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Name: 𝑋(3872) or 𝜒𝑐1 3872

Mass: 3871.69 ± 0.17 MeV 

(very very close to 𝐷0𝐷∗0 threshold)

Width: 1.39 ± 0.24 ± 0.10 MeV

JPC: 1++

Isospin: 0

Composition: Yet unclear

Profile of X(3872)

…?
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• The world largest data samples of  𝑒+𝑒− collision in 𝝉-charm region

• Over 20 𝐟𝐛−𝟏 high luminosity scan data above 4.0 GeV for XYZ study

• Scan data with ~500pb−1/10 MeV, continuedly data taking

XYZ program at BESIII
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More data in late 2020-2021



How to produce X(3872) at BESIII

➢ Accompany with a photon in 𝑒+𝑒−

collider 𝑒+𝑒− → 𝛾𝑋 3872

➢ Radiative transition process? 
𝒆+𝒆− → 𝝍/𝒀(𝟏−−) → 𝜸𝑿 𝟑𝟖𝟕𝟐 (𝟏++)

• Conventional charmonium radiative 

decay 𝑒. 𝑔. 𝜓 2𝑆 → 𝛾𝑋𝑐𝐽

5



Cross section of 𝒆+𝒆− → 𝜸𝑿(𝟑𝟖𝟕𝟐)

➢ 𝑒+𝑒− → 𝛾𝑋 3872 cross section line-shape by BESIII

➢M = 4200.6−13.3
+7.9 ± 3.0 MeV, Γ = 115−26

+38 ± 12 MeV

➢ Unique production mechanism at BESIII 𝑌 4260 → 𝛾𝑋 3872

➢
𝐵𝑟[𝑌 4260 →𝛾𝑋 3872 ]

𝐵𝑟[𝑌 4260 →𝜋+𝜋−𝐽/𝜓]
∼ 9% suggest commonality between Y(4260) and X(3872)

𝝎𝑱/𝝍 𝝅+𝝅−𝑱/𝝍

PRL 122, 232002

PLB 725, 127 (2013)/Rev. Mod. Phys. 90, 015003 (2018)
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Cross section of 𝒆+𝒆− → 𝜸𝑿(𝟑𝟖𝟕𝟐)

➢ Production cross section ~ 0.3 pb at 4.2 GeV with 𝜋+𝜋−𝐽/𝜓 channel

➢ 𝐵𝑟 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓 = 4.1 ± 1.3 % from BaBar’s measurement

➢ 𝜎 𝑒+𝑒− → 𝛾𝑋 3872 ~𝟕. 𝟑 𝐩𝐛; Daily luminosity at BESIII ℒ = 25 pb−1

➢ BESIII can produce ~ 180 events/day (A mini-X(3872) factory)  

𝝎𝑱/𝝍 𝝅+𝝅−𝑱/𝝍

PRL 122, 232002
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PRL 124, 152001



Decay of X(3872) at BESIII
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𝑿 𝟑𝟖𝟕𝟐 → 𝝅+𝝅−𝑱/𝝍

➢ 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓 is still the golden channel (clean and productive)

➢ ISR 𝜓(2𝑆) events as reference, remaining background 𝜋+𝜋−𝜋+𝜋− etc.

➢ Radiative photon angular distribution 1 + 𝛼 cos2 𝜃 is on progress…
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𝑿 𝟑𝟖𝟕𝟐 → 𝝎𝑱/𝝍
PRL 122, 232002 (2019)

X(3872)

X(3872)

➢ BESIII observed 𝑋 3872 → 𝜔𝐽/𝜓 signal 

with > 𝟓𝝈 for the first time

𝐵𝑟[𝑋 3872 → 𝜔𝐽/𝜓]

𝐵𝑟[𝑋 3872 → 𝜌𝐽/𝜓]
= 1.6−0.3

+0.4 ± 0.2

𝑅𝑋 3872 =
𝐴(𝜌𝐽/𝜓)

𝐴(𝜔𝐽/𝜓)
∼ 0.2 − 0.3

𝑅𝜓 2𝑆 =
𝑔𝜋0𝐽/𝜓

𝑔𝜂𝐽/𝜓
≈ 0.03

PRD 85, 011501(R) (2012)

➢ Big isospin violation effect (×10 amplitude)

➢ X(3872) is very exotic!!
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𝑿 𝟑𝟖𝟕𝟐 → 𝑫𝟎𝑫∗𝟎

𝐷∗0 → 𝛾𝐷0

𝐷∗0 → 𝜋0𝐷0

➢ BESIII observed 𝑋 3872 → 𝐷0𝐷∗0 signal with 𝟕. 𝟒𝝈 significance

➢ No obvious signal observed from 𝛾𝐷0𝐷0/𝛾𝐷+𝐷−

PRL 124, 242001 (2020)
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𝑿 𝟑𝟖𝟕𝟐 → 𝜸𝑱/𝝍/𝜸𝝍 𝟐𝑺

➢ 3.5𝜎 evidence for 𝑋 3872 → 𝛾𝐽/𝜓

➢ No signal for the 𝑋 3872 → 𝛾𝜓 2𝑆 (In tension with LHCb result)

𝐵𝑟[𝑋 3872 → 𝛾𝜓 2𝑆 ]

𝐵𝑟[𝑋 3872 → 𝛾𝐽/𝜓]

<0.59 @ 90% C.L. (BESIII) = 3.4 ± 1.4 (BaBar)

<2.1 @ 90% C.L. (Belle) = 2.46 ± 0.64 ± 0.29 (LHCb)

PRL 107, 091803 (Belle) 
PRL 102, 132001 (BaBar)
NPB 886(665) (LHCb)

Molecule? Tetraquark? or something else ... 12



New decay mode 𝑿 𝟑𝟖𝟕𝟐 → 𝝅𝟎𝝌𝒄𝟏

➢ BESIII observed 𝑿 𝟑𝟖𝟕𝟐 → 𝝅𝟎𝝌𝒄𝟏 for the first time with > 5𝝈 significance

➢ Isospin violation process, comparable decay rate with 𝜌𝐽/𝜓 (disfavor 𝝌𝒄𝟏 𝟐𝑷 assignment)

𝜒𝑐0 𝜒𝑐1 𝜒𝑐2

PRL 122, 202001 (2019)

𝐵𝑟 𝑋 3872 → 𝜋0𝜒𝑐0 /𝐵𝑟[𝑋 3872 → 𝜌𝐽/𝜓] <19 @ 90% C.L.

𝐵𝑟 𝑋 3872 → 𝜋0𝜒𝑐1 /𝐵𝑟[𝑋 3872 → 𝜌𝐽/𝜓] = 0.88−0.27
+0.33 ± 0.10

𝐵𝑟 𝑋 3872 → 𝜋0𝜒𝑐2 /𝐵𝑟[𝑋 3872 → 𝜌𝐽/𝜓] <1.1 @ 90% C.L.
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Branching ratios of 𝑿 𝟑𝟖𝟕𝟐 decay

PRL 124, 242001 (2020)

• The relative Brs using 𝜋+𝜋−𝐽/𝜓 as the 

normalized channel

• 𝑋 3872 → 𝐷0𝐷∗0 is dominant

• Global fit using world data

• Over 30% decay mode of  X(3872) is unknow

• Still have room to search

Li & Yuan, PRD 100, 094003 (2019)
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What’s next for X(3872) at BESIII

Potential topics ongoing: 

➢ Search for 𝑿 𝟑𝟖𝟕𝟐 → 𝝅+𝝅−𝝌𝒄𝟏

• Observed 𝑋 3872 → 𝜋0𝜒𝑐1 (isospin violation, P-wave 

charmonium transition)

• Search for two pions P-wave charmonium transition will 

give us some clue of  X(3872)

➢ Search for 𝑿 𝟑𝟖𝟕𝟐 → light hadrons? 

• Over 30% decay modes of  X(3872) is still unknow

• 𝑐 ҧ𝑐 → light hadrons (annihilation); molecule → light 

hadrons (?) ;…

• Searching for light hadron final state may tell us more 

information about X(3872)

…?



Other X states at BESIII
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𝛾𝑋 4140

𝜙𝜒𝑐1

𝜙𝜒𝑐2
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X states at BESIII

Searching for other X states via radiative transition at BESIII 𝑒+𝑒− → 𝛾𝑋

𝛾𝑋 4140

𝟐. 𝟒𝟔 𝐟𝐛−𝟏

𝟎. 𝟓𝟕 𝐟𝐛−𝟏

PRD 91, 032002 (2015) PRD 97, 032008 (2018)

• No significant X(4140) signal is observed in 𝜙𝐽/𝜓 system with about 3 fb−1 data 

at BESIII
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arXiv: 2103.01803 (LHCb)

X states at BESIII

• Blooming structures on 𝜙𝐽/𝜓 spectrum from LHCb measurement, e.g. X(4140), X(4274), X(4500) etc.

➢ BESIII have taken data up to 𝑠 = 5.0 GeV, more data above 4.6 GeV (ℒ~4.5 fb−1)

➢ More data can be used to exam X states at BESIII, e.g. X(4140)…

➢ More X states can be accessed via radiative transition at BESIII
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Future of BESIII
Future Physics Programme of BESIII, 
Chin. Phys. C 44, 040001 (2020)

Data taken before 2019

Data taken in 2019

Considered for future

BEPCIII vs. BEPCII

• Upgrade to BEPCIII

• 1.5 × ℒ𝐵𝐸𝑃𝐶𝐼𝐼 @ 4.2 GeV

Luminosity performance

More data will be collected, more studies will be carried out!



• BESIII is one of  the competitive experiment on X(3872) study 
(unique production mechanism, clean environment, mini-X(3872) 
factory)

• Great progress achieved: solid confirm 𝑋 3872 → 𝜔𝐽/𝜓; observe  
new decay mode 𝑋 3872 → 𝜋0𝜒𝑐1; …

• BESIII is still keeping eyes on X(3872)

• Data taking is continue, more data for X states study at BESIII

You can expect more from BESIII

Summary

Thanks for your listening!20



Backup
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• Double ring:

Symmetric collider 

• CMS energy:

2.0-5.0 GeV

• Design Luminosity:

1 × 1033cm−2s−1

BESIII experiment

BEPC II

BES III

BES III
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