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Are there compact Multiquark states ? 
• Short distance force < 0.5 fm ⇒ quark dynamics (Oka, Yazaki) 
• N- quarks in a compact configurations - quark model

• Color-Color interaction is no important for short range N-N interaction 
• Color-spin interaction for 2 body 
• Comparison with lattice (HAL QCD) – NN interaction 
• Possible compact Flavor exotics:          Probably molecular configurations:



Exotica production in HI collisions (ExHIC)

• Molecular vs Compact multi 
quark states production 

• X(3872) 2 quark vs compact 4 
quark

• Production yield and pT
dependence can discriminate 
structures !



But why no H dibaryon?

Many negative searches
• H dibaryon channel: Flavor 

breaking effect weakens 
attraction 

Nagara event: ΛΛ6He
• BΛΛ(ΛΛ6He) = 6.91±0.16 MeV

ALICE Collaboration, PLB 752, 267 (2016)



But why no H dibaryon?

Many negative searches
• H dibaryon channel: Flavor 

Breaking effect weakens 
attraction in Flavor 1

Sexaquark
• How could we have missed a stable 

particle made of quarks?
• S Same quark content as H-dibaryon, 

but different physics: not a loosely 
bound di-Λ

• looked for H-dibaryon through decays 
(but S is stable) 

• mainly restricted to mass > 2 GeV (but 
mS < 2 GeV) 

• Wave function overlap with baryons is 
very small

ALICE Collaboration, PLB 752, 267 (2016)
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Light ΛΛ hypernuclei predictions 



The puzzle of XYZ states



BESIII: two Zc triplets established



BESIII: direct access to Y states



BESIII: radiative transitions to X states



Coupled Channel Description of Charmed 
Exotica



Constraints on Neutron Stars EOS



Constraints on Neutron Stars EOS



Strange matter and exotica in NS

• Hyperon puzzle: an update due to 2 M_sun
constraint

• Hyperon puzzle: deconfinement solution

• Sexaquarks in CS matter?
• This induces a gravitational collapse !

For hadronic EoS at M ~ 0.7 M_sun
• Sexaquark dissociation



Formation and evaporation of strangelets
during the merger of two compact stars



Beyond Exotica: from a first order transition in 
QCD with up, down and strange quarks to a dark 
QCD matter scenario



Hagedorn States and (anti-)(hyper-)nuclei 
production in HIC
• Lattice QCD doesn’t support point-like Hagedorn states. The situation 

can be different if eigenvolumes are considered.
• Work in progress… 

Single Hagedorn decay chain Thermal Hagedorn gas HADES rapidity spectra



Multi-freeze-out scenario 

• A multi-freeze-out scenario could improve the quality of the fit
• A multi-freeze-out scenario could provide a simple explanation of strangeness enhancement
• Also in small systems, 2FO scenario improves on 1FO
• Exotica preliminary predictions: yields of strange penta-quarks would go up



Upcoming PANDA exp at FAIR

• Complementary production mechanisms and measurements needed
• Precise knowledge of decay width and line shape essential
• Complete the exotic multiplets
• Advantages of Anti-Protons 

• Access to all fermion-antifermion quantum numbers (not in e+e-)
• Access to states of high spin J

• High statistics 
• Precision resonance scans
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