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Masses and Matrix 
Elements



Hadron Mass Spectrum
from Quarks and Gluons

Hadrons are the constituents of atomic nuclei. The
computation of their mass spectrum from the
dynamics of more fundamental quarks and gluons
has been a principal subject of interest in particle
physics.
In this figure, the results from the CP-PACS and
from a previous computation are compared with
experiment. Experimental results are reproduced to
within about 5–10%. With the precise data from the
CP-PACS, we further clarify a limitation of the
widely adopted "quenched" approximation,
answering a long-standing question since 1981.

N = (u,d,d)
L = (u,d,s)
K = (d,s)
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Extreme Conditions







Pentaquarks: A Case 
Study



  





  



  



  



  



  



  





Skyrme phenomenology has a mixed 
record.

Its connection to QCD fundamentals is 
somewhat tortuous.

It leads to a counterintuitive spectrum, as 
we’ll see.

Reasons for Skyrme-Reserve



In QCD, the color antitriplet channel is 
very attractive. This might introduce 
important correlations that are not 
incorporated in the traditional quark 
model. 

Diquarks



As a crude way to implement this 
dynamics, consider that quark pairs can 
form color antitriplet, flavor antitriplet 
spin-0 bosons with short-range 
repulsion.



  



  



  



  





  



  



  



We estimate that the (ud)(ud)c-bar and 
(ud)(ud)b-bar pentaquarks are stable against 

strong decays!



Color superconductivity

Scalar nonet phenomenology

Roper

No H

∆I = 1/2 rule

Diquarks Everywhere?



Theoretical Approaches

Quarks→diquarks using extra “fictitious” 
gauge interactions

Lattice simulations, especially of 
pentaquarks with heavy spectators



We can consider different numbers and mass 
spectra of quarks.  E.g., with four flavors the 
question of “quadriquark” exotics gets sharp. 

By tailoring sources, we can explore wave 
functions (form factors, structure functions).  
E.g., we can probe for diquark correlations.

Using these tools, we can test and refine 
dynamical models and approximation schemes.  

Creative Opportunities


