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𝛿𝑚 = 𝑚𝐷∗0𝐷0 −𝑚𝑋 3872 = 0.00 ± 0.18 MeV PDG 22

Properties of 𝑋 3872

• Proximity to ഥD∗0𝐷0 thresholds and  extremely narrow width

Γ~280 keV (LHCb), Γ ~380 keV (BESIII) 
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LHCb, Phys. Rev. D 102 (2020) 9, 092005.

BESIII, Phys. Rev. Lett. 132, 151903.

• Large isospin violating decay patterns not expected by a pure ҧ𝑐𝑐-molecule?

• Unexpected large radiative ratio- ҧ𝑐𝑐?

I. Polyakov (LHCb Collab.), CERN Seminar, June 2024.



• Theoretical models

✓ Conventional ҧ𝑐𝑐: 𝜒𝑐1 2𝑃 . 

Eichten ,Lane, Quigg, Suzuki, Barnes, Godfrey,...

✓ Compact tetraquark state.

Close, Maiani, Piccinini, Polosa, Riquer,...

✓ The ഥ𝐷∗𝐷/ഥ𝐷𝐷∗ molecular state. 

Swanson, Wong, Guo, liu,....

✓ The mixing of the ҧ𝑐𝑐 core with ഥ𝐷∗𝐷 /ഥ𝐷𝐷∗ component.

Chao, H. Q. Zheng, S.Takeuchi, Yu. S. Kalashnikova, P. G. Ortega...

Theoretical interpretations of 𝑋 3872
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• Goal: Understand structure using a unified coupled-channel framework.

• Mixing between bare cതc and ഥ𝐷 𝐷∗ hadronic channels.

• Coupled-channel dynamics naturally generate near-threshold state.

• Model tested via both mass spectrum and decay observables.

Mass coincidence with the threshold

& large isospin violation



• The Hamiltonian reads
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Coupled-channel Framework

ഥ𝐷(∗)

𝐷(∗)

Bare ҧ𝑐𝑐 meson two-meson state ഥ𝑫∗𝑫 /ഥ𝑫𝑫∗

• Interacting Hamiltonian

• Non-interacting Hamiltonian

3P0 mechanism: 𝛾 − 𝜓 3770 ( ҧ𝑐𝑐 3𝐷1)
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Coupled-channel Framework

One-Boson-exchange model

𝒗: 𝑫(∗)ഥ𝑫 − 𝑫(∗)ഥ𝑫

𝑫𝑫∗(𝑻𝒄𝒄)

ഥ𝑫∗𝑫 /ഥ𝑫𝑫∗ interaction

LHCb, Nature Commun. 13 (2022) 1, 3351 



Structure of X(3872)
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✓ 94.0 %𝐷∗0ഥ𝐷0, 4.8 %𝐷+𝐷∗−, 1.2% 𝑐 ҧ𝑐

✓ Important isospin breaking.
𝐼 = 0 (71.9%); 𝐼 = 1(28.1%)

G.J. Wang, et al., Sci.Bull. 69,3036(2024)

✓ Bound state for 𝑋(3872), Δ𝐸 = −80.4 keV.

✓ Γ𝑋→𝐷0ഥ𝐷0𝜋 = 32.5 keV.

✓ 𝑔𝑋
𝑛/𝑔𝑋

𝑐 = 1.14-dressed coupling.

• ഥ𝐷∗𝐷 interaction is attractive but insufficient → bound only with 𝒄ത𝒄



Connecting to Open-charm decay
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• For decays: 𝑋 3872 → 𝐷ഥ𝐷∗ → 𝐷ഥ𝐷 + 𝜋/𝛾

Γ𝑋 3872 →𝐷0 𝐷0𝜋 = 32.5 keV

𝑔𝑋
𝑛

keV keV

• Suppression of the charged channel arise from:

✓ Primarily the near on-shell enhancement of the intermediate 𝐷0ഥ𝐷∗0.
✓ Coupling constant: 𝑔𝛾 𝐷∗+,0 → 𝐷+,0𝛾 ∝ 𝑒𝑞 & 𝑔𝑋

𝑛/𝑔𝑋
𝑐 = 1.14.

𝑔𝑋
𝑛/𝑔𝑋

𝑐 = 1.14
𝑔𝑋
𝑐

Γ𝐷∗0→𝐷0+𝛾



Connecting to Hidden-charm decay
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• For decays: 𝑋 3872 → 𝐽/𝜓 𝜋𝜋 (𝐽/𝜓𝜌), 𝐽/𝜓𝜋𝜋𝜋(𝐽/𝜓𝜔), 𝜒𝑐𝐽𝜋

✓ ҧ𝑐𝑐 → 𝐽/𝜓+light hadron: OZI suppression

✓ Dominant contributions arise from intermediate 𝐷 ∗ ഥ𝐷(∗) channels.

C. Meng et. al, Phys. Rev. D 75, 114002 (2007).

M. Suzuki, Phys. Rev. D 72, 114013 (2005).

F. K. Guo et al,. Phys. Rev. D.83.034013 (2011)

…

C.-Y. Wong, et al, Phys. Rev. C 66.029901.

T. Barnes, et al, Phys. Rev. C.60.045202.

Z.-Y. Zhou, et al, Phys. Rev. D.100.094025.

G.-J. Wang, et al, Eur. Phys. J. C79, 567.

…

Quark Interchange Model (QIM) at quark level

S. Godfrey, N. Isgur, PRD 32,189

Z.-Yang, et al,  JHEP01(2023)058



Quark-interchange model
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• Quark interchange dynamics           spectroscopy:

✓ Potential 𝑉, all parameters, wave function: quark model

• A unified treatment of various hidden-charm decays



Representative Results: 𝑋 3872 → 𝐽/𝜓 + 𝜌/𝜔

• A direct ratio for the isospin breaking 

Constructive interference

Destructive interference
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M. Suzuki, Phys. Rev. D 72, 114013.

E. Braaten, et al. Phys. Rev. D 72.054022.

C. Hanhart, et al. Phys. Rev. D 85. 011501

LHCb, Phys. Rev. D 108. L011103.

H.-N. Wang et al. Phys. Rev. D 106, 056022.

J. M. Dias, et al. Phys. Rev. D 111, 014031.

𝑅𝑋 = 0.21

• Decay width incorporating running Γ𝜌 and Γ𝜔
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𝑋 3872 → 𝐽/𝜓 + 2 3 𝜋

✓ include 𝜌 − 𝜔 mixing 

• 𝑋 → 𝐽/𝜓 + 𝜌/𝜔 → 𝐽/𝜓 + 2(3)𝜋 ∶ Schematical amplitude

C. Hanhart, et al. Phys. Rev. D 85. 011501

LHCb, Phys. Rev. D 108. L011103.

J. M. Dias, et al. Phys. Rev. D 111, 014031.

&
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• 𝜋𝜋 distribution: without any fitting except a normalization factor 

Phys. Rev. D 108. L011103

∼1.8 (Ours)



Representative Results: 𝑋 3872 → ҧ𝑐𝑐 + 𝛾

T. Barnes, et al, Phys. Rev. D 72 (2005) 054026

✓The existence and the position of the radial nodes affect the overlap integrals.

≪

Sensitive to wave function
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• Two decay modes 
Mode I−Charmonium core: 𝑋 → 𝜒𝑐1(2𝑃) → 𝐽/𝜓/𝜓 2𝑆 + 𝛾: E1 radiative decay

Mode II−Molecular: 𝑋 → ഥ𝐷𝐷∗ → 𝐽/𝜓/𝜓 2𝑆 + 𝛾 keV  ≫ keV

Vector meson dominance model

J.Sakurai, Currents and Mesons,(Chicago: Universityof Chicago Press).

M. Bando, et al, Phys.Rev. Lett., 54:1215 (1985).



𝑋 3872 → ҧ𝑐𝑐 + 𝛾

• Mixing of 𝑋 → ത𝐷𝐷∗ → 𝐽/𝜓/𝜓 2𝑆 + γ and 𝑋 → 𝜒𝑐1(2𝑃) → 𝐽/𝜓/𝜓 2𝑆 + 𝛾:

✓ The phase between 𝜒𝑐1(2𝑃) and ഥ𝐷𝐷∗ is determined; However, undetermined phase between  two decay modes 

✓ 𝐽/𝜓γ: both decay modes and their interference are  important. 

✓ 𝜓 2𝑆 γ: Dominant contribution stem from E1 decay of ҧ𝑐𝑐 component in 𝑋 3872 .

•
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•Using the                 parametrization, the line shape as a function of 𝐸

Lineshapes of 𝑋(3872) decay

C. Hanhart, et al. Phys. Rev. D.76.034007

Y. S. Kalashnikova, et al. Phys. Rev. D 80, 074004.

M. Ablikim et al. (BESIII), Phys. Rev. Lett. 132, 151903.

× 𝑁𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛
All decay widths except ഥ𝐷𝐷∗
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Summary

• X(3872) is a mixture of 𝐷 ᪄𝐷∗ molecular component & 𝑐 ҧ𝑐(𝜒𝑐1(2𝑃))

• No new adjustable parameters after fixing to Tcc data.

• Describes spectrum and decays without free parameters.

• The isospin breaking ratio 𝑅𝑋 = 0.21.

• Only 1.2% 𝑐 ҧ𝑐-core : important for radiative decay, and govern 𝑋 → 𝜓 2𝑆 + 𝛾.

✓Radiative decay ratios sensitive to interference and wavefunction nodes.

• Framework applicable to future multi-channel exotic states, e.g. 𝑋(4010)
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Thank you for your attention! 
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Backup slides
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𝛿𝑚 = 𝑚𝐷∗0𝐷0 −𝑚𝑋 3872 = 0.00 ± 0.18 MeV PDG 22

Properties of 𝑋 3872

• Aka 𝜒𝑐1 2𝑃 in PDG. 𝐽𝑃𝐶= 1++. 

• Mass and decay width derive from 𝜒𝑐1 2𝑃 ( ҧ𝑐𝑐)

• Extremely close to ഥD∗0𝐷0 /ഥ𝐷0𝐷∗0 thresholds

𝛿𝑚 = 𝑚𝜒𝑐1 2𝑃 −𝑚𝑋 3872 = 81.35 MeV, Γ𝜒𝑐1 2𝑃 = 165 MeV

• Small total width: ~280 keV (LHCb), ~380 keV (BESIII) 

L. Meng, et al. Phys. Rept. 1019 (2023) 1-149
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S. Godfrey, et al. Phys. Rev. D 32, 189 (1985)

LHCb, Phys. Rev. D 102 (2020) 9, 092005.

BESIII, Phys. Rev. Lett. 132, 151903.

T. Barnes, et al, Phys. Rev. D 72 (2005) 054026

• Large isospin violating decay patterns not expected by a pure ҧ𝑐𝑐-molecule?

• Unexpected large radiative ratio- ҧ𝑐𝑐?

P. Colangelo et al, arXiv:2501.15888
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One-boson-exchange model

𝐷(∗)𝐷(∗) 𝐷(∗)ഥ𝐷(∗)

• 𝑔 = 0.57 is determined by the strong decays 𝐷∗ → 𝐷𝜋.

• undetermined 𝜆&𝛽.
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𝑇𝑐𝑐 & 𝑋 3872 & 𝑍𝑐& ℎ𝑐

• The 𝜋 interactions for 𝐷∗𝐷 𝐼 = 0, 𝑇𝑐𝑐 are the same with those of  ഥ𝐷∗𝐷 𝐼 = 0, 𝐶 = + (𝑋(3872))

• The long-range light meson exchanging : 𝑇𝑐𝑐 , 𝑋 3872 , & 𝑍𝑐 & ℎ𝑐 are related to each other.

• Note there is additional short-range interactions for 𝑋 3872 (by exchanging 𝑐 ҧ𝑐)

Crucial to understanding the inner structures

• In isospin limit:



Fitting

2025/11/13 G.J. Wang | Disentangling the X(3872) with Tcc 21

• 𝑝𝑝 → 𝐷 𝑝𝐷1 𝐷 𝑝𝐷2 𝜋 𝑝𝜋



Fitting

2025/11/13 G.J. Wang | Disentangling the X(3872) with Tcc 22

𝑇 𝑘𝐷∗ , 𝑘𝐷∗
′ ; 𝐸 = 𝒱 𝑘𝐷∗ , 𝑘𝐷∗

′ ; 𝐸 + න𝑑 Ԧ𝑞
𝒱 𝑘𝐷∗ , Ԧ𝑞; 𝐸 𝑇 Ԧ𝑞, 𝑘𝐷∗

′ ; 𝐸

𝐸 − 𝑚𝐷
2 + 𝑞2 − 𝑚𝐷∗

2 + 𝑞2 + 𝑖𝜖

• 𝑇𝑐𝑐
+:  𝒱 and 𝑇 − 2 × 2 matrix • 𝑋(3872):  𝒱 and 𝑇 − 3 × 3 matrix

…

[𝐷0ഥ𝐷∗0]

𝑐 ҧ𝑐

[𝐷+𝐷−∗]

…

Coupled-channel 

effect

𝐷∗0 𝐷+

𝐷0𝐷∗+



𝑋(3872)

2025/11/13 G.J. Wang | Disentangling the X(3872) with Tcc 23

• A bound state + a resonant state

• Bound state  -- 𝑋(3872)
Δ𝐸 = −80.4 keV

Γ𝑋 = 32.5 keV

• ⟨𝑟2⟩ = 11.2 fm

• 94.0 % 𝐷∗0ഥ𝐷0, 4.8 % 𝐷+𝐷∗−, 1.2% 𝑐 ҧ𝑐

• Important isospin breaking.

71.9%, 𝐼 = 0
28.1%, 𝐼 = 1

Inclusion of 𝒄ത𝒄 core
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