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• Toy model with One bare state & One channel

• Examples: 𝑋(3872) & 𝐷𝑠0(2317)

• Summary and Outlook
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Background
Traditional 

Quark model

Question：How is a hadron composed 

of these possible components?

Exotic
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Background

Question：How is a hadron composed of these 

possible components?

strong interaction 

A more comprehensive framework for systematically describing hadrons

Not only one, at least 

a set of hadron

Colorful   quark level

Colorless  hadron level

Include quark level 

and hadron level.
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Background

Question：How is a hadron composed of these 

possible components?

strong interaction 

A more comprehensive framework for systematically describing hadrons

Resonance can decay, especially for the strong interaction decay.

Colorful   quark level

Colorless  hadron level

Non-zero width shows the interaction with hadron channels

A coupled channel model is necessary !
quark level 

hadron level 6



Introduction of HEFT
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|Bi>         bare state， bare mass mi 

|(k)>    non-interaction channels

Quark level

Hadron level

3P0 model,  ……

One boson exchange, ……

HEFT

Lattice 

spectrum

Resonance
(Mass, width, pole position, coupling)

T matrix

(phase shift, 

Inelascity)

Colorful   quark level

Colorless  hadron level

Strong interaction

J. M. M. Hall et al., PRD 87(2013), 094510

J.-j. Wu et al., PRC90 (2014), 055206

C. D. Abell et al., PRD 106 (2022) 3, 034506

SEE Nov. 14, Friday, 

Zhan-wei Liu’s talk
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Introduction of HEFT
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A. Matsuyama,T. Sato, T.-S.H. Lee, 

Phys.Rept. 439 (2007) 193 Argonne-Osaka Analysis 8



Toy model : One bare state & One channel
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Toy model : One bare state & One channel
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When ǁ𝑡 → ∞, 𝑇𝑏𝑎𝑟𝑒 → −𝑡,𝑇 → 0,so the pole 

is only from 
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Toy model : One bare state & One channel
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One bare state & One channel
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One bare state & One channel
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𝑋(3872)&𝐷𝑠0(2317)

𝜌 770 &Δ(1232)
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Example: 𝑋(3872)

The interaction between D and D* OBE

Heavy Quark Symmetry

𝐷𝐷∗, 𝐷ഥ𝐷∗

interaction
Tcc

𝑐 ҧ𝑐 state

X(3872)

Λ (fixed) 𝜆（/𝐆𝑒𝑉） 𝛽

0.8 GeV 0.890 ± 0.20 0.810 ± 0.11

1 GeV 0.683 ± 0.025 0.687 ± 0.017

1.2 GeV 0.587±0.21 0.550±0.12

1.17 GeV 0.56 0.9

χc1(2P, 3940) + 𝑫ഥ𝑫∗

G.-J. Wang, Z. Yang, 

J.-J. Wu, M. Oka, 

S.-L. Zhu 

Scib.2024.07.012  
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Example: 𝑋(3872)

The interaction between D and D* OBE

Heavy Quark Symmetry

𝐷𝐷∗, 𝐷ഥ𝐷∗

interaction
Tcc

𝑐 ҧ𝑐 state

X(3872)

Λ (fixed) 𝜆（/𝐆𝑒𝑉） 𝛽

0.8 GeV 0.890 ± 0.20 0.810 ± 0.11

1 GeV 0.683 ± 0.025 0.687 ± 0.017

1.2 GeV 0.587±0.21 0.550±0.12

1.17 GeV 0.56 0.9

χc1(2P, 3940) + 𝑫ഥ𝑫∗

G.-J. Wang, Z. Yang, 

J.-J. Wu, M. Oka, 

S.-L. Zhu 

Scib.2024.07.012  

• bound state of ഥ𝐷∗0𝐷0

Δ𝐸 = −80.4 keV Γ𝑋(3872) = 32.5 keV

• ⟨𝑟2⟩ = 11.2 𝑓𝑚

• 94.0%ഥ𝐷∗0𝐷0, 4.8%𝐷∗−𝐷+, 1.2% 𝑐 ҧ𝑐

• bound state of 𝐷∗+𝐷0

Δ𝐸 = −393 keV Γ𝑇𝑐𝑐 = 70.4 keV

• ⟨𝑟2⟩ = 4.7 𝑓𝑚
• 70.0%𝐷∗+𝐷0, 30.0%𝐷+𝐷∗0
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Prediction

• 

M = 3957.9 MeV        Γχc1(2P)
= 16.7 MeV

•Main decay channel： ഥ𝐷∗𝐷

Observation of new charmonium(-like) states 

in 𝑩+ → 𝑫∗±𝑫∓𝑲+ decays

LHCb Collaboration 2406.03156

X(3872) Relevant 𝑫ഥ𝑫∗ Scattering in 𝑵𝒇 = 𝟐 Lattice QCD
H. Li, C. Shi, Y. Chen, M. Gong, J. Liang et al

CLQCD 2402.14541
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Ds0(2317), Ds1(2460), Ds1(2536), Ds2(2573)
Z. Yang, G.-J. Wang, J.-j. Wu, S.-l. Zhu, M. Oka   PRL128(2022),112001

1. Fix the bare mass and wave function from GI model；

2. The interaction of bare-channel and channel-channel；

3. Fit Lattice data；
Conclusion：

D*s0(2317)-DK
Ds1(2460)-D

*K
S-wave

Mass moving vs GI Model

Ds1(2536)-D
*K

Ds2(2573)-D
(*)K

D-wave

Mass stable vs GI model 

𝑫𝒔𝜼
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Examples: 𝐷𝑠0(2317)
Z. Yang, G.-J. Wang, J.-j. Wu, S.-l. Zhu, M. Oka   PRL128(2022),112001

1. Fix the bare mass and wave function from GI model；

2. The interaction of bare-channel and channel-channel；

3. Fit Lattice data；
Conclusion：

D*s0(2317)-DK
Ds1(2460)-D

*K
S-wave

Mass moving vs GI Model

Ds1(2536)-D
*K

Ds2(2573)-D
(*)K

D-wave

Mass stable vs GI model 

𝑫𝒔𝜼
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𝑫𝒔𝜼𝑫𝑲

𝑫𝒔𝟎(𝟐𝟑𝟏𝟕)

𝑩𝒂𝒓𝒆𝑴𝒂𝒔𝒔



Summary and Outlook
• 𝑚𝐵 < 𝑚𝛼1 +𝑚𝛼2, S-wave, strong attractive,                   two states

S-wave, weak attractive&repulsive,   one state

P-wave, strong attractive,                 two states

P-wave, weak attractive&repulsive, one state

• 𝑚𝐵 > 𝑚𝛼1 +𝑚𝛼2,  S-wave, strong&weak attractive,        two states       

S-wave, repulsive,                              one state

P-wave, strong attractive, two states                                  

P-wave, weak attractive&repulsive,   one state

• Examples: 𝑋 3872 & 𝐷𝑠0(2317)

Q
u

a
lita

tiv
e
 A

n
a
ly

sis

Below the threshold, the 

quark model prediction 

is quiet good.

Above the threshold, the 

quark model prediction 

is poor.
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Summary and Outlook
• 𝑚𝐵 < 𝑚𝛼1 +𝑚𝛼2, S-wave, strong attractive,                   two states

S-wave, weak attractive&repulsive,   one state
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• 𝑚𝐵 > 𝑚𝛼1 +𝑚𝛼2,  S-wave, strong&weak attractive,        two states       

S-wave, repulsive,                              one state

P-wave, strong attractive, two states                                  

P-wave, weak attractive&repulsive,   one state

• Examples: 𝑋 3872 & 𝐷𝑠0(2317)

• Outlook: How about two coupled-channels and two bare states?      

Q
u

a
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tiv
e
 A

n
a
ly

sis

Below the threshold, the 

quark model prediction 

is quiet good.

Above the threshold, the 

quark model prediction 

is poor.
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One bare state & One channel

2

2 2 2 2

1 2

( ) ( )
( ) ( )

, , ,
, , ,

k k k k
k k k k

V T E
T E V k dk

E m k m k i

     

       


    


    
 2 ( ) ( )

( , ', ) ( ) ( ')  ( , ', )
( )

vf k f q
t k k E vf k f k q dq t q k E

E q
 



1( , ', ) ( ) ( ) ( '),         ( ) (1 ( ))t k k E f k t E f k t E vM E v
ff

  

0 1 ffvM 

S-wave P-wave

S-wave:      ( ) 5 ( )

P-wave:      ( ) ( ) / M

f q u q

f q u q mq





2
2

2 2

1
( )

( )M

u q
q q

 
  

  

𝑣𝑣

Re[M]

E E

Re[M]

S-wave P-wave

threshold threshold

2

2

2( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

ff fu

uf uu

M E M E f q f q u qq dq

M E M E E q u q f q u q

   
   

   




Introduction of OBE and 𝐷𝐷∗ vs 𝐷ഥ𝐷∗

The interaction between D and D* OBE
𝐷(∗)𝐷(∗)

𝐷(∗)𝐷(∗)

• 𝑔 = 0.57 from the decay width of 𝐷∗ →
𝐷𝜋, while undetermined parameters 𝜆&𝛽.

The mass differences leads to isospin breaking, our calculations are 

based on the physical states of the particles.

PWA Just S-wave

Heavy Quark Symmetry


