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Which is the correct structure ?



Use heavy ion collisions to determine the structure of the T,
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Why heavy ion collisions ?

Production of alarge number of heavy quarks

Observation is feasible:

Evidence for X(3872) in Pb-Pb Collisions and Studies of its Prompt
Production at \/syn=5.02 TeV

CMS Collaboration « Albert M. Sirunyan (Yerevan Phys. Inst.) et al. (Feb 25, 2021)
Published in: Phys.Rev.Lett. 128 (2022) 3, 032001 « e-Print: 2102.13048 [hep-ex]



A heavy ion collision
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Particles are produced during the transition
from the QGP to the hadron gas



Hadron production through coalescence

(taken from S.H. Lee)
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The coalescence model
ExHIC, Prog. Part.Nucl.Phys. (2017) arXiv:1702.00486
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Pb - Pb collisions at /s = 5.02 TeV

State N(4Q) (Tc) N(MOl) (TH)
TE 1840 x 107" 4.10 x 102
X (3872)[1.81 x 107* 7.50 x 102

Hundred times
more molecules |

Initial multiplicity changes in interactions in the hadron gas |

Tetraquarks and molecules interact differently |



Molecules: "quasi-free" model
Ho, Cho, Song, Lee, PRC (2018), arXiv:1702.00486
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Tetraquarks: interactions given by effective Lagrangians
Abreu, Navarra, Nielsen, Vieira, EPJC (2022), arXiv:2110.11145
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Tetraquarks: interactions given by effective Lagrangians
Abreu, Navarra, Nielsen, Vieira, EPJC (2022), arXiv:2110.11145
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Ling, Liu, Geng, Wang, Xie, PLB (2022), arXiv:2108.00947

Coupling constant and form factor from QCD sum rules
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Lagrangians -> Amplitudes -> Cross Sections
Abreu, Navarra, Nielsen, Vieira, EPJC (2022), arXiv:2110.11145
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QCDSR reduces the uncertainties |
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Tetraquarks: Thermal Cross Sections and Rate Equation

Abreu, Navarra, Vieira, PRD (2022), arXiv:2202.10882
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Molecules: Thermal Cross Sections and Rate Equation
Ho, Cho, Song, Lee, PRC (2018), arXiv:1702.00486
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Multiplicities
Abreu, Navarra, Vieira, PRD (2022), arXiv:2202.10882
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Difference of multiplicities decreases but remain large !



Estimating the
system size dependence



System size and number of charged particles
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System size and freeze-out time
Le Roux, Navarra, Abreu, PLB (2022), arXiv:2101.07302
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Evolution stops later !



System size and the volume for the initial production
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System size and number of charm quarks
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Initial multiplicities
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We find: N4q x N6.6 Nm X N6.6
Multiplicties grow fast with the system size !

In the same way for molecules and tetraquarks !



Conclusions

“Pure” molecules versus "pure” tetraquarks

QCDSR are effective in reducing the uncertainties

At hadronization the difference of multiplicities is large (~ 100)

After the hadron gas phase the difference of multiplicities remains large !

Difference seems to remain the same for smaller systems |



