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Heavy Exotics and RHIC 

Su Houng Lee 

                                      Based on  

  SHL, S. Yasui, W.Liu, C.M.Ko:                     EPJ 08,   arXiv:0707.1747 
  SHL, S. Yasui                      :                      arXiv:0901.2977 
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Babar: DSJ(2317) 0+ 

             Puzzle in Constituent Quark Model(2400)  
1.  DK threshold effect 

2.  Chiral partner of (0- 1-)  

3.  Tetraquark 

X(3872), Y(4260), 

Z(4430) ψ’π  (Belle PRL08) (BaBar ?)  


Z(4051),Z(4248) χc1π (arXiv:0806.4098) 

Must contain cc  ? 

molecule ?              

Recent Highlights in Hadron Physics  

D0 D* D1 

1864 2007 2420 

D0+D* D*+D* D1+D* 

3871 4014 4427 

Z(4248) ?   
        Tetraquark   ? 
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 observation of scalar nonet 
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Scalar tetraquark (Jaffe 76) 

Search for H dibaryon Search for Θ+ pentaquark 

Not explicitly exotic 

Never found nor confirmed ? 

 Previous work on Multiquark configuration 
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Many theoretical approaches 
•  Soliton models 

•  QCD sum rules 

•  Bag models 

•  Constituent quark models 

•  ADS/QCD 
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Scalar Diquark  <εabcuaCγ5db>  : A common feature in Quark model 

Important diquark  qq  (scalar)  qq  (A-Vector) 

Color Antisym Antisym 

Flavor Antisym (I=0) Sym (I=1) 

Spin Antisym (S=0)  Sym (S=1) 

Total force attractive repulsive 

u d u d 

Scalar diquark A-Vector diquark 

1.  Special feature of QCD: comes from one gluon exchange, Instanton  

2.  Long history in Baryon spectrum : example Λ Σ ,,,,


3.  Responsible for Exotics (Multiquark configuration)


4.  Color superconductivity: 2SC,CFL, BEC


5.  sQGP:  Shuryak, Zahed (04) 

Jaffe, Wilczek PRL03 
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One gluon exchange 

Lattice calculation 
(Nakamura, Saito 05) 

Phenomenological fit of  
   color spin interaction 
   to hadron spectrum        

 qq  vs  qq attraction 
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Baryon Mass difference 

u d u d

s s

Example 

Mass diff MΔ –MN MΣ-MΛ
 MΣc-MΛc MΣb-MΛb 

Formula 290 MeV 77 MeV 154 MeV 180 MeV 

Experiment 290 MeV 75 MeV 170 MeV 192 MeV 
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Meson Mass difference 

d u d u
π

Works very  well with     3x CB = CM  = 635 mu
2 

u d d u x 3 =  

Mass diff Mρ –Mπ
 MK*-MK MD*-MD MB*-MB 

Formula 635 MeV 381 MeV 127 MeV 41 MeV 

Experiment 635 MeV 397 MeV 137 MeV 46 MeV 

ρ
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Stable Multiquark configurations 

 in a schematic diquark model 
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Type of diquark and its q-q binding  

S=C=0 (ud)   A  

S=-1, ms=5/3mu (us)   3/5 A (ds)  3/5 A 

C=1,  mc=5mu (uc)   1/5 A (dc)  1/5 A (sc)  3/25 A 

Diquarks with different flavors 

(ud)+ (us)          Tetraquark 

(ud) (us) (ds)      dibaryon 

(ud) (us) + q       Pentaquark 

Multiquark hadrons 



UCLA 09-01 - SHL
ee 

12 

Tetra-quark - configurations 

u



d d



u u



dd



u 0+ 0- 0- 

Binding against decay = (Mass of 2 Mesons) – (Mass of Tetraquark)  

u



d c



b u



dc



b 0+ 0- 0- 
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Tetra-quark – hadronic weak decay modes  

1+ u



d c



c u



dc



c 0- 1- 
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Pentaquarks (states with two diquarks ) 

u



d
        1/2- 

Q



u



s u



d Q



s



u
ΘQs
 Λ
 D 
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S=C=0 (ud)   -A 

S=-1, ms=5/3mu (us)   -3/5 A (ds)  -3/5 A 

C=1,  mc=5mu (uc)   -1/5 A (dc)  -1/5 A (sc)  -3/25 A 

Di-bayron – general considerations 
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 di-baryon B B 

Conf-1 
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Di-bayron (Conf 1) – (qq) (qq) (qq) 

u



d
        0+ 

u



s

H di-baryon   could be bound 

  unfortunately not found in elementary processes 

d



s

u



d

s



u



d
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H di-baryon 

CFL
Phase of color superconductivity ?


2SC Phase
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Di-baryon (Conf 2) – (qq) (qq) (qQ) 

u



d
        0+ u



s

Hc di-baryon   new prediction 

  could be found in heavy ion collision 

u
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d
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u
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Hc di-baryon P
 Ξc 
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Representation of HC Di-baryon (qq)(qq)(qQ) 
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Other Possibly Stable Di-baryons 
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Searching for Exotics at RHIC (STAR, FAIR, LHC) 

1.  Large number of c and b quark produced 

2.  Vertex detector  

3.  Example: FAIR    104 / Month     D0k- π+ 

nundnq=exp(-Δm/T) Coalescence model Statistical model 

Θ cs / D
 0.74 x 10 -3 1.4 x 10 -3 

Θ cs / Ds

2.3 x 10 -3 4.0 x 10-3 

Lee, Yasui, Liu, Ko  EPJ 08 
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3.  If diquarks exists near Tc, additional production of Tcc and Θcs. Λc
/D enhancement can be a signature of sQGP  

     LHC plans to measure Λc and D


2.  Mutltiquark  states will exits in Heavy sector,  due to diquark 
structure   Tcc (ud cc) Θcs (udusc), Hc(udusuc)… 

        RHIC, LHC can be a very useful heavy exotic factory 
       If found, it will be the first exotic ever, 
      will tell us about QCD, q-q interaction and dense matter  
       great step forward in QCD 

Summary  

4.    Multiquark states are doorway to dense QCD.  
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Back ups




UCLA 09-01 - SHL
ee 

23 

S=C=0 (ud)   A 

S=-1, ms=5/3mu (us)   3/5 A (ds)  3/5 A 

C=1,  mc=5mu (uc)   1/5 A (dc)  1/5 A (sc)  3/25 A 

diquark – anti-diquark (Tetra-quark) - II 

L=1 
Z(4248) ? 

1- u



c d



c u



cc



d
 0- 0- 

L=1 
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S=C=0 (ud)   -A 

S=-1, ms=5/3mu (us)   -3/5 A (ds)  -3/5 A 

C=1,  mc=5mu (uc)   -1/5 A (dc)  -1/5 A (sc)  -3/25 A 

Pentaquark – general considerations 
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d
        
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L2 contribution 

   - 500 MeV  

       in Full quark model by Hiyama, Hosaka et al 

Θ+ 1540 can not be a pentaquark state, if it exists ?


Θ+
 P K 


