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Diquark and heavy hadron production
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Additional color source (medium)

Tuned to e+e- collision

Some recent data
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Above models can not explain data
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Baryon Good diquark Bad diquark

q=u,d (qq) (qs) (ss) (qq) (qs) (ss)

p, n 1/2 0 0 1/2 0 0

 1/3 1/6 0 0 1/2 0

 0 1/2 0 1/3 1/6 0

X 0 1/2 0 0 1/6 1/3
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Contains both good and bad diquarks: Smaller contribution from good diquark
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Back to recent data

 
0

- diquark in cS
ud




u d c

u s c

 
0

- diquark in cS
us


X

Both contain only good diquarks but different flavors

0

c

D



0

c

D

X



7

What does quark model tell us about diquarks? 

Naively, it seems strange that (us) diquark is more stable than (ud) 

diquark
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N-N interaction at short distance
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☞ Can fit baryon masses

A Quark Model perspectives 



9

   
  

 
2

1 2

i
n n n

c c C SSi
i i j ij ij ij ij

i i

i

j i ji i j

c c

j jp
H m V r V r

m m m

  





  

 
    

 
  

Q-Q Q-Q

Color A S A S 1 8 1 8

Flavor A A S S

Spin A(0) S(1) S(1) A(0) 0 0 1 1

K -8 -4/3 8/3 4 -16 2 16/3 -2/3

  c c s s

i

i j

j

N

i jK    


 

☞ Color-spin interaction for 2 body: 
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  comparison

☞ NN force in SU(2) spin 1 vs spin 0 channel: comparison to lattice
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☞ H dibaryon channel: Flavor 1 vs Flavor 27

QCD HAL collaboration

Color-spin vs Nuclear Force : A.Park, SHLee, Inoue, Hatsuda, EPJA 56(2020)3,93
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Diquarks inside a Baryon

Isolated diquarks

s



MeV 4700    MeV, 1500    MeV, 500        MeV, 300  bcsdu mmmmm

Mass diff M –MN M-M Mc-Mc Mb-Mb

Formula 290 MeV 77 MeV 154 MeV 180 MeV

Experiment 290 MeV 75 MeV 170 MeV 192 MeV
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☞ H-dibaryon
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Back to recent data and color-spin interaction
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Stronger color-spin attraction
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N-N interaction at short distance
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☞ Color-Color interaction is not important for short range N-N interaction

1 2B BN N N 

1 2

3 46

5

1 2

3

4

6

5

                         

However Color-color interaction 
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Mass effect in Color-Color interaction:  Example   Karliner and Rosner
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☞ Coulomb interaction: heavier particles will have larger Coulomb attraction
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☞ Solving for diquark states in the quark model with vacuum parameters.

Including color-color interaction 
(us) diquark is more attractive

than (ud) diquark

1 2Binding energy =Mdiquark q qm m 
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At Finite temperature

☞ Finite temperature potential

Lafferty, Rothkopf, PRD101(2020)056010

☞ Use thermal quark masses used

,  300 MeV,     400 MeVu d sm m  Dm
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  GeVT
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( ) ( ) =Mus us diquark u sB m m 

☞ (us) diquark is more attractive than (ud) 
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Effects of Diquarks in Xc/D production

Strong (us) diquark correlation

 Enhanced Xc production.

 Smaller effects on Hyperon production  

Model it through the presence of (us) diquarks in the hadronization

 Use coalescence model
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Model diquark PT distribution

☞ Blast-wave fit to ALICE data
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Use coalescence model to calculate extra Xc from (us)+c  for pp collision 

☞ 2-Dim Coalescence model

☞ A from fit to deuteron and He3
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Result  

☞ Xc from (us)+c coalescence

☞ Xc/D ratio in pp
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Due to

Diquark
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Summary

⊙ Quark model shows that (us) or (ds) diquarks are more stable than an (ud) 

diquark

⊙ Such a strong correlation in (us) or (ds) will enhance the production of 

baryons composed dominated by such configurations.  

⊙ The anomalous enhancement of       in pp can be explained by the 

presence of (us) diquarks in the hadronization process.

Similar enhancement is expected in heavy ion collision
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