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• Charm mesons at BESIII

• Charm baryons at BESIII
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BEPCII and BESIII
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➔ Come to ~2.5 GeV in 2020



Data sets for D and ΛC productions
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Type equation here.

𝟏 × 𝟏𝟎𝟏𝟎 events 𝟑 × 𝟏𝟎𝟗 events

𝟐. 𝟗 𝒇𝒃−𝟏

𝟎. 𝟓 𝒇𝒃−𝟏 𝟑. 𝟐 𝒇𝒃−𝟏

𝟏𝟎. 𝟓 𝒇𝒃−𝟏

𝟏 𝒇𝒃−𝟏

𝟓. 𝟔 𝒇𝒃−𝟏 at 10 points
𝟒. 𝟔 < 𝒔 < 𝟓. 𝟎 GeV

130 points, 2.0< 𝒔 < 𝟒. 𝟔 GeV
𝟏 × 𝟏𝟎𝟓 had. events each



Advantage at BESIII
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Double-tag (DT)

തℎ

ℎ

e+ e−

𝑝 𝐾− 𝜋+

signal

Tag side

◼ Advantage of DT: 
Probe correlation of the pair

Absolute Br measurement:

Missing particle reconstruction: 𝜐, 𝑛

◼ Threshold characteristic:
Symmetric pair production: ∆𝐸 = 𝐸𝑟𝑒𝑐 − 𝐸𝑏𝑒𝑎𝑚

Beam-constrained mass: 𝑚𝐵𝐶 = 𝐸𝑏𝑒𝑎𝑚
2 − Ԧ𝑝𝑟𝑒𝑐

2

𝑀𝑚𝑖𝑠𝑠
2 = 𝐸𝑚𝑖𝑠𝑠

2 − 𝑝𝑚𝑖𝑠𝑠
2 , 𝑈𝑚𝑖𝑠𝑠 = 𝐸𝑚𝑖𝑠𝑠 − | Ԧ𝑝𝑚𝑖𝑠𝑠|



Charm Meson
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𝑫𝟎 → 𝑲𝑺,𝑳𝝅
+𝝅−

• 2.93 fb−1 of data @ 𝒔 = 𝟑. 𝟕𝟕𝟑 GeV

• Measurement of 𝑫𝟎/ഥ𝑫𝟎 → 𝑲𝑺,𝑳𝝅
+𝝅−

strong phase parameters 𝒄𝒊[𝒔𝒊] ≡
amplitude-weighted 𝒄𝒐𝒔[𝒔𝒊𝒏]𝜟𝜹𝑫 in 
phase-space bin 𝒊

• 17 tag modes employed, yields 
determined with 2-D fit to 𝑴𝑩𝑪 ≡

𝑬𝒃𝒆𝒂𝒎
𝟐 − 𝒑𝑫

𝟐
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𝑫𝟎 → 𝑲𝑺,𝑳𝝅
+𝝅−

Phase space described by 𝒎± = 𝒎(𝑲𝟎𝝅±)

Binning schema from CLEO PRD 82,112006 (2010)
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Equal ∆𝜹𝑫 Optimal
Modified Optimal
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𝑫𝟎 → 𝑲𝑺,𝑳𝝅
+𝝅−

Equal ∆𝜹𝑫

Red circles are BESIII measurements.
Blue Circles are predictions from Belle and Babar
Green square are CLEO results. 

Impact on the 𝜸 is improved 
by a factor of 3 comparing to 
CLEO results.

The uncertainty in 𝜸 due to 
the strong-phase is reduced 
to ~𝟏𝒐

PRL 124 241802 (2020)
PRD 101 112002 (2020)



𝑫𝟎 → 𝑲𝑺,𝑳𝑲
+𝑲−

• 2.93 fb−1 of data @ 𝒔 = 𝟑. 𝟕𝟕𝟑 GeV

• Measurement of 𝑫𝟎/ഥ𝑫𝟎 → 𝑲𝑺,𝑳𝑲
+𝑲− strong phase 

parameters 𝒄𝒊 𝒔𝒊 ; fewer bins
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PRD 102 052008 (2020)



𝑫𝟎 → 𝑲−𝝅+𝝅+𝝅−, 𝑲−𝝅+𝝅𝟎

• 2.93 fb−1 of data @ 𝒔 = 𝟑. 𝟕𝟕𝟑 GeV

• Measurement of phase-space-averaged 𝜹𝑫, coherence 
factors R, and amplitude ratios 𝒓𝑫

𝑿
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JHEP 05 (2021) 164



𝑫𝟎 → 𝑲−𝝅+𝝅+𝝅−, 𝑲−𝝅+𝝅𝟎

12

Significantly more constrained !
Impact on the 𝜸 : an uncertainty of ~𝟕𝒐



𝑫𝟎 → 𝝎𝝓

• 2.93 fb−1 of data @ 𝒔 = 𝟑. 𝟕𝟕𝟑
GeV

• Polarization puzzle: Many heavy 
meson to vector-vector decays 
have large transverse 
polarization fraction

• 𝝎 reconstructed through 𝝅+𝝅−𝝅𝟎, 
𝝓 through 𝑲+𝑲−

• Signal yields determined with fit 
to 𝑴𝝅+𝝅−𝝅𝟎 vs 𝑴𝑲+𝑲−
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𝑫𝟎 → 𝝎𝝓
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arXiv:2108.02405 



𝑫𝒔
+ → 𝝅+𝝅+𝝅−𝜼

• 6.32 fb−1 of data @ 𝒔 = 𝟒. 𝟏𝟕𝟖 − 𝟒. 𝟐𝟑𝟎 GeV

• 𝑫𝒔
+ → 𝝅+𝝅+𝝅−𝑿 decays are important background in 𝑩 →

𝑫(∗)𝝉𝝂

• W-annihilation (WA) decay 𝑫𝒔
+ → 𝒂𝟎(𝟗𝟖𝟎)𝝅 significantly 

enhanced over other WA decays

• 𝑫𝒔
+ → 𝒂𝟎(𝟗𝟖𝟎)

+𝝆𝟎 is pure WA
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𝑫𝒔
+ → 𝝅+𝝅+𝝅−𝜼
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𝓑 𝑫𝒔
+ → 𝝅+𝝅+𝝅−𝜼 = (𝟑. 𝟏𝟐 ± 𝟎. 𝟏𝟑 ± 𝟎. 𝟎𝟗)%

𝓑 𝑫𝒔
+ → 𝒂𝟎(𝟗𝟖𝟎)

+𝝆𝟎, 𝒂𝟎(𝟗𝟖𝟎)
+→ 𝝅+𝜼 = (𝟎. 𝟐𝟏 ± 𝟎. 𝟎𝟖 ± 𝟎. 𝟎𝟓)%

Significantly larger WA effects than seen in other 𝑫𝒔
+ decays

PRD 104 L071101 (2021)



𝑫𝒔
+ → 𝑲𝑺

𝟎𝑲𝑺
𝟎𝝅−

• 6.32 fb−1 of data @ 𝒔 = 𝟒. 𝟏𝟕𝟖 − 𝟒. 𝟐𝟑𝟎 GeV

• Isovector partner observed for 𝒇𝟎(𝟏𝟕𝟏𝟎)
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Not seen in earlier 𝑫𝒔
+ → 𝑲+𝑲−𝝅− work 

arXiv:2110.07650



Charm Baryon
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Singly Charm-Baryon Family
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Ground state 𝐽𝑝 =
1

2

+



PDG in 2015 PDG in 2020
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↓44%

↓50%
First

↓28%
↓61%

First

↓36%

First



PDG in 2015 PDG in 2020
Improvement: Not only the central 
value, but also the uncertainty
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↓78%

↓45%
↓33%

↓46%

↓35%



Publications at BESIII
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Hadronic decays

𝜦𝒄 → 𝒑𝑲𝝅 + 11 CF modes PRL 116, 052001 (2016)

𝜦𝒄 → 𝒑𝑲+𝑲−, 𝒑𝝅+𝝅− PRL 117, 232002 (2016)

𝜦𝒄 → 𝒏𝑲𝒔𝝅 PRL 118, 112001 (2017)

𝜦𝒄 → 𝒑𝜼, 𝒑𝝅𝟎 PRD 95, 111102(R) (2017)

𝜦𝒄 → 𝜮𝝅+𝝅−𝝅𝟎 PLB 772, 338 (2017)

𝜦𝒄 → 𝜩𝟎(∗)𝑲 PLB 783, 200 (2018)

𝜦𝒄 → 𝚲𝜼𝝅 PRD 99, 032010 (2019)

𝜦𝒄 → 𝒑𝑲𝒔𝜼 PLB 817 (2021) 136327 

Semi-leptonic decays

𝜦𝒄 → 𝜦𝒆+𝝂 PRL 115, 221805 (2015)

𝜦𝒄 → 𝜦𝝁+𝝂 PLB 767m 42 (2017)

Inclusive decays

𝜦𝒄 → 𝜦 + 𝑿 PRL 121, 062003 (2018)

𝜦𝒄 → 𝒆+ + 𝑿 PRL 121, 251801 (2018)

𝜦𝒄 → 𝑲𝒔 + 𝑿 EPJC 80, 935 (2020)

Production

𝜦𝒄
+ഥ𝜦𝒄

− PRL 120, 132001 (2018)

One of the highlights at BESIII !



Cabbibo-favor hadronic decays

23



Cabbibo-Suppressed hadronic decay
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◼ First observation of Λ𝑐 → 𝒑𝝅+𝝅− and 
improved measurement of Λ𝑐 → 𝑝𝜙

◼ Evidence of Λ𝑐 → 𝑝𝜂 (4.2σ); No hint 
for Λ𝑐 → 𝑝𝜋0

◼ Br ~ 10−3 𝜦𝒄 → 𝒑𝝓 only receives 
the internal W-emission

𝜦𝒄 → 𝒑𝝅+𝝅− 𝜦𝒄 → 𝒑𝑲+𝑲−

𝜦𝒄 → 𝒑𝜼(→ 𝜸𝜸)

𝜦𝒄 → 𝒑𝜼(→ 𝟑𝝅)



New Opportunity at BESIII

• 4.612 - 4.700 GeV, 3.9 fb-1 collected in 2019-2020
• 4.7 – 4.95 GeV, ~1.85 fb-1 collected in 2020-2021
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3.9 fb-1

~1.85 fb-1 



Singly-CS hadronic process

Important information for understanding the non-factorizable component! 
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H.-Y. Cheng, et al, PRD 97, 074028 (2018) 



Other interests

• SCS 𝜦𝒄 → 𝒑𝜼′, 𝜮+𝑲𝒔, 𝜮
𝟎𝑲+, 𝜦𝑲+, and three-body 

decay as well.

• Weak radiative decay 𝜦𝒄 → 𝜸𝜮+

• PWA to extract hadronic decays: 𝜦𝒄 → 𝚲𝝅+𝝅𝟎, 
𝜦𝒄 → 𝒑𝝅+𝝅−, …

• Inclusive decay: 𝜦𝒄 → 𝒉𝒂𝒅𝒓𝒐𝒏 + X 

…
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Stay tuned! 



Charm Baryon threshold
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Belle data, PRL 101, 172001 (2008)

𝚲+ഥ𝚲− 𝚲+ഥ𝚺− 𝚺+ഥ𝚺−

𝚵+ഥ𝚵−



ΛC
* production

29

Except the Σc and 𝚵c,  the ΛC
* will be 

produced associated with ΛC.

Threshold advantage !

ΛCΛC(2595): 4.879 GeV
ΛCΛC(2625): 4.915 GeV



“New era” From Haibo Li
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谢谢！
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