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Background | 

QCD

Asymptotic freedom

Color confinement 

Chiral symmetry breaking

High energy: asymptotic freedom

Low energy: non-perturbative important

Hadron properties difficult to derive from QCD 

Methods: Lattice QCD、Quark Model、Effective field theory et.al .

R.L.Workman,et.al PTEP, 083C01(2022)
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Background 

Hadron

Conventional states: 

Meson Baryon 

Exotic states: 

Compact multiquark states Molecule states Hybrid Glueball
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Background 

u History of pentaquark states

)1405(

NK Dalitz and Tuan, PRL2, 425-428(1959)qudsq

Bing-Song Zou, Sci.Bull66, 1258(2021)

)1535(*N

u            molecule state        

udsu 1964  Quark Model                  an excited state  

u                   quasi-bound state                  KK Kaiser,et.al, PLB362, 23-28(1995)
Bo-Chao Liu,et.al PRL96, 042002(2006) 
  u an excited state qqq

sqqqs

u 1961  )1405(

u                and               molecule states                          and

       with mass above 4 GeV and width smaller than 100 MeV
Jia-Jun Wu,et.al PRL105, 232001(2010)

)1540( Yan-Rui Liu,et.al PRC69, 035205(2004)

cD )(
cD )( pJ / /J

decay



Background 

          

In 2015, The LHCb Collboration observed two hidden-charm pentaquark states in                           channel

��(4380)+,��(4450)+

R.Aaij et.al PRL115, 072001(2015)

��(4312)+, ��(4440)+, ��(4457)+

R.Aaij et.al PRL112, 222001(2019)                                                           6

Minimal quark content cuudc

 pKJb /0
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 Background

2015
2019

2021

2022
2022

cuudc
cuudc
cuudc
cuudc

cuudc
cudsc

cudsc

Molecular states are loosely bound states 

composed of  meson-baryons by the long-

range color-singlet meson exchange.

Liu,et.al  Prog.Part.Nucl.Phys107, 237-320(2019)
Guo,et.al Rev Mod Phys90, 015004(2018)

Chen,et.al Rept.Prog.Phys86, 026201(2023)
Meng,et.al Phys Rept 1019, 1-149(2023)

Compact pentaquark states are 

bound states of five quarks by the 

short-range one-gluon exchange 

R.Aaij et.al PRL115, 072001(2015)
R.Aaij et.al PRL112, 222001(2019)
R.Aaij et.al Sci.Bull66, 1278 (2021)
R.Aaij et.al PRL 112, 063001(2022)
LHCb Collaboration arXiv:2210.10346
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Background 

u Compact pentaquark states in chromomagnetic interaction (CMI) model.

1.Hadron-hadron threshold as reference scale

2.                           component  not considered

recontruct wave function

modify CMI model

)4312(),4440(),4457( PcPcPc  2/3,2/1,2/3PJ

       Mass spectra are estimated by a reference

       hadron-hadron channel

       Mass spectra and rearrangement decay properties

       of                                and                                              

        are studied                                                     

Jing Wu,et.al PRD95, 034002(2017)

Jian-Bo Cheng,et.al PRD100, 054002(2019)

cc ccuud 88 )()( cc ccuus 88 )()(

cc ccqqq 11 )()(
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Formalism| Mass splitting model
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im        is effctive quark mass,  which contians the kinetic energy, color confinement , and so on.

           is color-magnetic interaction
           

CMIH

CMI
i

i Hm M

  CMIrefCMIref HHMM 

 Using hadron- hadron threshold as a reference

 Choosing a compact state as a reference
 Tetraquarks               :                              
 Petanquarks              

)4140(X
)4312(Pc

...,, qqQqqqQQQQQQ
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Formalism| Mass splitting model

  CMI
ij

ijPcCMIPc HHMM  )4312()4312(

ji mm ijwhere                      denotes the effective quark 
mass gap between i quark and j quark 

),( dun
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Formalism| Wave function 
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Formalism|  Rearrangement decay

H
A simple decay scheme

We assume that the Hamiltonian is a constant             and the sum of two-body rearrangement 

decay widths is equal to the measured width totalsum 
J
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Results for cnnnc

vv

v
v

We assum that the                  is the second lowest                                     
compact pentaquark and treat it as the reference state in 
studying other pentaquraks                                                

)4312(cP cnnncJI P )2/3(2/1)( 

)4457(cP
)4440(cP

)4337(cP
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Results for  cnnnc
Theoretical states 

Experimental states 

Ratios between decay widths of different pentaquarks 

                                                 can be regarded as the J=3/2, J=1/2, and J=1/2 pentaquark states, respectively.     )4337(,)4440(,)4457( ccc PPP
)4457(cP 0.1:0.4:3.2)/(:)(:)(   NJDD cc

0.1:5.7:0.3:0.3:5.45)(:)/(:)(:)(:)(  
cccc NNJDDD )4440(cP

)4312(cP 1.1)(:)/(  DNJ c

For               

For               

)4337(cP 3.1)/(:)(  NJDc

For               

For               

Prediction
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Results for cnnnc

Compared with the                         pentaquarks, the masses and 

rearrangement decay widths of                states are overall larger. 

cnnncI 2/1
2/3I
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Results  for cnnsc

 I=0 case, five pentaquarks have  masses around 4338 MeV and two pentaquarks have masses 

close to 4459 MeV.

Just from the spectrum, two J=3/2 pentaquark states are good candidates for the 

                and                 , but there are also other possibilities.

   

0)4338(csP
0)4459(csP

0)4338(csP

0)4459(csP
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12.0~))4338(~(:))4478(~( 00
cscs PP 

If we assign the                               to be J=3/2 pentaquark 

states                               , respectively,

 which is  contradicted with the experimantal value.

                                                                 

00 )4338(,)4459( cscs PP
)4338(~),4478(~

cscs PP

Other possible assignments:                                                                

  Theoretical widths are much 

smaller than the measured  results.                                                                

6.1
4.1

00 5.2))4338((:))4459(( 
 cscs PP

                          and                 can be regarded as the                   pentaquark states, respectively.    0)4338(csP
0)4459(csP  2/1PJ

For                 ,               0)4338(csP 0.3)(:)/(  scDJ

For                 ,               0)4457(csP 0.1:1.1:3.2)/(:)(:)(   JDD csc

The widths of J=5/2 state，the lighest J=3/2 state, and the lighest J=1/2 state are narrow.                                                                
Prediction

0)4338(csP

0)4459(csP
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Results for  cnnsc

The light J=5/2 should be a narrow one, which can be searched for in                  channel.                                                                 /J



Results for cssnc

The lighest state with spin 1/2 has mass around  4.3 GeV.

The widths of the light J=5/2 and the fourth highest J=3/2 state are narrow.                                                                             
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Results for cssnc
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Results for  

v

csssc

The lightest J=1/2 ,  the lightest J=3/2 ,  and the J=5/2 

states should all be stable  and  can be searched for in the

                  channel.

                                                         
 /0 J

v
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Summary

u                                                                      can be assigned as the pantaquark states with

                                                                 , respectively .

 )4457(,)4440(,)4337(,)4312( cccc PPPP
 2/3,2/1,2/1,2/3,2/1 PJI

00 )4459(,)4338( cscs PP  2/1,2/1,0 PJIu                                    can be assigned as the                            pantaquark states, 

respectively.

u There may also be  two extremely narrow states in             case and three stable states  in                           

                case, which can be searched for in future experiments. 

cssnc
csssc
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Thanks for your attention


