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Introduction

 exotic states

Dibaryons: H, d*, di-Ω, NΩ, …… 

Pentaquarks: Θ+ , Ξ-- , …… 

Charmonium-like states: X(3872),  Y(3940),  Z(3900),         
Z(4430),……

Plausible molecular baryons: cD, cD, DN, DsN, …… 

Dibaryons with heavy quarks: cc, cc, c c, 

Nc, Nc, Ncc, NΩc, ……



(1) d*, IJ=03 

Predicted as an “inevitable” dibaryon state.
PRC 39,1889  (1989) 

A dibaryon resonance in NN scattering.
PRC 79, 024001  (2009) 



PRL 102, 052301  (2009)                                       PRL 106, 242302  (2011)

WASA-at-COSY



CERN Courier

• http://cerncourier.com/cws/article/cern/



(2) Systematically searching for strange dibaryon states

PRC 83,015202 (2011)



(3) NΩ, IJ=1/2 2
Might be a narrow resonance.                                    PRL 59,627 (1987) 
A very narrow resonance.

PRC 51, 3411 (1995); PRC 69,065207 (2004)
A weakly bound state.                                                   EPJA 8, 417 (2000)

A narrow resonance in  scattering.                 PRC 83, 015202 (2011)

HALQCD Collaboration, arXiv:1403.7284 

Being searched by RHIC-STAR Collaboration



Is it possible to observe  scattering in the experiment?

Neither  nor  is stable under strong interactions.
It is difficult to observe  scattering in the experiment.

NΩ scattering is possible to be observed in the experiment.

N is stable under strong interactions.

Further theoretical work:
• NΩ scattering phase shifts;
• The scattering length and the effective range; 
• The binding energy.



 Theoretical methods
Lattice QCD
QCD sum rule
Phenomenological models:
On the hadron level:
One-boson-exchange (OBE) model,
One-pion-exchange (OPE) model

......
On the quark level:
Isgur quark model , Chiral quark model,
Quark delocalization color screening model 

......



• QDCSM was developed by Nanjing-Los Alamos collaboration 
in1990s aimed to multi-quark study.       PRL 69, 2901 (1992)

• Two new ingredients (based on quark cluster model 
configuration):

quark delocalization (orbital excitation) 

color screening (color structure) 

Take into account the effect of hidden-color channel-coupling.

PRC 84, 064001  (2011)

• Apply to baryon-baryon interaction and dibaryons 

Quark models and calculation methods

 Quark Models

1. Quark delocalization color screening model (QDCSM)

Provide the 
intermediate-
range attraction.



2. Chiral quark model (ChQM)

Provide the intermediate-range attraction by      meson-exchange.

Rep. Prog. Phys. 68, 965 (2005)

SU(2) ChQM: only       meson-exchange;

SU(3) ChQM: full scalar octet meson-exchange.

PRC 75, 034002  (2007)









The single-particle orbital wave functions in ChQM:

Delocalized orbital wave functions in QDCSM:



In RGM, the multi-quark wave function is approximated by the cluster 

wave function,

The internal motions of clusters are frozen and the relative motion 

wave function satisfies the following RGM equation

 Calculation methods

(1) Resonating group method (RGM)



RGM equation

where



Extending the relative motion wave function to the Gaussian 
function:

(2) Generating coordinates method (GCM)





(3) Kohn-Hulthen-Kato(KHK) variational method

M.Kamimura, Supp.Prog.Theo.Phys.62,236 (1977)





Results and discussions

1. The NΩ scattering phase shifts

HALQCD Collaboration
arXiv:1403.7284 

implies the existence of a bound state



2. The scattering length, the effective range and the binding energy

HALQCD Collaboration
arXiv:1403.7284 



3. The effective potential from various terms of NΩ interaction

No quark exchange 
between N and Ω,
no contributions of 
CON, OGE, OPE.

 the attraction mainly 
comes from the  
meson-exchange 
interaction.

other scalar meson-
exchanges provide the 
repulsive potentials.





 the attraction mainly 
comes from the 
kinetic energy term.

quark delocalization 
contributes to the 
deep attraction of the 
kinetic energy term.



4. The effect of the channel-coupling

Hidden-color channel-coupling is crucial in binding NΩ.
QDCSM includes the effect of hidden-color channel-coupling. 



Summary

1. NΩ is a narrow resonance in  D-wave scattering.

2. NΩ low-energy scattering phase shifts imply the existence of NΩ,

which can be observed in RHIC-STAR.

3. Both QDCSM and ChQM, with different intermediate-range 

attraction mechanisms, can obtain the NΩ dibaryon.

4. Hidden-color channel-coupling is crucial in binding NΩ. 

QDCSM includes the effect of hidden-color channel-coupling. 



Thank you!


