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“Who with whom,

For how long ?

A  “one-night stand”,

Or  “Till Death Us Do Part” ?  
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masses of
elementary
particles
in Nature
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From SU(3) flavor symmetry to quarks

SU(3): Gell-Mann Ne’eman 1961 quarks: Gell-Mann 1964

Adjoint rep: Fundamental rep:
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Baryons, such as p and n,  are composed of three quarks. 

Mesons, such as pions, are composed of a quark-antiquark pair.

Arrows denote quark spins.
 
Quarks carry color charge. 
Allowed combinations: in a physical object they need to add to white.

All strongly-interacting particles 
(=hadrons) are built from quarks
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Quantum Chromodynamics: QCD

SU(3) color symmetry
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Charmonium – narrow (i.e. long-lived) states
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chromoelectric flux tube
between a quark and an

antiquark in a meson

Y-shaped 
chromoelectric flux tube
between quarks a baryon

Confinement + Gauss Law → flux tubes
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QCD string breaking
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tetraquark pentaquark
  baryon     meson   

  Standard Hadrons    Exotic Hadrons  
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exotic hadrons – tetra and pentaquarks – 
discussed right from the start of the quark model

> 50 years of searches for exotics made from light
(u,d,s) quarks, but no unambiguous exp. evidence

but recently clearcut evidence in heavy-light exotics
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The big questions about exotic hadrons:

– do they exist ?

– if yes, which ones ?

– what is their internal structure ?

– how best to look for them ?
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2008: Anomaly in Belle data → tetraquark (MK & HJ Lipkin)



M. Karliner, Social life of quarks 19BNL  Colloquium Feb 13 2018       
              



M. Karliner, Social life of quarks 20BNL  Colloquium Feb 13 2018       
              



M. Karliner, Social life of quarks 21BNL  Colloquium Feb 13 2018       
              

Hadronic molecules: deuteron-like 
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Hadronic molecules: deuteron-like 

Tetraquarks: same 4 quarks, but tightly bound:
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narrow width of molecule 
automatic
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masses of doubly-heavy baryons:

use same toolbox that predicted

b baryon masses. 
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3627+-12 MeV
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3621+-1 MeV
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doubly heavy baryons: mass predictions
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LHCb experiment
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LHCb experiment
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doubly heavy baryons 
predicted lifetimes (fs)
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Editors’ Suggestion
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Nature,
Nov 2, 2017
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