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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.



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

|(k)>    non-interaction channels

Quark level

Hadron level

From 3P0 model,  and the 

wavefunction of quark model

One boson exchange (OBE)

HEFT

Lattice 

spectrum

Resonance
(Mass, width, pole position, coupling)

T matrix

(phase shift, 

Inelascity)

Section B Tue.   16:00 Curtis Abell Δ(1600)

Section C Wed. 18:10 Guang-Juan Wang  Ds, Bs

Section C Thu. 14:00  Lu Meng Tcc
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Question：Two interactions ? 

Too many solutions of a+b=5
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From 3P0 model,  and the 

wavefunction of quark model

One boson exchange (OBE)

HEFT

Lattice 
spectrum

Resonance
(Mass, width, pole position, coupling)

T matrix

(phase shift, 

Inelascity)

Question：Two interactions ? 

Too many solutions of a+b=5
Model 

dependence!



Introduction of OBE and 𝐷𝐷∗ vs 𝐷ഥ𝐷∗

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

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

PWA Just S-wave

Heavy Quark Symmetry
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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



The generation of Tcc

, ,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

       

         


    


    


𝑝𝑝 → 𝑋 𝐷0𝐷0𝜋+



𝑝𝑝 → 𝑋 𝐷0𝐷0𝜋+

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
Cheng, et al.  PRD 106,016012

The generation of Tcc



The nature of Tcc

S.Aoyama et al. PTP. 116, 1  (2006).

T. Myo et al. PPNP. 79, 1 (2014)

N. Moiseyev, PR 302, 212 (1998)

…

Coupled-channel 

effect
𝐷∗0𝐷0 /𝐷0𝐷∗0

𝐷∗− 𝐷+/𝐷∗+ 𝐷−

Complex scaling method • 

𝑚𝑇𝑐𝑐=3874.7 MeV, 

Δ𝐸 = −393 keV

Γ𝑇𝑐𝑐 = 70.4 keV

• ⟨𝑟2⟩ = 4.7 𝑓𝑚

• 70.0% 𝐷∗+𝐷0, 30.0% 𝐷+𝐷∗0

95.8%, DD∗ 𝐼 = 0
4.2% DD∗ 𝐼 = 1

Because of mass difference

𝜃 = 00



Produce X(3872) with pure 𝐷ഥ𝐷∗ + ഥ𝐷𝐷∗

From the interaction of  

𝐷𝐷∗ to obtain the 

interaction of 𝐷ഥ𝐷∗ +
ഥ𝐷𝐷∗，check X(3872) 

exists or not by pure 

𝐷ഥ𝐷∗ + ഥ𝐷𝐷∗ interaction, 

without 𝑐 ҧ𝑐 state.

𝑥 = 1.5

Λ=1.0GeV

𝑥 = 2.0

𝐕′𝑫∗𝑫 = 𝒙 ∗ 𝑽𝑫∗𝑫

First of all，it is attractive interaction

while it is not enough to form a bound

state, while just a virtual state

3870.0 + 0.26 i MeV

𝐷ഥ𝐷∗ + ഥ𝐷𝐷∗

𝐷ഥ𝐷∗ + ഥ𝐷𝐷∗ 𝐷ഥ𝐷∗ + ഥ𝐷𝐷∗

• 

𝑚𝑇𝑐𝑐=3874.7 MeV, 

Δ𝐸 = −393 keV

Γ𝑇𝑐𝑐 = 70.4 keV

• ⟨𝑟2⟩ = 4.7 𝑓𝑚

• 70.0% 𝐷∗+𝐷0, 30.0% 𝐷+𝐷∗0



Produce X(3872) with 𝐷ഥ𝐷∗ + ഥ𝐷𝐷∗ and 𝑐 ҧ𝑐

Λ=1.0GeV

Attractive interaction BUT not enough to form a bound state

• A bare state shows the 𝒄ത𝒄 bare state component. 

χc1(2P, 3940) and its wave function, determined 

by the quark model. 

• The interaction parameter γ = 4.69 for the 3P0 

model is determined through ψ(3770) to 𝑫ഥ𝑫.

• Therefore the analysis of X(3872) does not 

introduce any additional parameters.

• 

Δ𝐸 = −80.4 keV

Γ𝑇𝑐𝑐 = 32.5 keV

• ⟨𝑟2⟩ = 11.2 𝑓𝑚

• 94.0% ഥ𝐷∗0𝐷0, 4.8% 𝐷∗−𝐷+,
1.2% 𝑐 ҧ𝑐

From the interaction of  

𝐷𝐷∗ to obtain the 

intraction of 𝐷ഥ𝐷∗ +
ഥ𝐷𝐷∗，check X(3872) 

exists or not by pure 

𝐷ഥ𝐷∗ + ഥ𝐷𝐷∗ interaction, 

without 𝑐 ҧ𝑐 state.

• 

𝑚𝑇𝑐𝑐=3874.7 MeV, 

Δ𝐸 = −393 keV

Γ𝑇𝑐𝑐 = 70.4 keV

• ⟨𝑟2⟩ = 4.7 𝑓𝑚

• 70.0% 𝐷∗+𝐷0, 30.0% 𝐷+𝐷∗0



The nature of Tcc and X(3872)

𝜟𝑬 of X(3872) is extremely small, a significant 𝑫∗𝟎ഥ𝑫𝟎 wave function, 

dominates in long-range 
the 𝒄ത𝒄 component predominant in short-range, it is important to form 
this bound state

• bound state of ഥ𝐷∗0𝐷0

Δ𝐸 = −80.4 keV Γ𝑇𝑐𝑐 = 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



Prediction
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= 16.7 MeV

•Main decay channel： ഥ𝐷∗𝐷
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LHCb Collaboration 2406.03156



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



Prediction

A new Tcc resonance M=3902.4 MeV , Γ=170.3 MeV，I ~ 1



Summary

• Through Tcc to determine the DD∗ interaction

• Through fixed DD∗ interaction, and the nature of bare state to 

study X(3872)

• We find that the ഥDD∗ component dominates in X(3872), but it is 

mainly distributed in the long-range part, i.e., >1 fm, while the 

bare state still dominates in the short-range part.

• We predict X(3957) which may corresponding to X(4010) from 

LHCb



Outlook

𝐷𝐷∗, 𝐷ഥ𝐷∗

interaction
Tcc

𝑐 ҧ𝑐 state

X(3872)

Study the decay of X(3872), soon…

𝐽/𝜓𝜋，𝜂𝑐𝜌

Study Zc(3900), soon …

Study the decay of X(4010)

𝑐 → 𝑏

Tbb

Lattice spectrum

soon…

arXiv 2310.09836

Yu-Shan Ren, Guang-Juan 

Wang, Zhi Yang, Jia-Jun Wu

A more comprehensive 

framework for 

systematically

describing hadrons
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