
  

Quarks and Hadrons
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Quantum Chromo Dynamics 
(QCD)

3 color charges (red, green, blue)

Not real colors but e.g. qx, qy, qz 
that can be +qx for quarks (red) 
and -qx for anti-quarks (anti-red)

Hadrons have to be colorless

Baryons have all 3 colors

Mesons has a color and an anti-
color

A single quark cannot be 
observed because it has color!

The quarks are confined inside 
the hadrons!

Hadrons
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Today: the periodic table of the 
hadrons:-)
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Example of mesonic “energy levels”:
the su system
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Example of mesonic “energy levels”:
the su system
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L=0 and n = 1 mesonic uds states
J=S=0 J=S=1
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L=0 and n = 1 mesonic uds states
J=S=0 J=S=1usds

su sd

uddu
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L=0 and n = 1 mesonic uds states
J=S=0 J=S=1

π0, ρ0

Mixture:
η,η',ω,Φ {

usds

sd su

uddu
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Why is the J/ψ (1-) famous?
(the η

c
 (0-)is lighter!)

Mass J/ψ : 
3.10 GeV

Mass D (lightest c meson) :
1.86 GeV

This decay is OZI suppressed 
Decays are OZI suppressed 
when there are time regions
where there are only internal
gluon lines
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J/ψ (1-) has quantum number of 
virtual photon!

OZI suppressed!

5% of decays
(and 5% to muons)
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Very easy identification!
(if you have a good detector:-)

Note that except for η these are all 1- states!
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What can we more do with energy 
levels: model them!
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A way to experimentally measure 
the strong potential
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A small excursion
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Lattice QCD results
(Numerical non-perturbative)

Heavy quark potential

At T~Tc the 
strong potential 
is screened so 
e.g. c+c-bar 
states can 
disassociate. 

Color Screening

cc



Heavy quark thermometer

Unfortunately heavy quark results are more complex when systematically studied!

Expected in terms of 
binding energy

Note: 6.5<pT<30 GeV for J/ψ and ψ(2s)

Observation of sequential 
suppression of Y (b+b-bar) 
family

3S
1
 / 1-

n=1, 2, 3



Next: let us understand the baryons!

Only consider L = 0!



The baryonic systems with L=0 and 
n = 0



Color is needed to make the Δ++ 
wavefunction antisymmetric!

● Show that this is anti-symmatric when you 
exchange 1 ↔ 2, 2 ↔ 3, and 1 ↔ 3

● This means that the rest of the wavefunction 
(spin, flavor, L) symmetric!
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