
New results on the  X(3872) from BESIII

Xiantao Hou(On behalf of the BESIII Collaboration)

houxiantao@ihep.ac.cn

Institute of High Energy Physics, Chinese Academy of Sciences

QWG-2024 at IISER Mohali

1



contents ➢Motivation

➢BESIII experiment

➢Recent results on the 𝑋(3872) from BESIII
◆ A coupled channel analysis of the 𝑋(3872) lineshape

◆ Observation of 𝑒+𝑒− → 𝜔 𝑋(3872) at BESIII

◆ Search for the light hadron decay 𝑋 3872 → 𝜋+𝜋−𝜂 at BESIII

◆ Search for 𝑋 3872 spin partner in 𝜓 3770 radiative decay

➢Summary

2



Motivation

3



4

⚫ Important properties:
 The X(3872) (the first unexpected charmonium) was first discovered at 

the Belle experiment in 2003 during the  𝐵± → 𝐾±𝜋+𝜋−𝐽/𝜓 process. 
[Belle, Phys. Rev. Lett. 91, 262001 (2003)]

 𝑄 = 𝑚𝑋(3872) −𝑚𝐷∗0 −𝑚ഥ𝐷0 = (−0.04 ± 0.09) MeV

𝛤 = 1.19 ± 0.21 MeV
[(Particle Data Group), PTEP 2022, 083C01 (2022)]

 𝐵(𝐽/𝜓𝜌) ≈ 𝐵(𝐽/𝜓𝜔), isospin break.

[LHCb, Phys. Rev. D 108 L011103, (2023)] 

 Several possible explanations have been proposed to explain the 

properties of X(3872), including whether it may be a tetraquark or a 

hadronic molecule.

⚫ Productions:
 e+e-→γX(3872) (BESIII) , Β/Bs→ΚΧ(3872) (Belle, Babar, LHCb, CMS), 

γγ*→X(3872) (Belle), Λb decays (LHCb), pp/pതp collision “prompt”(LHCb, 

CDF, D0, ATLAS, CMS), new production mechanism?

X(3872)

Motivation
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⚫ Decays:
 Many experimental measurements have investigated the mass, width, spin-parity and decays of the X(3872). 

Over 30% decay mode of  X(3872) is unknown.
[C. H. Li and C. Z. Yuan, PRD 100, 094003 (2019)]

 Still plenty of room to explore.

⚫ Search for X(3872) → light hadrons?
 𝑐 ҧ𝑐 → light hadrons(annihilate); molecule → light hadrons(?)

 Searching for light hadron final state may tell us more 

information about X(3872).

⚫ Based on the assumption that X(3872) contains visible 

components of the 𝜒𝑐1(2𝑃), we search for the light hadron 

decay process of X 3872 → π+π−η .

Motivation

[N. Brambilla, S. Eidelman, C. Hanhart, A. Nefediev, C. P. Shen, C. E. Thomas, A. Vairo and 

C. Z. Yuan, Phys. Rept. 873 (2020), 1-154.]
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 The 0++ state(X(3700), a 𝐷ഥ𝐷 molecule, mass around 3720 MeV) is expected as a partner of X(3872) via 

heavy-quark symmetry arguments.

⚫ Spin partner of X(3872)
 Degenerated spin partners with quantum numbers 0++, 1++ and 2++ in heavy quark limit. 

[P. Colangelo, F. De Fazio and S. Nicotri, Phys. Lett. B 650, 166 (2007)]

 A shallow 𝐷ഥ𝐷 bound state was also found in LQCD  in the study 

of the coupled-channel 𝐷ഥ𝐷 − 𝐷𝑠ഥ𝐷𝑠 scattering. Binding energy : m − 

2mD =−0.4−5.0
+3.7 MeV

[S. Prelovsek, S. Collins, D. Mohler, M. 

Padmanath and S. Piemonte, JHEP 06, 035 

(2021)]

 Various strategies for the experimental search for the X(3700) in 

exclusive decays, 𝜓 3770 → 𝛾𝜂𝜂′(dominant decay), 𝜓 3770 →

𝛾𝐷0ഥ𝐷0 and 𝐵0(+) → 𝐾0(+)𝐷0ഥ𝐷0. 

[C. W. Xiao and E. Oset, Eur. Phys. J. A 49, 52 (2013)]

[L. Dai, G. Toledo and E. Oset, Eur. Phys. J. C 80, 510 (2020)] 

[L. R. Dai, J. J. Xie and E. Oset, Eur. Phys. J. C 76, 121 (2016)]

[J. Nieves and M. P. Valderrama, Phys. Rev. D 86, 056004 (2012)]

Motivation
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• In the  𝑒+𝑒− → J/ψ𝐷ഥ𝐷 reaction (Belle) indicates that there may be some evidence for 

such a bound state, with MX =3723 MeV.

 Experimentally, some hints of the existence of X(3700) have been reported.

• A hint of enhancement just above the 𝐷ഥ𝐷 threshold was both seen by the BaBar and 

Belle Collaborations in the reaction  γγ → 𝐷ഥ𝐷

[Belle, Phys. Rev. Lett. 100, 202001(2008)]

[D. Gamermann and E. Oset, Eur. Phys. J. A 36, 189 (2008)]

[BaBar, Phys. Rev. D 81, 092003 (2010)]

[Belle, Phys. Rev. Lett. 96, 082003 (2006)]

Motivation
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◆World largest 𝐽/𝜓, 𝜓(2S), 𝜓(3770) data sample 

◆ More than 37fb-1 of data taken between 2 and 

4.95GeV
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arXiv:2309.01502

Submitted to PRL

http://arxiv.org/abs/2309.01502
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Two poles are found:

A coupled channel analysis of the 𝑋(3872) lineshape

𝛤0 = 𝛤𝜋𝜋𝐽/𝜓 + 𝛤𝑘𝑛𝑜𝑤𝑛+ 𝛤𝑢𝑛𝑘𝑛𝑜𝑤𝑛
𝜔𝐽/𝜓, 𝛾𝐽/𝜓, 𝛾𝜓′, 𝜋0𝜒𝑐1
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A coupled channel analysis of the 𝑋(3872) lineshape
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Dataset at Ecm

=4.61-4.95 GeV

Events accumulation in X(3872) signal regions

arXiv:2212.07291

PRL 130, 151904 (2023)

https://arxiv.org/abs/2212.07291
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• Observed the X(3872) new production process 𝑒+𝑒− → 𝜔 𝑋(3872) with 7.8𝜎
• The lineshape of the cross section indicated that 𝜔 𝑋(3872) may be from decays of some nontrivial structures. 

Observation of 𝑒+𝑒− → 𝜔 𝑋(3872) at BESIII
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No obvious signal was observed.

arXiv: 2308.13980
PRD 109, L011102 (2024) 

https://arxiv.org/abs/2308.13980
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Upper limit at 90% C.L. for 4.18 GeV Cross section measurement Upper limit of the branching fraction ratio

Ntotal: the total number of X(3872) signal events; 

𝐿𝑖 , 𝜎𝑖 , (1 + 𝛿𝑖) are the same for both process.

Search for the light hadron decay 𝑋 3872 → 𝜋+𝜋−𝜂 at BESIII
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⚫ 𝜓 3770 → 𝛾X 3700 , X(3700) → 𝜂𝜂′(dominant decay)

 Γ𝜓 3770 →𝛾𝑋,𝑋→𝜂𝜂′= 0.293 keV,  based on 

2.9 𝑓𝑏−1 𝜓 3770 data, we can test the theoretical 

prediction. 

 The new 20 𝑓𝑏−1 𝜓(3770) data will be able to improve 

the sensitivity further. 

⚫ 𝜓 3770 → 𝛾X 3700 , X 3700 → 𝜋+𝜋−𝐽/𝜓

 Since the X(3700) decay might have a large isospin violation 

similar to X(3872) → 𝜋+𝜋−𝐽/𝜓.

 There is no theoretical prediction of this process, which can 

provide input information for the theoretical prediction.

[C. W. Xiao and E. Oset, Eur. Phys. J. A 49, 52 (2013)]

[N. A. Tornqvist, Phys. Lett. B 590, 209 (2004)]

Search for 𝑋 3872 spin partner in 𝜓 3770 radiative decay

gx: Coupling of the pole at (3722 

− i18)MeV to the channels

arXiv:2305.11682
PRD 108, 052012 (2023) 

http://arxiv.org/abs/2305.11682
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⚫ Study of 𝜓 3770 → 𝛾𝜂𝜂′

 The upper limit we get (0.9 - 1.9(× 10−5))mostly 

lower than the theoretical prediction (1.8 × 10−5)

 Disfavor that 𝜓 3770 → 𝛾𝜂𝜂′ is the dominant 

channel for X(3700) decay

 Upper limit at 90% C.L.:

No obvious signal was observed.

Search for 𝑋 3872 spin partner in 𝜓 3770 radiative decay
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 Simultaneous fit of M(π+π−l+l-) distribution with 

different masses of the X(3700)

Signal : signal MC shape

Background:1st-order Chebyshev polynomial

No obvious signal was observed.

⚫ Study of 𝜓 3770 → 𝛾𝜋+𝜋−𝐽/𝜓

 Upper limit at 90% C.L.:

 The upper limit we get from 0.9 to 3.4 (× 10−5). 

 This result can provide a constraint for the theoretical 

calculation of X(3700)

Search for 𝑋 3872 spin partner in 𝜓 3770 radiative decay
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A set of interesting and important results on the X(3872) from BESIII achieved:

✓ A coupled channel analysis of the X (3872) lineshape with 𝐷0ഥ𝐷0𝜋0 and 𝜋+𝜋−𝐽/𝜓 samples was performed 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.

✓ We observed new production mechanisms of X(3872), 𝑒+𝑒− → 𝜔 𝑋(3872) , which provide a window to peer into 

the internal structure of the X(3872).

✓ We searched for the decay 𝑋 3872 → 𝜋+𝜋−𝜂 associated with the radiative production 𝑒+𝑒− → 𝛾 𝑋 3872 . No 

obvious signal was found and the upper limits for the product of the production cross section and branching 

fraction have been given. 

✓ We searched for the X(3872) spin partner X(3700) in 𝜓 3770 radiative decay for the first time. No signal events

were observed, the upper limits of combined branching fraction have been given. The branching fraction we get is 

inconsistent with current theoretical predictions.

With the largest 𝜓 3770 data sample (20/fb) and the upgrade of BEPCII in both luminosity (*3 

times at 4.8 GeV) and the maximum energy  (~5.6 GeV), the more extensive and intensive 

investigation is ongoing, looking forward to new results in the near future.
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Partial width of the other decay channels

𝛤0 = 𝛤𝜋𝜋𝐽/𝜓 + 𝛤𝑘𝑛𝑜𝑤𝑛+ 𝛤𝑢𝑛𝑘𝑛𝑜𝑤𝑛
𝜔𝐽/𝜓, 𝛾𝐽/𝜓, 𝛾𝜓′, 𝜋0𝜒𝑐1

Parameterization



Parameterization



26

Pole search



Comparison
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Estimation of the width of 𝐷∗0

28



29

Combine the systematic uncertainties between two 𝜂 decay modes


