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MESONIC SYSTEMS

Exotic hadrons and hadronic molecules

Tetraquarks

Compact tetraquark Meson-meson molecule

Hybrid mesons Glueballs ···
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Exotic configurationsConventional mesons

Hadronic molecules are deuteron-like quasi-bound states of two hadrons

ÅDynamically generated via multiple scattering of their hadronic components

ÅLocated near threshold

ÅStudied using effective hadronic theories: hadronic degrees of freedom
[APS/Alan Stonebraker ]
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Å 2003 : discovery of the first heavy exotica candidates (with at least one heavy quark, c or b) 

Heavy meson sector

Å Confirmed and extensively studied in electron-positron and proton-(anti)proton colliders (Belle, Babar, BESIII, CLEO, CDF, 

C0, LHCbé)

Å Their internal structure is still unknown (compact tetraquark, molecule, admixture?)

Å 2021 : first evidence for X(3872) production in Pb-Pb collisions by the CMS collaboration

Å Future femtoscopy measurements

[ arXiv:hep - ex/0309032]

[ arXiv:hep - ex/0304021]

CLEO

[ arXiv:hep - ex/0305100]
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[Phys. Rev. Lett., 128 (2022) 032001]

New opportunities to probe the nature of exotic states
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Theoretical tools to study QCD matter at high temperatures:

ÅPerturbative theories (very high    )

ÅLattice QCD

ÅNon-perturbative effective hadronic theories (below transition 

temperature     )
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Hot mesonic matter
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High-energy HICs

- LHC@CERN

- RHIC@BNL

[S Mukherjee/BNL]

Å Heavy quarks are created in the initial stage of the collision

Å Due to the large mass and relaxation time, heavy-flavor mesons are a powerful probe of the QGP

Å The properties of heavy mesons (masses and decay widths) are modified in hot matter
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High-energy HICs

- LHC@CERN

- RHIC@BNL

[S Mukherjee/BNL]

Å Heavy quarks are created in the initial stage of the collision

Å Due to the large mass and relaxation time, heavy-flavor mesons are a powerful probe of the QGP

Å The properties of heavy mesons (masses and decay widths) are modified in hot matter

Our approach :

Å Mesonic matter at temperature                      and vanishing baryon density mostly pions (thermal equilibrium)

Å Heavy mesons behave as Brownian particles scattering off the light mesons

Å New processes are available: production and absorption of thermal mesons
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Thermal effective field theory for heavy mesons (I)

Interaction between open heavy-flavor mesons and Goldstone bosons given by 

heavy-meson effective theory (HMET) (in vacuum)

ÅChiral symmetry in the limit 

ÅHeavy-quark symmetries in the limit

Heavy-quark spin-flavor symmetry (HQSFS):

[ Wise (1992), Burdman and Donoghue (1992), Casalbuoni , Deandrea, Di 
Bartolomeo et al (1997), Liu, Orginos , Guo, Hanhart and Meißner (2013), 

Tolos and Torres - Rincon (2013), Albaladejo, Fernandez - Soler, Guo and 
Nieves (2017), Guo, Liu, Meißner, Oller and Rusetsky (2019)]
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Thermal effective field theory for heavy mesons (I)

Interaction between open heavy-flavor mesons and Goldstone bosons given by 

heavy-meson effective theory (HMET) (in vacuum)

Lagrangian at NLO in the chiral expansion and LO in the heavy-quark mass expansion:

ÅChiral symmetry in the limit 

ÅHeavy-quark symmetries in the limit

Heavy-quark spin-flavor symmetry (HQSFS):

Tree-level scattering amplitude:

[ Wise (1992), Burdman and Donoghue (1992), Casalbuoni , Deandrea, Di 
Bartolomeo et al (1997), Liu, Orginos , Guo, Hanhart and Meißner (2013), 

Tolos and Torres - Rincon (2013), Albaladejo, Fernandez - Soler, Guo and 
Nieves (2017), Guo, Liu, Meißner, Oller and Rusetsky (2019)]

LECs  fitted to lattice QCD data

isospin coefficients

Recent results for         and           from femtoscopy

from ALICE at high multiplicity
At LO in HQSFS:

[Guo, Liu, Meißner, Oller and Rusetsky (2019)]
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Thermal effective field theory for heavy mesons (II)

Unitarization: on-shell Bethe-Salpeter equation in coupled channels

regularized with a 

momentum cut-off

Two-meson propagator or loop function
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Thermal effective field theory for heavy mesons (II)

Unitarization: on-shell Bethe-Salpeter equation in coupled channels

regularized with a 

momentum cut-off

Imaginary time formalism

ÅSum over Matsubara frequencies

Dressing of the mesons in the loop functions with their spectral functions

ÅSelf-energy corrections to the heavy meson propagator

ÅPion mass slightly varies below Approximation: only the heavy meson is dressed

Thermal production and absorption processes weighted by Bose-Einstein distribution functions

(bosons)

Two-meson propagator or loop function
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Set of coupled equations              solved self-consistently

Loop function

Unitarized amplitude

Self-energy

Spectral function

Thermal effective field theory for heavy mesons (III)
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Thermal loop function

Pionic bath

[GM, A. Ramos, L. Tolos , J.M. Torres - Rincon, Phys. Lett. B 806 (2020) 135464, Phys. Rev. D 102 (2020) 9, 096020]
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Thermal loop function

Pionic bath

Unitary cut

[GM, A. Ramos, L. Tolos , J.M. Torres - Rincon, Phys. Lett. B 806 (2020) 135464, Phys. Rev. D 102 (2020) 9, 096020]
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Thermal loop function

Pionic bath

Unitary cut

Landau cut

[GM, A. Ramos, L. Tolos , J.M. Torres - Rincon, Phys. Lett. B 806 (2020) 135464, Phys. Rev. D 102 (2020) 9, 096020]
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Ground-state spectral functions:

[GM, A. Ramos, L. Tolos , J.M. Torres - Rincon, Phys. Lett. B 806 (2020) 135464, Phys. Rev. D 102 (2020) 9, 096020]
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Ground-state spectral functions:

[GM, A. Ramos, L. Tolos , J.M. Torres - Rincon, Phys. Lett. B 806 (2020) 135464, Phys. Rev. D 102 (2020) 9, 096020]

Dynamically generated states:

We have also investigated 

the thermal modification of 

the        and bottom 

counterparts

Two-pole structure

Bound state

[Albaladejo et al., Phys.Lett.B 767 (2017) 465]

In vacuum 
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