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WASA-at-COSY measurements


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CERN Courier 2011
 http://cerncourier.com/cws/article/cern/46855
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CERN Courier 2014
 http://cerncourier.com/cws/article/cern/57836



Theoretical side
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 1964, Dyson & Xuong, M(D03 )=2350 MeV (PRL13, 815)

no interesting

 1977, Jaffe, H particle (PRL 38, 195)

over 30 years searching: none    

 1989, T. Goldman,…,Fan Wang, (PRC 39, 1889)

“inevitable nonstrange dibaryon” d* 

 1995, Fan Wang, JL Ping, et al, (PRC 51, 3411)

u,d,s world systematic searching 

 …

 2009, JL Ping et al, (PRC 79, 024001)

d* as np scattering resonance

 2013, Bashkanov et al., (PLB 727, 438) 

hidden-color  narrow width

 2014, F. Huang et al, arXiv:1408.0458,     hidden-color  narrow width 



Quark model: prediction power


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Dynamical symmetry

in strong interaction system
 Dynamical symmetry:

H:  Hamiltonian of a system

C,C1,C2,……:  Casimir operators or class operators of

group chain 

properties:

Eigen energy of the system:

eigenvalues of operators C,C1,C2,……

1 2( , , ,......) ( , ( ))H F C C C F C C s 

1 2 ......G G G  

1 2( , , ,......) ( , )E F m m F m  

[ , ] 0, [ , ] 0, [ , ( )] 0H G H C H C s  
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Group chain of quark system

Light hadron ground states:

orbital: Ux(1) (baryon)  or  SUx(2) (dibaryon) 

color:   SUc(3)

flavor:  SUf(3)

spin:    SUσ(2)

Group chain: 

(18) (3) ( (6) ( (3) (2) (1)) (2))

[1 ] [ ] [ ] [ ]

c f f I Y

n

SU SU SU SU SU U SU

c f I Y J

 



     
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Dynamical symmetry applied to light quark systems

 Color: singlet,  [c]  fixed

 Gursey-Radicati mass formula (PRL13(1964)173)

(6) (3) (2) (1) (2)
( , , , , )f f I YSU SU SU U SU

H F C C C C C 

0 (3) (2) (1) (2)f Y ISU SU U SU
M M AC B C C C D C    

2

0 (3)
( 1) ( 1) / 4fSU

M M AC B J J C Y D I I Y         
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 Parameters                    the masses of baryons

A=9.2962 B=48.238 C=-196.34 D=35.080

(unit: MeV) 

Baryon: M0=1021.9 MeV                                         

Dibaryon: M0=2093 MeV
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Baryons:

N Λ Σ Ξ Δ Σ* Ξ* Ω

Y 1 0 0 -1 1 0 -1 -2

I ½ 0 1 ½ 3/2 1 ½ 0

J ½ ½ ½ ½ 3/2 3/2 3/2 3/2

[f] [21] [21] [21] [21] [3] [3] [3] [3]

theo 935 1114 1184 1328 1241 1384 1528 1672

err 2.6 1.9 2.6 1.6 4.8 3.8 2.7 1.7

exp 939 1116 1193 1318 1232 1383 1533 1672
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 [f]=[6]     dim=28
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 [f]=[51]      dim=35
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 [f]=[42]      dim=27
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 [f]=[411]   dim=10        [f]=[33]   dim=10
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 [f]=[321]    dim=8

 [f]=[222]     dim=1
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Dibaryons:

D01 D10 D03 D30 D12 NΩ ΩΩ H

Y 2 2 2 2 2 -1 -4 0

I 0 1 0 3 1 ½ 0 0

J 1 0 3 0 2 2 0 0

[f] [33] [42] [33] [6] [42] [321] [6] [222]

theo 1873 1884 2355 2420 2173 2652 3072 2093

err 5.6 6.6 6.6 13 7.2 4.0 4.7 2.9

exp 1876 1878? 2380 ? 2148? ? ? ?




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Glashow-Isgur naïve quark model

 Dynamical calculations of baryon masses and hadron 
interactions with quark models.

 GI model:   

Color confinement + One-gluon-exchange

describes baryon properties quite well

 Extended to multi-quark systems?

fails to obtain 

the intermediate-range attraction of NN interaction
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Quark model for multi-quark system

The criterions:

1. Describing the vast strong interaction experimental data 

from deuteron bound state to  NN, YN scattering data.

2. Explaining the similarity of nuclear force and molecular 

force.

3. Predicting something new and if it confirmed by 

measurements. 
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Similarity between

nuclear force and molecular force

spin singlet                            spin triplet isospin singlet

interaction between atoms             interaction in deuteron
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Improving quark models for multi-quark systems

 Two approaches:

 Chiral quark model:   

Color confinement + OGE + OBE

describes hadron-hadron interactions well

 Quark delocalization color screening model (QDCSM) 

describes hadron-hadron interactions well, too

F. Wang et al.  PRL 69(1992)2901(arXiv:nucl-th/921002).

G.H. Wu et al.  PRC 53(1996)1161; NPA 673(2000)279.
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Problems of chiral quark model

 fail to explain the similarity 
between molecular force and nuclear force

Phenomenological one boson exchange and chiral 
perturbation have the same problem. 

 Phenomenological σ meson exchange effect is 
different from the correlated two-pion exchange: 

too weak attraction 

N.Kaiser, et al., Nucl. Phys. A637, 395 (1998); 

E.Oset, et al., Prog. Theor. Phys. 103, 351 (2000); 

M.Kaskulov et al., Phys. Rev. C 70, 014002 (2004).
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QDCSM (PRL69(1992)2901)

 Two ingredients (based on quark cluster model):

quark delocalization (color and orbital destortion) 

color screening (an effective description of hidden color  

channel coupling.)

 describing deuteron, NN scattering, N-Hyperon scattering, 
flavor octet and decuplet BB interactions well
PRL 69(1992)2901; PRC 53(1996)1161; NPA 673(2000)279…….
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 Quark delocalization:

variational parameter ε(s)  dynamics of system

 The main advantage of QDCSM : 

the delocalization parameter is determined through its own 
dynamics, so multiquark system chooses its most favorable 
configuration by its own dynamics. 
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QDCSM
 Color screening：

qq interaction: inside baryon

outside baryon      different

the color structure is taken into consideration

three gluons exchange 0 (inside baryon)

= 0 (outside baryons)

HNP2015, Krabi, Thailand, July 9



HNP2015, Krabi, Thailand, July 9



HNP2015, Krabi, Thailand, July 9

RGM+GCM

 RGM wavefunction
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deuteron
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 the similarity: molecular and nuclear force 

Atoms: electric neutral, 

electric charge and orbital distortion    molecular force

(electron percolation)

Nucleons: color neutral,

color charge and orbital distortion     nuclear force

(quark delocalization)

HNP2015, Krabi, Thailand, July 9
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d* in quark models

 “inevitable” dibaryon
T. Goldman, K. Maltman,  F. Wang et al., 

in Brookhaven 1988:Glueballs, hybrids and exotic hadrons,  p. 413;

PRC39 (1989)1889.

1. Kinetic energies: quark delocalization reduces the quark kinetic energy of 
dibaryon systems.

2. Color-Magnetic Interaction                                          gives rise effective 
attraction between flavor decuplet baryons.

the existence of  IJP=03+ dibaryon is inevitable

IJP=03+ dibaryon: a spin excitation of d, named d*
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Two kinds of dibaryons

in Intersections between particle and nuclear physics (1994) p.538.

 Octet-octet dibaryons: 

low spin (J<=1) and small binding energy

typical example: deuteron

 Decuplet-decuplet dibaryons:

high spin (J>=2) and large binding energy 

coupling with octet-octet channels and shown as resonances

typical example: d*

 Octet-decuplet dibaryons:

typical example:              NN ,
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Robust of d* in quark models

 In PRC 51 (1995) 3411 we did a general survey of the 

dibaryon candidates in the u,d,s three-flavor like quark 

world and found the d*(IJP=03+) has the largest binding 

energy.

The binding energy is large enough to allow the quark 

model to have as large an uncertainty as 200 MeV, the

d* is still survive.

This confirms our 1989 predictions.

A relativistic quark model calculation confirmed the non-

relativistic quark model result.

Mod. Phys. Lett.  A13(1998)59;arXiv:nucl-th/9803002.
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d* mass and width in 

NN- channel coupling scattering
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Total decay width of d*

Only phase space reduction:

(structure of d* is not considered)
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NN 3D3-3G3 partial-waves  in 

NN- channel coupling scattering 

PRC 90(2014)064003;arXiv:1404.0947[nucl-th].


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Narrow width of d*

Bashkanov-Brodsky-Clement: PLB 727(2013)438
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
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What is the hidden-color channels?

M. Harvey: NPA352(1981)301:             SU(2)

J.Q. Chen: NPA393(1983)122

F.Wang, J.L.Ping, T. Goldman: PRC51(1995)1648:   SU(3)

Physical basis:

Symmetry basis: 
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d*: a compact object

taking limit:  six quarks in one bag  
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6 quarks are in the same orbit:   []=[6],   [42] disappears

Symmetry basis: only [6][33][33] exists

------> number of physical basis:  1

 and CC  are the same !

antisymmetrization

<  | CC > =1
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+S/2, -S/2:  the reference centers of baryons

S0,  [6] exists,  [42] disappears

<  | CC > =1

Continuity   <  | CC >  approx. 1,   when S is small.

S (fm)           <  | CC >               S (fm)           <  | CC > 

3                       0                          0.3                   0.997

2                    7x10-3 0.2                   0.999

1                      0.7                        0.1                   0.99996

0.5                   0.98                      0.001               ~ 1

0.4                   0.99 
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Schmidt orthogonalization


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Outer-product of the permutation group 

 For color SU(3), the dimension of irreps [222] =1

 For S(6), the dimension of irreps [222] =5

 Constructing the bases of 6-quark system 

from two three-quark clusters

Outer-product of S(6) or CGC of SU(3)

 5 bases of [222]                           [111]x[111]   (color singlet)

or [21]x[21]   (color octet)

 Hidden-color channel is not necessary for quark-only system!



Hidden color configuration
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 String-like structure:

hidden-color

color singlet

work on progress…
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Summary

 Based on the dynamical symmetry, the quark model can describe the 
masses of baryon and dibaryon well. It has the predictive power.

 The improved quark models describe  hadron-hadron interactions well 

 d* is a compact object in quark model. Its compact six-quark structure 
is responsible for the narrow width.

 To explain the narrow width of d* by using hidden-color channel is 
questionable. 

 Once the total width of d* is reproduced, the branching ratios of 
different channels can be reproduced by isospin symmetry and the 
phase space (Bashkanov et al., arXiv: 1502.07156).

 There are more dibaryons to be discovered.

Thanks!!!
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