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X(3872): mass
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⚫ PDG2020 average from the 𝐽/𝜓𝜌 and 𝐽/𝜓𝜔 modes

⚫ Latest LHCb determination w/ Flatte

𝑀𝑋 = 3871.69−0.14
+0.05 MeV

LHCb, PRD102(2020)092005

⚫ Coincides with the 𝐷0ഥ𝐷∗0 threshold:

⚫ Precise measurements of 𝛿 = 𝑀𝐷0 +𝑀ഥ𝐷∗0 −𝑀𝑋 and Γ𝑋 ⇒ probability of the 
𝐷0ഥ𝐷∗0 component in the 𝑋 wave function

𝑀𝐷0 = 1864.84 ± 0.05 MeV, 𝑀𝐷∗0= 2006.85 ± 0.05 MeVPDG average: 
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𝑿 atom

⚫ 𝑋(3872): strong coupling to 𝐷0ഥ𝐷∗0

⚫ The same order as the Bohr radius of Coulomb bound state of 

𝐷−𝐷∗+, 𝐷+𝐷∗− : hadronic atoms

⚫ Coulomb binding energies:

⚫ For production: the more extended, the more difficult to be 

produced. ( 𝜎 ∝ 𝛿1/2) 

⚫ X atom: The ground state 𝐷−𝐷∗+ − 𝐷+𝐷∗− atom with 𝐶 = +

thresholds: Σ0,𝑐

Unavoidably extended, large radius, 𝑟𝑋 ≃
1

2𝜇0𝛿
≳ 10 fm

𝐸𝑛 =
𝛼2𝜇𝑐
2𝑛2

=
25.81 keV

𝑛2
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𝑿 atom

⚫ Scale separation: 𝑟𝐵Λ𝑄𝐶𝐷 ≫ 1, strong interaction is a 

perturbation for hadronic atoms:

➢ Correction to the binding energy: Δ𝐸𝑛 = 𝑂(𝛼3)

➢ Decay modes: 𝐷0ഥ𝐷∗0, 𝐷0ഥ𝐷0𝜋0, 𝐽/𝜓𝜋𝜋,…

⚫ For X atom, strong interaction by itself is nonperturbative 

due to the existence of 𝑋(3872)
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𝑿 atom

⚫ Nonrelativistic effective field theory (NREFT) for coupled channels:

➢ 1++ 𝐷0ഥ𝐷∗0

➢ 1++ 𝐷+𝐷∗−

➢ The 𝐷+𝐷∗− Green function contains both Coulomb bound states and 

continuum
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𝑿 atom

⚫ Around the threshold, LO in NREFT: constant contact terms for strong 

interaction

⚫ Approximation: Isospin-1 strong interaction neglected

➢ No isovector state was found

➢ Isospin breaking in the couplings is small:

𝑔𝑋𝜌

𝑔𝑋𝜔
= 0.26−0.05

+0.08

Hanhart et al., PRD85(2012)011501

𝐶0

𝐶0

𝐶0
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𝑿 atom

⚫ The T-matrix for positive C parity channels:    𝑇 𝐸 = 𝑉 1 − 𝐺 𝐸 𝑉 −1

⚫ The T-matrix has infinity of poles: 𝑋 3872 , hadronic atoms

Renormalization: 

Δ = Σ𝑐 − Σ0
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𝑿 atom

⚫ 𝑋 3872 gives the renormalization condition: pole at

⚫ X atom binding energy and decay width (due to decays of 𝐷∗− and into 𝐷0ഥ𝐷∗0 )  

⚫ S-wave hadronic atom poles:

83.4 ± 1.8 KeV
=

𝑀𝐴1 = 3879.89 ± 0.07 MeV
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𝑿 atom

⚫ Effective coupling for 𝐷0ഥ𝐷∗0 → 𝑋(3872)

⚫ Effective coupling for 𝐷+𝐷∗− → 𝐴1

Sommerfeld factor
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𝑿 atom

⚫ Productions of the 𝑋(3872) and the X atom

⚫ Scale separation: factorization

Braaten, Kusunoki, PRD72(2005)014012

⚫ Isospin symmetry: the short-distance parts are the same

⚫ Production rate for the X atom:

⚫ Null signal leads to a lower bound on the 𝑋(3872) binding energy 

𝛿 ≃
11 eV

𝑅Γ
2 ≃

11 eV

𝑅𝜎
2

𝑅Γ ≃ 𝑅𝜎 ≳ 8 × 10−3
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𝑿 atom
LHCb, PRD102(2020)092005

LHCb, JHEP08(2020)123
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Conclusion

⚫ The X(3872) has been discovered for 17 years, debates continue

⚫ Important to precisely measure the binding energy and width of X(3872):

➢ X atom can be used to set a lower limit on the X(3872) binding energy and to 

understand the debates regarding the production

Thank you for your attention!


