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• Hadron:	  colour	  neutral	  system	  of	  quarks
– Baryon	  (qqq)
– Meson	  (qq)	  	  

• At	  small	  energy	  scales
– QCD	  not	  analytically	  solvable

– Effective	  degrees	  of	  freedom:	  constituent	  quarks
	   Coupling	  quarks	  with	  gluon	  field	  (99%	  of	  p-‐mass)
	   mu	  =	  md	  =	  310	  MeV/c2	  ;	  ms	  =	  485	  MeV/c2	  

	   Use	  effective	  potential

– Use	  symmetries	  	  flavour,	  spin,colour
	   build	  ‚Periodic	  table‘	  of	  hadrons

From	  Quarks	  to	  Hadrons	  
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• At	  small	  energy	  scales
– QCD	  not	  analytically	  solvable

– Effective	  degrees	  of	  freedom:	  constituent	  quarks
	   Coupling	  quarks	  with	  gluon	  field	  (99%	  of	  p-‐mass)
	   mu	  =	  md	  =	  310	  MeV/c2	  ;	  ms	  =	  485	  MeV/c2	  

	   Use	  effective	  potential

– Use	  symmetries	  	  flavour,	  spin,colour
	   build	  ‚Periodic	  table‘	  of	  hadrons
– Classify	  into	  multiplets

	  Hadron	  masses	  are	  sum	  of	  quark	  masses

– Use	  hyperfine-‐interaction	  (spin-‐spin	  interaction)	  mass	  
spectrum	  surprisingly	  well	  described

From	  Quarks	  to	  Hadrons	  

• effective	  qq	  potential
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• Allowed	  JPC	  combinations:	  	  
	  	   	  	  	  L = 0 →	  	  pseudo-‐scalar	  0−+,	  	  	  	  Vector	  1−−	  
	  	  	  	  	  	  	  	  	  L = 1 →	  	  scalar	  0++,	  	  	  	  axial-‐vector	  1+−,   1++ and	  tensor	  2++  
• Forbidden	  JPC	  combinations:	  	  	  0-- , 0+- , 1-+ , 2+- , 3+-  ….. 
• Same	  quantum	  numbers	  mix

Constituent	  Quark	  Model	  II	  Mesonen	  
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• p up to 400 GeV 
• Secondary hadrons (!, K, ...): 2!107/s 
• tertiary µ (polarised): 4!107/s
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Spectrum of light mesons:
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Limits for light mesons 

  
• many missing/disputed 
  states in mass region 

  m ~ 2 GeV/c2  

• Identification of heavy 
  states difficult  

d broad states 

d large number 

d overlap + mixing 
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• 6"7*8$-.98$/$:f0(980)] !$P 
• Mass : 1413 ± 15± 13 MeV/c2 
• Width: 157 ± 8 ± 23 MeV/c2
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Figure 7: PLOTS FOR RELEASE The free [⇡⇡]0++ amplitude in the 0
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0

+
[⇡⇡]0++ ⇡ S

wave in the kinematic range 0.100 < t0 < 0.141 (GeV/c)2 for three intervals in m3⇡. Top
row: 1.66 < m3⇡ < 1.70GeV/c2, central row: 1.78 < m3⇡ < 1.82GeV/c2, and bottom row:
1.90 < m3⇡ < 1.94GeV/c2. Left column: intensities; Right column: Argand diagrams. The
crosses with error bars are the result of the mass-independent fit. The numbers in the Argand
diagrams show the corresponding mass value of the ⇡�⇡+ system. The data points are
connected by lines in order to indicate the order. The mass binning in the m⇡ ⇡+ system is
10MeV/c2 around the f0(980) and 40MeV/c2 elsewhere.
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