously the same content in quark masses, two light and one heavy.  

Note: In charmed baryons, two light quarks in spin one are in a  representation. In this 
case, indices 1 or 3 correspond univocally to u or s quarks.  Group theory disentangles 
efficiently the ambiguity in these two  representations making use of the parameter  
allowed by the Wigner-Eckart theorem.

6

6 α
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A “Constituent Diquark-Antidiquark Model”

16

——-

——- ——-

• We define ``complete diquark masses" which include the hyperfine interaction appropriate to 
diquarks with spin =0, e.g.





• Charmed diquark masses and hyperfine interactions are taken from the masses of hidden 
charm (X(3872), etc.), hidden charm and strangeness (X(4140), etc.) 


• and the masses of uncharmed, spin 0 diquarks from the, not so well determined, masses of the 
light scalar mesons  (see errors in Tab).

Mcq = Mcq −
3
2

κcq, etc.; Mcq = Mc̄q̄

f0(500) and f0(980)

L. Maiani et al., Phys. Rev. D 89 (2014), 114010 [arXiv:1405.1551 [hep-ph]]; 

Phys. Rev. D 94 (2016) , 054026 [arXiv:1607.02405 [hep-ph]]. 

R. L. Jaffe, Phys. Rev. D 15 (1977), 281 
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Phys. Rev. D 94 (2016) , 054026 [arXiv:1607.02405 [hep-ph]]. 

R. L. Jaffe, Phys. Rev. D 15 (1977), 281 

M(S12) = M(T3) = Mcu + Msd = 2367 ± 10 MeV

M(T−) = Mcu + Mud = 2177 ± 100 MeV

M(T+) = Mcs + Msd = 2525 ± 10 MeV

M(S33) = Mcs + Mud = 2335 ± 100 MeV

D*cs0(2317)

Note:  M(S33) ∼ M(S12)
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[c̄s̄][su](2525 ± 10) → D̄−
s K0, D̄0η

[c̄d̄][ud](2177 ± 100) → D̄π

 5. The missing partners of the lightest charm-strange 
tetrquark yet observed :  D*cs0(2317) → D̄−

s π0

17

In red the missing S=0 states and 
their estimated masses. Expected 
decay modes:


predict. = 2367 ± 10 MeV
+ a second state
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[c̄s̄][su](2525 ± 10) → D̄−
s K0, D̄0η

[c̄d̄][ud](2177 ± 100) → D̄π

 5. The missing partners of the lightest charm-strange 
tetrquark yet observed :  D*cs0(2317) → D̄−

s π0

17

•  has I=0 (PdG) and it should decay into , which however is 
forbidden by phase space.  


• There are two independent mechanisms for the observed decay, both related 
to the  mass difference: mixing  , or mixing.


• Interesting to observe the decay , quoted in PdG with the upper bound 
, to compare with  via a virtual . 

D*−
s0 (2317) D̄−

s η

D̄−
s π0

md − mu ∼ 5 MeV T3 − S12 η − π0

D*s0 → D̄sγγ
B(γγ) < 0.18 D*s0(2317) → D−

s η* → D−
s γγ η

In red the missing S=0 states and 
their estimated masses. Expected 
decay modes:


predict. = 2367 ± 10 MeV
+ a second state
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The n=2 multiplet:

(i) in black the resonances observed by LHCb; 

(ii) in red the missing S=0 states and their 

estimated masses (indicative only) . 

(iii) expected decay modes:





 

[c̄s̄][sd](n=2)(3050) → D̄−η, D̄−
s K0, D̄*−ϕ, …

[c̄ū][ud](n=2)(2750), [c̄d̄][ud](n=2) → D̄π, …

6.   The  (n=2) radially excited multiplet3 ⊕ 6̄

18

•  observed by LHCb 


• We interpret the LHCb resonances as the first radial excitations  of the basic 
 multiplet.

X0(2900) and D0
s0(2900), D++

s0 (2900)

(n = 2)
D*s0(2317)

 R. Aaij et al. [LHCb], Phys. Rev. D 102 (2020), 112003 X0(2900)  R. Aaij et al. [LHCb], Phys. Rev. Lett. 131 (2023) 041902; D0,++
s0 (2900)

[c̄d̄]S=0[su]S=0[c̄ū]S=0[sd]S=0

[c̄s̄]S=0[ud]S=0
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X0(2900) and D0
s0(2900), D++

s0 (2900)

(n = 2)
D*s0(2317)

• Mass degeneracy between  (S=+1) and  (S=-1) is the footprint of 
the tetraquark compositions:  

X0(2900) D−−,0
s0 (2900)

[c̄s̄]0[ud]0 and [c̄ū]0[sd]0

 R. Aaij et al. [LHCb], Phys. Rev. D 102 (2020), 112003 X0(2900)  R. Aaij et al. [LHCb], Phys. Rev. Lett. 131 (2023) 041902; D0,++
s0 (2900)

[c̄d̄]S=0[su]S=0[c̄ū]S=0[sd]S=0

[c̄s̄]S=0[ud]S=0
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n=1 and 2 multiplets (summary)

19

• Using  symmetry breaking we obtain mass predictions for the missing 
partners of . 


• The observation that 




suggests that the multiplet we discuss could be the radial excitation of the lower 
multiplet containing the , in a similar way in which  is interpreted as 
a radial excitation of .  

SU(3)flavor
D*s0(2317)

M(2900) − M(2317) = 583 MeV ≃ M(ψ(2S)) − M(ψ(1S))

D*s0(2317) Z(4430)
X(3872)
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n=1 and 2 multiplets (summary)

19

• The resonances  recently discovered by LHCb nicely fit 
in a  representation of  . 


• Missing states: 

(i) the very likely  , to fill an isotriplet with 

(ii) its (almost degenerate)  partner;

(iii) two other  I=1/2 tetraquark multiplets of composition: 

 of predicted masses and decay modes.

D−−,0
s0 (2900) and X0(2900)

6̄ ⊕ 3 SU(3)flavor

D−
s0(2900)(I3 = 0, I = 1) D−−,0

s0 (2900)
(I3 = 0, I = 0)

[c̄s̄][sd] + (d → u) and [c̄ū][ud] + (ū → d̄)

• Using  symmetry breaking we obtain mass predictions for the missing 
partners of . 


• The observation that 
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a radial excitation of .  
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D*s0(2317)
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D−−,0
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• Using  symmetry breaking we obtain mass predictions for the missing 
partners of . 


• The observation that 




suggests that the multiplet we discuss could be the radial excitation of the lower 
multiplet containing the , in a similar way in which  is interpreted as 
a radial excitation of .  

SU(3)flavor
D*s0(2317)

M(2900) − M(2317) = 583 MeV ≃ M(ψ(2S)) − M(ψ(1S))

D*s0(2317) Z(4430)
X(3872)

• Our results are in agreement with a recent lattice calculation showing that in the 
 scattering there is no attraction in the  representation, something which is 

expected in the quark model description we present here. 
D̄K 15



L. Maiani. Successes & MisteriesITP, Beijing, 24/10/2024

7. Heavy particle spin conservation and Fermi Statistics 
of light quark pairs: QCD tetraquarks vs hadron 

molecules
• For molecular  tetraquarks treated in Chiral Perturbation Theory, the light quark total 

spin is a separatly conserved quantity in the limit of very massive charm quark (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 
 . Noticeably, they include the I=1 partner of 

(c̄q)(q̄′￼c)

JPC
I = 0++

I , 1+−
I , 1′￼+−

I , 1++
I , 0′￼++

I , 2++
I

JPC
I

[cq]3̄[c̄q̄′￼]3 X(3872), i.e. X+

20

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

Z. H. Zhang et al.,  JHEP 08 (2024) 130
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Z. H. Zhang et al.,  JHEP 08 (2024) 130

• Concerning Fermi Statistics, the situation for the molecular structure  is 
different  with respect to diquark-antidiquark situation.


•  , sit in different color singlets and the color of the pair  is not 
determined (in fact it is a superposition of  ). There is no definite restriction to 
their behaviour under flavor exchange and no forbidden  .

(c̄q1)(s̄q2)

q1 and q2 q1 ⊗ q2
3̄c and 6c

15
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A message in the bottle (following interesting 
ongoing discussions…)

• If so, the  should belong to the same octet as 
.


• Can the  be a “virtual state pole of the scattering matrix” (Zhang et al.) and 
at the same time make an SU(3) octet together with normal resonances like

 or    

 ????

X+, JPC = 1++

Zcs(4003) or X(4140)

X+

X(4140) (a J/Ψ − ϕ resonance) Zcs(4003)(a J/Ψ − K resonance)

21

JPC
I = 0++

I , 1+−
I , 1′￼+−

I , 1++
I , 0′￼++

I , 2++
I

• The I in the subscript of the spin states of hidden charm 
“molecules” can be extended, in general, to SU(3)-flavour

• Alternatively: are all exotic states just  “cusps” at the meson-meson 
thresholds?


• What about Z(4430), far from any threshold, with its Argand plot observed 
by LHCb ?
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a closer look

22

The  scattering parameters are obtained from the Lippmann-Schwinger equationD̄*D

• To find the form of V in   consider the cases of:






and find the SU(3) form of the vertex:  

SU(3)f
X− = D*− ⊗ D̄0 + D− ⊗ D̄*0, [(c̄d) ⊗ (cū), S = 0, I3 = − 1]
Z−

cs = D*−
s ⊗ D̄0 + D−

s ⊗ D̄*0, [(c̄s) ⊗ (cū), S = 0, I3 = − 1]

D̄* × M × D

Z. H. Zhang et al.,  JHEP 08 (2024) 130
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+ + 


+ 

ℒ = D̄*MD =

= D̄*0[K+Ds + (
η8

6
+

π0

2
)D0 + π+D−] D̄*+[K̄0D−

s + (
η8

6
−

π0

2
)D− + π−D0]

D̄*+
s [K−D0 + K0D− −

2η8

6
D−

s ]

23

X− :

= +

g2

6
< η8η8 >0 −

g2

2
< π0π0 >0

D*−

D̄0 D̄*0

D−
D*− D−

D̄0 D̄*0

D*− D−

D̄0 D̄*0

Z−
cs :

= +

−
g2

3
< η8η8 >0

D*−
s

D̄0 D̄*0

D−
sD*−

s D−
s

D̄0 D̄*0

D*−
s D−

s

D̄0 D̄*0
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6
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π0

2
)D0 + π+D−] D̄*+[K̄0D−
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η8

6
−

π0

2
)D− + π−D0]

D̄*+
s [K−D0 + K0D− −

2η8

6
D−

s ]

23

X− :

= +

g2

6
< η8η8 >0 −

g2

2
< π0π0 >0

D*−

D̄0 D̄*0

D−
D*− D−

D̄0 D̄*0

D*− D−

D̄0 D̄*0

Z−
cs :

= +

−
g2

3
< η8η8 >0

D*−
s

D̄0 D̄*0

D−
sD*−

s D−
s

D̄0 D̄*0

D*−
s D−

s

D̄0 D̄*0

Exact SU(3)f limit = −
g2

3
< MM >
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Lippmann Schwinger nucleus in the SU(3) limit ? 

24

• To be able to go to the limit of  exact, one-pion exchange for  is not enough.


•  What is the  formulation of the Lippman-Schwinger equation? 


• Do we have “virtual” and “real” poles in the same SU(3) multiplet, after symmetry 
breaking?

SU(3)f X−

SU(3)f
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X([c̄s̄][cs])??

cc ⊗ …
T+

cc, I = 0
LHCb

Doubly Charmed: J = 1+ : 3, J = 0+ : 6̄

Z(3900)+−0 BES II
Z, I=0??

Z′￼([c̄s̄][cs])??

X′￼([c̄s̄][cs])??

Zcs(4020)+−0

Z′￼, I=0??

Z′￼([c̄s̄][cs])??

Zcs(4220)??

LHCb

BES II

Hidden Charm. : 8 ⊕ 1

X(3872)

LHCb

Predicted (2017):

X(4140) + X(3872)

2
= 4006

BELLE

X(4140) LHCb

X, I = 1??

Zcs(4003) Zcs(3982)??

BESIII

X0(2900)
Single Charmed, JP = 0+ : 3 ⊕ 6̄

Ds0(2900)−− Ds0(2900)0



L. Maiani. Successes & MisteriesITP, Beijing, 24/10/2024

8. Final questions (to LHCb and BESIII)

• Are  two different states? is there a third  ?

• Can   near  be found in B decays?


• Can we find the missing partners of the  multiplet:







• LHCb has used efficiently the channel to study 
 of SU(3) nonet tetraquarks…


• Can the study of  channel be similarly used to study single charm 
tetraquarks of the interesting  multiplet ?


• Reconsider K-like states which decay into  (e.g. ), therefore unlikely to 
be  excited Kaons: could they be zero-charm   tetraquarks?

Zcs(3986) and Z(4003) Zcs(4220)
X+ X(3872)

6̄ ⊕ 3, (n=2)
[c̄s̄][sd](n=2)(3050) → D̄−η, D̄−

s K0, D̄*−ϕ, …
[c̄ū][ud](n=2)(2750), [c̄d̄][ud](n=2) → D̄π, …

B → (J/Ψ)ϕK + …
Xss(4140) etc.., and Zcs etc.

B → D̄sDϕ
[c̄s̄]S=1[ss]S=0, JP = 1+ 15 ⊕ 3, JP = 1+

Kϕ K1(2650)
(sq̄) [ūs̄][ss]

26

Hidden charm:

complete nonets ?

Open charm and strangeness:

Complete  ?3̄ ⊕ 6

Open strangeness ?
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• Tough orders: more luminosity, better energy definition, detectors with exceptional 
qualities… a lot of work…


• Close exchange between theory and experiments is essential and it has to 
continue.

Hidden charm:

complete nonets ?

Open charm and strangeness:

Complete  ?3̄ ⊕ 6

Open strangeness ?
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So much accomplished, and so much more left to do (Winston Churchill)

• Tough orders: more luminosity, better energy definition, detectors with exceptional 
qualities… a lot of work…


• Close exchange between theory and experiments is essential and it has to 
continue.

Hidden charm:

complete nonets ?

Open charm and strangeness:

Complete  ?3̄ ⊕ 6

Open strangeness ?


