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Two decades have past, the nature of 
the X(3872) remains the subject of 
intense debate.

• 𝑀 𝑋 ≈ 𝑀 𝐷ഥ + 𝑀(𝐷∗)
• Γ < 1 MeV  
• 𝐽 = 1ାା , Isospin singlet (no charged partner has been found)
• 𝐵 𝐽/𝜓𝜌 ≈ B(𝐽/𝜓𝜔) , isospin break
• In pp collisions, it is produced more copiously through "prompt" 

processes, rather that through the decay of B mesons

Important properties

Various theories about its nature

The 𝑋 3872 : the first unexpected charmonium

Target of this work

• Conventional charmonium 𝜒ଵ(2𝑃)
• Hadronic molecule (deuteron)
• Compact tetraquark (diquark - anti diquark)
• Hybrid charmonium (ccbar and gluons)
• Hadro-charmonium

Compact tetraquark Hadronic molecule

∗
𝑔𝑙𝑢𝑜𝑛
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Global fit [Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

𝑋 3872 decays
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• 𝑅 = (ఊటᇱ)(ఊ/ట) ≃ 2.2
• For a pure 𝐷𝐷ഥ∗, 𝛾𝜓′ should be suppressed, 𝑅 ∼ 10ିଷ

[E.S. Swanson, Phys. Lett. B 598 (2004) 197]
• For a pure 𝜒ଵ 2𝑃 , the predictions are in a 

wide range
• A small 𝜒ଵ 2𝑃 component (5% - 12%) may 

explain                                                             
[Feng-Kun Guo et al., PLB 742 (2015) 394-398]

[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

𝑋 3872 decays
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• 𝑅 = (ఊటᇱ)(ఊ/ట) ≃ 2.2
• For a pure 𝐷𝐷ഥ∗, 𝛾𝜓′ should be suppressed, 𝑅 ∼ 10ିଷ

[E.S. Swanson, Phys. Lett. B 598 (2004) 197]
• For a pure 𝜒ଵ 2𝑃 , the predictions are in a 

wide range
• A small 𝜒ଵ 2𝑃 component (5% - 12%) may 

explain                                                             
[Feng-Kun Guo et al., PLB 742 (2015) 394-398]

• 𝑅 < 0.59, 90% C. L.

[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

𝑋 3872 decays

[BESIII, PRL 124, 242001 (2020)]



Junl i Ma
majunli@ihep.ac.cn

I H E P,  C A S
6 / 42

𝑋 3872 decays

• The pionic transitions 𝜒ଵ 2𝑃 → 𝜋𝜒ଵ
proceed through the isospin breaking by  the 
light quark masses. [S. Dubynskiy, PRD 77, 
014013 (2008)]

• Suppressed relative to 𝜋𝜋𝜒ଵ
• Disfavor the 𝜒ଵ(2𝑃) interpretation

[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

[BESIII, PRL 122, 202001 (2019)]
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• (ఘ/ట)(ఠ/ట) ≃ 1
• For a pure 𝜒ଵ 2𝑃 , 𝜌𝐽/𝜓 should be suppressed 

(isospin breaking)
• In molecular picture, an enhancement of isospin 

violation can be naturally produced    [F. Guo et 
al., Rev.Mod.Phys. 90 (2018) 1, 015004]

• A large 𝜔 interference is observed in 𝜋ା𝜋ି
mode, the ratio need to be reconsidered

[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

𝑋 3872 decays

[LHCb, arxiv:2204.12597 [hep-ex]] 
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[A. Esposito, Phys. Rev. D 92, 034028, 2015]

𝑋(3872) production

• Prompt and non-prompt productions
• There is a difference in the probability of 

producing X(3872) and that of producing 
light nuclei, in high energy collisions at 
large 𝑝்

• Disfavor pure molecular interpretation
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• Prompt production rate is consistent 
with NLO NRQCD predictions with the 𝑋(3872) modelled as a mixture of 𝜒ଵ(2𝑃) and a 𝐷𝐷ഥ∗ molecular,
assuming production proceeds 
dominantly through its 𝜒′ଵ component.                     
[C. Meng, PRD 96 (2017) 7, 074014]

• Inconsistent in low pt region, which 
may be due to the problem of the fixed-
order NRQCD calculation that may not 
be applicable for the region with small 
pT (pT ∼ 5 GeV) and large forward 
rapidity

𝑋(3872) production

[LHCb, JHEP 01 (2022) 131]

[ATLAS, JHEP 01 (2017) 117]
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𝑋(3872) production vs multiplicity

[E. Braaten, PRD 103 (2021) 7, L071901]

[A. Esposito, EPJC 81 (2021) 7, 669]

• Prompt production: X(3872) could be broken 
by comovers

• Survival rate decreases with multiplicity

• Disfavor molecular interpretation

• Can be explained by molecular interpretation
𝑋(3872)
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[Belle, PRD 84, 052004 (2011)]
[BaBar, PRD 71, 031501 (2005)]

[Belle, PTEP 2014 (2014) 4, 043C01]
[LHCb, JHEP 04 (2022) 046]

𝑋± → 𝐽/𝜓𝜋±𝜋
𝑋ത → 𝐽/𝜓𝜂

• Negative result for charged and C-odd partners
• Disfavor compact tetraquark interpretation

𝑋(3872) partners

𝑋 3872 : 𝑐𝑢 [𝑐̅𝑢ത]𝑋±: 𝑐𝑢 [𝑐̅𝑑] ?
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[Belle, PRD 84, 052004 (2011)]
[BaBar, PRD 71, 031501 (2005)]

[Belle, PTEP 2014 (2014) 4, 043C01]
[LHCb, JHEP 04 (2022) 046]

𝑋± → 𝐽/𝜓𝜋±𝜋𝑋ത → 𝐽/𝜓𝜂

𝑋(3872) partners

[Compass, PLB 783 (2018) 334-340] 𝑋ത → 𝐽/𝜓𝜋ା𝜋ି 4.1 𝜎
𝑀 = 3860 ± 10.4 MeVΓ < 51 MeV
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[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

Lineshape measurement

• Two important decay modes:
 𝜋ା𝜋ି𝐽/𝜓: Pure charged daughter particles, 

higher selection efficiency, lower background, 
narrower peak.

 𝐷∗𝐷ഥ + 𝑐. 𝑐. : Major decay mode, the opening 
threshold will strongly distort the lineshape.  
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[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

Lineshape measurement with BESIII detector 

• Two important decay modes:
 𝜋ା𝜋ି𝐽/𝜓: Pure charged daughter particles, 

higher selection efficiency, lower background, 
narrower peak.

 𝐷∗𝐷ഥ + 𝑐. 𝑐. : Major decay mode, the opening 
threshold will strongly distort the lineshape.  

[BES III, PRL 122, 232002(2019)], [BES III, PRL 124, 242001(2020)]

We have well established samples for both 
modes, we can perform a simultaneous fit!
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Fit strategy

Construct the lineshape in a model independent 
way

Correlate the number of signal events as a function 
of lineshape parameters

Model the detector effect based on the MC 
simulation and calibrate it by control samples

Unbinned maximum likelihood fit simultaneously 
to the 𝑫𝟎𝑫ഥ𝟎𝝅𝟎 and 𝝅ା𝝅ି𝑱/𝝍 samples

Investigate the result
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𝑑Br 𝐷𝐷ഥ𝜋𝑑𝐸 = 𝑩 12𝜋 × 𝑔 ∗ 𝑘ୣ(𝐸)|𝐷(𝐸)|ଶ × Br 𝐷∗ → 𝐷𝜋
𝑑Br 𝜋ା𝜋ି𝐽/𝜓𝑑𝐸 = 𝑩 12𝜋 × Γగశగష /ట|𝐷(𝐸)|ଶ
𝐷 𝐸 = 𝐸 − 𝐸 + 12𝑔 ∗ 𝜅ୣ 𝐸 + 𝑖𝑘ୣ 𝐸 +𝜅ୣ 𝐸 + 𝑖𝑘ୣ 𝐸 + 𝑖2 Γ𝑘ୣ 𝐸 = 𝜇 𝐸 − 𝐸ோ ଶ + Γଶ/4 + 𝐸 − 𝐸ோ𝜅ୣ 𝐸 = − 𝜇 𝐸 − 𝐸ோ ଶ + Γଶ/4 − 𝐸 + 𝐸ோ                     + 𝜇 𝐸 − 𝐸ோ ଶ + Γଶ/4 − 𝐸 + 𝐸ோΓ = Γగశగష/ట + Γ௪ + Γ௨௪𝐸 = 𝑀 − (𝑚బ + 𝑚ഥబ + 𝑚గబ)

𝜅ୣ 𝐸 + 𝑖𝑘ୣ 𝐸𝐷ഥ
𝐷∗ Γ(𝐸)𝑔

[C. Hanhart, PRD 81, 094028] 

Parameterization 

* Due to the limited statistics, 𝚪𝒖𝒏𝒌𝒏𝒐𝒘𝒏/𝚪𝝅శ𝝅ష𝑱/𝝍 is fixed 
[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

* It brings us the largest uncertainty

Composite particle with one unstable constituent
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𝑑Br 𝐷𝐷ഥ𝜋𝑑𝐸 = 𝑩 12𝜋 × 𝑔 ∗ 𝑘ୣ(𝐸)|𝐷(𝐸)|ଶ × Br 𝐷∗ → 𝐷𝜋
𝑑Br 𝜋ା𝜋ି𝐽/𝜓𝑑𝐸 = 𝑩 12𝜋 × Γగశగష /ట|𝐷(𝐸)|ଶ
𝐷 𝐸 = 𝐸 − 𝐸 + 12𝑔 ∗ 𝜅ୣ 𝐸 + 𝑖𝑘ୣ 𝐸 +𝜅ୣ 𝐸 + 𝑖𝑘ୣ 𝐸 + 𝑖2 Γ𝑘ୣ 𝐸 = 𝜇 𝐸 − 𝐸ோ ଶ + Γଶ/4 + 𝐸 − 𝐸ோ𝜅ୣ 𝐸 = − 𝜇 𝐸 − 𝐸ோ ଶ + Γଶ/4 − 𝐸 + 𝐸ோ                     + 𝜇 𝐸 − 𝐸ோ ଶ + Γଶ/4 − 𝐸 + 𝐸ோΓ = Γగశగష/ట + Γ௪ + Γ௨௪𝐸 = 𝑀 − (𝑚బ + 𝑚ഥబ + 𝑚గబ)

𝜅ୣ 𝐸 + 𝑖𝑘ୣ 𝐸𝐷ഥ
𝐷∗ Γ(𝐸)𝑔

[C. Hanhart, PRD 81, 094028] 

Parameterization 

* Due to the limited statistics, 𝚪𝒖𝒏𝒌𝒏𝒐𝒘𝒏/𝚪𝝅శ𝝅ష𝑱/𝝍 is fixed 
[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

* It brings us the largest uncertainty

Composite particle with one unstable constituent

𝑬 − 𝑬𝑹 𝟐 + 𝜞𝟐/𝟒 − 𝑬 + 𝑬𝑹 − 𝒊 𝑬 − 𝑬𝑹 𝟐 + 𝚪𝟐/𝟒 + 𝑬 − 𝑬𝑹 = −𝟐(𝑬 − 𝑬𝑹 + 𝒊𝚪/𝟐)

𝚪 𝑬 = 𝚪𝑹 𝐁𝐫 𝑫∗𝟎 → 𝑫𝟎𝝅𝟎 𝑬𝑬𝑹 𝟑𝟐 + 𝐁𝐫 𝑫∗𝟎 → 𝑫𝟎𝜸𝚪𝑹 = 𝟓𝟓.𝟗 𝐤𝐞𝐕
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𝑑Br 𝐷𝐷ഥ𝜋𝑑𝐸 = 𝑩 12𝜋 × 𝑔 ∗ 𝑘ୣ(𝐸)|𝐷(𝐸)|ଶ × Br 𝐷∗ → 𝐷𝜋
𝑑Br 𝜋ା𝜋ି𝐽/𝜓𝑑𝐸 = 𝑩 12𝜋 × Γగశగష /ట|𝐷(𝐸)|ଶ
𝐷 𝐸 = 𝐸 − 𝐸 + 12𝑔 ∗ 𝜅ୣ 𝐸 + 𝑖𝑘ୣ 𝐸 +𝜅ୣ 𝐸 + 𝑖𝑘ୣ 𝐸 + 𝑖2 Γ𝑘ୣ 𝐸 = 𝜇 𝐸 − 𝐸ோ ଶ + Γଶ/4 + 𝐸 − 𝐸ோ𝜅ୣ 𝐸 = − 𝜇 𝐸 − 𝐸ோ ଶ + Γଶ/4 − 𝐸 + 𝐸ோ                     + 𝜇 𝐸 − 𝐸ோ ଶ + Γଶ/4 − 𝐸 + 𝐸ோΓ = Γగశగష/ట + Γ௪ + Γ௨௪𝐸 = 𝑀 − (𝑚బ + 𝑚ഥబ + 𝑚గబ)

𝜅ୣ 𝐸 + 𝑖𝑘ୣ 𝐸𝐷ഥ
𝐷∗ Γ(𝐸)𝑔

[C. Hanhart, PRD 81, 094028] 

Parameterization 

Key features:
• Model independent
• Including the 𝐷∗𝐷ഥ self energy terms
• Including the width of 𝐷∗
• Including the coupled channel effect
• Fit parameters: 𝑔, Γగశగష/ట, 𝑀

* Due to the limited statistics, 𝚪𝒖𝒏𝒌𝒏𝒐𝒘𝒏/𝚪𝝅శ𝝅ష𝑱/𝝍 is fixed 
[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

* It brings us the largest uncertainty

Composite particle with one unstable constituent
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2 𝐼𝑚 𝐷 𝐸 = 𝑔 ∗ (𝑘ୣ+𝑘ୣ ) + Γగశగష/ట + Γ௪ + Γ௨௪
The produced numbers of events in a fitting 
range (𝑬𝒎𝒊𝒏,    𝑬𝒎𝒂𝒙 ) are:

𝜇(ଷ଼ଶ)ௗ = න 𝑑𝐸 𝑩2𝜋 ∗ 2 𝐼𝑚 𝐷 𝐸|𝐷(𝐸)|ଶாೌೣா
𝜇బഥబగబௗ = Br 𝐷∗ → 𝐷𝜋 × න 𝑑𝐸 𝑩2𝜋 ∗ 𝑔 ∗ 𝑘ୣ|𝐷(𝐸)|ଶாೌೣா
𝜇గశగష/టௗ = න 𝑑𝐸 𝑩2𝜋 ∗ Γగశగష/ట|𝐷(𝐸)|ଶாೌೣா

𝜇బഥబగబ = 𝜖బഥబగబ × 𝑅బഥబగబ × 𝜇 ଷ଼ଶௗ
𝜇గశగష/ట = 𝜖గశగష/ట × 𝑅గశగష/ట × 𝜇 ଷ଼ଶௗ
𝝐 :  efficiency and branching fractions correction

𝑹𝑫𝟎𝑫ഥ𝟎𝝅𝟎 = 𝐁𝐫 𝑫∗𝟎 → 𝑫𝟎𝝅𝟎 ×  𝒅𝑬 𝒈 ∗ 𝒌𝐞𝐟𝐟|𝑫 𝑬 |𝟐𝑬𝒎𝒂𝒙𝑬𝒎𝒊𝒏 𝒅𝑬 𝟐 𝑰𝒎 𝑫 𝑬|𝑫 𝑬 |𝟐𝑬𝒎𝒂𝒙𝑬𝒎𝒊𝒏
𝑹𝝅శ𝝅ష𝑱/𝝍 =  𝒅𝑬 𝚪𝝅శ𝝅ష𝑱/𝝍|𝑫 𝑬 |𝟐𝑬𝒎𝒂𝒙𝑬𝒎𝒊𝒏 𝒅𝑬 𝟐 𝑰𝒎 𝑫 𝑬|𝑫(𝑬)|𝟐𝑬𝒎𝒂𝒙𝑬𝒎𝒊𝒏Only one new parameter 𝝁𝑿 𝟑𝟖𝟕𝟐𝒑𝒓𝒐𝒅

Parameterization 
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Result of lineshape parameters

𝑔 = 0.16 ± 0.10ି.ଵଵାଵ.ଵଶΓ = 2.67 ± 1.77ି.଼ଶା଼.ଵ  MeV𝑀 = 3871.63 ± 0.13ି.ହା.  MeV Large systematic uncertainty 
from Γ௨௪/Γగశగష/ట
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Sources: 
 The width of 𝐷∗ 
 The uncertainties of the efficiency corrections
 The mass resolution model
 The background shape
 The mass of 𝐷 
 The uncertainties of the center-of-mass energies
 The input 𝑒ା𝑒ି cross sections and decay models in 

MC simulation

 The largest uncertainty 𝛼: the value (Γ௪ +Γ௨௪)/Γగశగష/ట is changed in range (4.2, 21.8),
mostly due to the lack of knowledge about the 𝑋(3872) absolute branching fractions

Systematic uncertainties
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Pole search

branch cut
• Due to causality, the scattering amplitude should be 

analytic over the complex energy plane, up to poles and 
branch cuts 

• The pole locations can reveal the intrinsic properties of 
the particle

• Two sheets with respect to 𝐷∗𝐷ഥ branch cut
• Sheet I:  𝐸 − 𝐸 − 𝑔 −2𝜇 𝐸 − 𝐸ோ + 𝑖Γ/2
• Sheet II: 𝐸 − 𝐸 + 𝑔 −2𝜇 𝐸 − 𝐸ோ + 𝑖Γ/2

• 𝐸୍ = 7.04 ± 0.15ି.଼ା. + −0.19 ± 0.08ି.ଵଽା.ଵସ 𝑖 MeV
• 𝐸୍୍ = 0.26 ± 5.74ିଷ଼.ଷଶାହ.ଵସ + −1.71 ± 0.90ିଵ.ଽା. 𝑖 MeV

𝑀 𝐷𝐷ഥ∗ − 𝑀 𝐷𝐷ഥ𝜋 = 7.0332 MeV
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Pole search

• Due to causality, the scattering amplitude should be 
analytic over the complex energy plane, up to poles and 
branch cuts 

• The pole locations can reveal the intrinsic properties of 
the particle

• Two sheets with respect to 𝐷∗𝐷ഥ branch cut
• Sheet I:  𝐸 − 𝐸 − 𝑔 −2𝜇 𝐸 − 𝐸ோ + 𝑖Γ/2
• Sheet II: 𝐸 − 𝐸 + 𝑔 −2𝜇 𝐸 − 𝐸ோ + 𝑖Γ/2

• 𝐸୍ = 7.04 ± 0.15ି.଼ା. + −0.19 ± 0.08ି.ଵଽା.ଵସ 𝑖 MeV
• 𝐸୍୍ = 0.26 ± 5.74ିଷ଼.ଷଶାହ.ଵସ + −1.71 ± 0.90ିଵ.ଽା. 𝑖 MeV
• 𝐸୍ is much closer to the threshold, should play a 

dominant role in the X(3872) confinement mechanism

7.04 − 0.19𝑖 MeV

Γ → 06.97 − 0.02 𝑖 MeV

7.0332 MeV branch cut
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Pole search
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The effective range expansion

• Near the threshold, the scattering amplitude can be 
expanded as the power series of the momentum 𝑘 =2𝜇(𝐸 − 𝐸ோ) (Effective Range Expansion, ERE)

• S-Wave 𝑓ିଵ 𝐸 ∼ ଵ + ଶ 𝑘ଶ − 𝑖𝑘 + 𝒪(𝑘ସ)
• Two poles on 𝑘-plane

• 𝑘ା = −12.6 + 12.3𝑖 MeV
• 𝑘ି = 14.1 − 115.3 𝑖 MeV

Γ → 0

Γ → 0

−12.6 + 12.3𝑖 MeV

14.1 − 115.3𝑖 MeV
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• 𝑘ା = −12.6 ± 5.5ି.ଶା. + 12.3 ± 6.8ି.ା.  𝑖 MeV
• 𝑘ି = 14.1 ± 5.8ିଶ.ଵାହ.ଷ + (−115.3 ± 44.6ିଵଽଶ.଼ାହଶ. ) 𝑖 MeV

The effective range expansion
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The effective range expansion

• Near the threshold, the scattering amplitude can be 
expanded as the power series of the momentum 𝑘 =2𝜇(𝐸 − 𝐸ோ) (Effective Range Expansion, ERE)

• S-Wave 𝑓ିଵ 𝐸 ∼ ଵ + ଶ 𝑘ଶ − 𝑖𝑘 + 𝒪(𝑘ସ)
• Two poles on 𝑘-plane

• 𝑘ା = −12.6 + 12.3 𝑖 MeV
• 𝑘ି = 14.1 − 115.3 𝑖 MeV

• ERE parameters
• 𝑎: scattering length 
• 𝑟: effective range

• In the limit of Γ → 0 and stable 𝐷∗, the ERE 
parameters are determined:
• 𝑎 = (−16.5ିଶ.  ିଶ.ା. ାହ. ) fm
• 𝑟 = (−4.1ିଷ.ଷ ିସ.ସା.ଽ ାଶ.଼) fm [I. Matuschek, V. Baru, F.-K. Guo, and C. Hanhart, Eur.Phys.J.A 57 (2021) 3, 101]

deuteron

𝐷ഥ 𝐷∗
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The effective range expansion

𝑎 = − 2 1 − 𝑍2 − 𝑍 1𝛾 + 𝒪 𝛽ିଵ𝑟 = − 𝑍1 − 𝑍 1𝛾 + 𝒪(𝛽ିଵ)
[S. Weinberg, Phys. Rev. 137, B672 (1965)] 𝑍: field renormalization constant

• 𝑍 = 0: pure bound (composite) state
• 𝑍 = 1: pure elementary state𝛽ିଵ ≈ ଵഏ ≈ 1.4 fm, for both deuteron and the X(3872)𝛾 = 2𝜇𝐸

X(3872) deuteron
Nearby threshold 𝐷∗𝐷ഥ 𝑝 𝑛𝑎 -16.5 fm -5.41 fm𝑟 -4.1 fm 1.75 fm

Range correction negligible important for 𝑟
Z ≈ 0.18 -|𝑟/𝑎| 0.25 0.32𝑍 0.18 0.22

Close to 0 but can not be solved 
model-independently
due to the range correction

Different sign, may suggest an 
elementary 𝑐𝑐̅ core 
[A. Esposito PRD 105, L031503]

𝑍 = 1 − 11 + |2𝑟/𝑎|
[Eur.Phys.J.A 57 (2021) 3, 101]
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LHCb [Phys.Rev.D 102 (2020) 9, 092005]Flatté: 𝑑𝑅 𝐽/𝜓𝜋ା𝜋ି𝑑𝐸 ∝ Γఘ 𝐸𝐷 𝐸 ଶ𝐷 𝐸 = 𝐸 − 𝐸 + 𝑖2 [𝑔 𝑘ଵ + 𝑘ଶ + Γఘ 𝐸 + Γఠ 𝐸 + Γ]
𝑘ଵ = 2𝜇ଵ𝐸, 𝑘ଶ = 2𝜇ଶ(𝐸 − 𝛿)     𝛿 = 8.2 MeVΓఘ 𝐸 = 𝑓ఘ  ௗᇲଶగ  ᇲ,ா ഐᇲିഐ మାഐమ/ସ ெ(ா)ଶഏΓఠ 𝐸 = 𝑓ఠ  ௗᇲଶగ  ᇲ,ா ഘᇲିഘ మାഘమ /ସ ெ(ா)ଷഏ
𝑞 𝑚ᇱ,𝐸 = ெమି ᇲା/ഗ మ ெమି ᇲି/ഗ మସெమ

𝑀 𝐸 = 𝐸 + 𝑚బ + 𝑚∗బ − 𝑚/ట
Constraints:

•  గశగష/ట(బഥ∗బ) = 0.11 ± 0.03
• Γ 𝜔𝐽/𝜓 = Γ(𝜌𝐽/𝜓)
• 𝐸 = −7.2 MeV (3864.5)

[Belle, Babar]

No substraction term like𝜇 𝐸 − 𝐸ோ ଶ + Γଶ/4 − 𝐸 + 𝐸ோ
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𝑓ఠ0.01
Flatté:

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

BW: • 𝑚 = 3871.695 ± 0.067 ± 0.068 ± 0.010 MeV
• Γௐ = 1.39 ± 0.24 ± 0.10 MeV
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LHCb [Phys.Rev.D 102 (2020) 9, 092005]

୍୍ MeV ୍୍୍ MeV



Junl i Ma
majunli@ihep.ac.cn

I H E P,  C A S
32 / 42

LHCb [Phys.Rev.D 102 (2020) 9, 092005]
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1𝜎 𝐸 = −7.2 MeV

LHCb [Phys.Rev.D 102 (2020) 9, 092005]
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Scaling?

𝑓 = − 12𝑞ఎ Γఎగ𝐸 − 𝐸 + 𝑖2 (Γఎగ + 𝑔𝑘)
𝜎 = 4𝜋 𝑓 ଶ ∼ Γఎగଶ𝐸 − 𝐸 ଶ + Γఎగ + 𝑔𝑘 ଶ4𝜎 = 4𝜋 𝑓 ଶ ∼ Γఎగଶ𝐸 − 𝐸 − 𝑔𝜅2 ଶ + Γఎగ ଶ4

𝐸 > 0
𝐸 < 0

Γఎగଶ𝐸 − 𝐸 ଶ + Γఎగ + 𝑔𝑘 ଶ4 ≈ 1𝐸Γఎగ ଶ + 12 + 𝑔2Γఎగ 𝑘 ଶ
𝑖𝑓 𝑡ℎ𝑒 𝑠𝑡𝑎𝑡𝑒 𝑖𝑠 𝑣𝑒𝑟𝑦 𝑛𝑎𝑟𝑟𝑜𝑤: 

𝜂𝜋 → 𝑎 980 → 𝜂𝜋 𝑋 3872 → 𝜋ା𝜋ି𝐽/𝜓
𝑑𝜎𝑑𝐸 ∼ 𝑔𝑘𝐸 − 𝐸 − 𝑔𝑘2 ଶ + Γ + 𝑔𝑘 ଶ4

[V. Baru et al. EPJ A 23 (2005) 523]
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• 𝐸 ∈ −17, 0  MeV (black dots)
• The choices of 𝐸 do have impact on the pole location, Δ 𝐼𝑚 𝐸୍ > −0.5 MeV
• Not in LHCb’s systematic uncertainties

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

1𝜎
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Belle [Phys.Rev.D 107 (2023) 11, 112011]

𝐵

𝐵ା

𝐷∗ → 𝐷𝛾 𝐷𝜋

• 𝐵± → 𝐾±𝑋,𝐵 → 𝐾𝑋
• 𝑋 3872 → 𝐷𝐷ഥ∗
• Constraints: 

• Γ 𝜔𝐽/𝜓 = Γ(𝜌𝐽/𝜓)
• ௗௗா = −15.11 GeVିଵ
• ഐா = ଵ.଼×ଵషయି.ଶ ୣ
• బா = ଵ.ସ ୣି.ଶ ୣ

• Only 𝑔 is floated as a free parameter
• 𝑔 = 0.29ି.ଵହାଶ.ଽ
• BW result:

• 𝑚 = 3873.71ି.ହା.ହ ± 0.13 MeV
• Γ = 5.2ିଵ.ହାଶ.ଶ ± 0.4 MeVLHCb

• 𝑚 = 3871.695 ± 0.067 ± 0.068 ± 0.010 MeV
• Γௐ = 1.39 ± 0.24 ± 0.10 MeV
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୍ MeV ୍୍ MeV

Belle [Phys.Rev.D 107 (2023) 11, 112011]

Belle
LHCb
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Belle

𝑟 = −3.0ିଵ.ହାଵ.ଷ  fm𝑎 = −31.2 fm
𝑘ା = −15.3 + 7.7 𝑖 MeV𝑘ି = 17.3 − 158.5 𝑖 MeV

Belle [Phys.Rev.D 107 (2023) 11, 112011]
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LHCb Belle This work
g 0.108 ± 0.003ି.ା.ହ 0.29ି.ଵହାଶ.ଽ 0.16 ± 0.10ି.ଵଵାଵ.ଵଶ𝑅𝑒[𝐸ூ] [MeV] 7.10 7.12 7.04 ± 0.15ି.଼ା.𝐼𝑚[𝐸ூ] [MeV] -0.13 -0.12 −0.19 ± 0.08ି.ଵଽା.ଵସ𝑅𝑒[𝑘ା] [MeV] −13.9 −15.3 −12.6 ± 5.5ି.ଶା.𝐼𝑚[𝑘ା] [MeV] 8.8 7.7 12.3 ± 6.8ି.ସା.𝑎 (fm) −27.1 −31.2 −16.5ିଶ.  ିଶ.ା. ାହ.𝑟 (fm) -5.3 −3.0ିଵ.ହାଵ.ଷ −4.1ିଷ.ଷ ିସ.ସା.ଽ ାଶ.଼𝑍 0.15 (0.33) 0.08ି.ଷା.ସ 0.18ି.ଵ  ି.ଵା.  ା.ଵଽ

Comparison
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Summary

• We performed a coupled channel analysis of the X(3872) 
Lineshape. With BESIII data, the    and ା ି
samples are analyzed simultaneously for the first time.

• The result is consistent with the molecular picture. Due to the 
uncertainty, the presence of a compact component can not be 
excluded.

• Future data taking and more measurements of the X(3872) 
decay modes will help.
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Backup slides
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LHCb

𝑘ା = −13.9 + 8.8 𝑖 MeV𝑘ି = 14.1 − 84.5 𝑖 MeV
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Estimation of the width of ∗𝟎
The Lagrangian for ∗ under HQSS is

గ   ఓ ହ ఓ 
Where is the heavy meson fields and the M is the matrix of pseudoscalar 
mesons. The partial width of ∗ା  ା reads

 గ∗శ ଶ ଶగଶ గଶ ∗శ బ
For ∗  ,

 గᇱ∗బଶ ଶగଶ గᇱ ଶ ∗బ బ గᇱ ଷ ∗శగ ଷ ∗బ 
One obtains the strong decay partial width  keV, the total width of ∗ is estimated to be ∗బ బସ.% keV


