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Motivation
Diquarks

3 3Ä = 3Å6Quark-quark color/flavor IRep.

N(938) ~ 300 MeV
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Scalar diquarks: diquark-antidiquark system

Singlet & octect exotic mesons



Tetraquark nonet



Hadron spectrum

slope



Nucleon  SL EM  form factors

Light-front model of the nucleon wave function
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Some evidences of diquark correlations:

Classification of scalar mesons

Orbital excitations in Barion X Meson Spectrum

EM structure of the nucleon

EFFECTIVE MODEL WITH DIQUARKS 



QCD Model with  color antriplet-scalar diquark
Hong, Sohn, Zahed Phys. Lett. B596 (2004) 191





Running coupling constant



Ns number of diquark flavors





QCD FIXED-POINT

!



Gluon and photon in-medium masses



Estimative of in-medium gluon mass



Estimative of in-medium photon mass



Zero-binding diquarks & Thomas-Efimov physics



Weakly bound systems & contact interaction

Size of the system (d) >> interaction range (r0)

The eigenfunction of the system satisfies a free Schrödinger
equation almost everywhere for nonzero interparticle distances! 

asymptotic wf behaviour & universality
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Example: Trinucleon quartet state S=3/2

Weakly bound systems & contact interaction

R_i relative distance between particles j and k

r_i relative distance between i and jk CM
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Scale invariance in few-body systems

:

1

If and =0

Spectator function for a triquark-system

Spectator function for 3-bosons
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EFIMOV STATES

Scale invariance:                        is also solution!!!



Spontaneous breaking of scale invariance&Thomas-Efimov effect

Nature breaks scale invariance� momentum/energy scale

Thomas collapse: �
8

Efimov effect: � 0
� 0

Adhikari,TF,Goldman, PRL74 (1995) 487



Scaling limit:
Frederico et al PRA60 (1999)R9
Yamashita et al PRA66(2003)052702

Scaling limit & limit cycle

Limit cycle:



Scaling functions: Correlation between observables

S-wave three-boson resonance

Bringas, Yamashita, TF, PRA69(2004)040702(R)





DELTA and HYPERONIC LIKE weakly bound/resonant states!!!

&

Efimov hyperons and delta like

(analogous to a 3-boson system)



Conclusion
Diquarks can be introduced in QCD as an effective 
degree of freedom (toy model);

Strong correlation between the quarks – forming diquarks
– approaches the fixed point to the real world;

Near zero-binding diquarks it is possible weakly bound
our resonant hyperons and delta-like states ;

Next : - Structure of exotic mesons dq – anti dq; 
- Nucleon q – dq;
- Thomas-Efimov physics in the formation of                   

strange and non-strange matter...
- extension to other scalar correlations


