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Quarks are never alone.

They always appear in clusters.

We want to know:

• what clusters are allowed?

• how stable are they?

Thus our topic can be rephrased as...
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THE SOCIAL LIFE OF QUARKS

Who with whom?

For how long?

a  “Passing Fling”,

or

  “Till Death Us Do Part” ?
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chromoelectric flux tube
between a quark and an

antiquark in a meson

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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doubly heavy baryons: mass predictions (2014)
MK & JR, Phys. Rev. D90, 094007 (2014)

PRL 119,112001, (2017)

Q Q’
q



M. Karliner, Exotic Hadrons           BiałasFest 19/6/2026             
              

19

  
   
   



M. Karliner, Exotic Hadrons           BiałasFest 19/6/2026             
              

20



M. Karliner, Exotic Hadrons           BiałasFest 19/6/2026             
              

21



M. Karliner, Exotic Hadrons           BiałasFest 19/6/2026             
              

22



M. Karliner, Exotic Hadrons           BiałasFest 19/6/2026             
              

23



M. Karliner, Exotic Hadrons           BiałasFest 19/6/2026           
              

24



M. Karliner, Exotic Hadrons           BiałasFest 19/6/2026           
              

25

Editors’ Suggestion
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TINY!

Is there a better way?
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Hadronic molecules: deuteron-like

Tetraquarks: same 4 quarks, but tightly bound:

two color singlets
attract through
residual forces

each quark
sees color charges  
of all the other quarks
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T. Skwarnicki, Moriond 3/2019
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2009.00025 & 2009.00026
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backup slides
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The picture can't be displayed.

The picture can't be displayed.

Inclusive signature of (bbx): displaced
 T. Gershon & A. Poluektov JHEP 1901 (2019) 019 

The picture can't be displayed.
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discovered by LHCb
just where expected

LHCb search
in progress
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