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BESIII Experiment
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𝚲𝒄
+ history at BESIII

In 2014, 567 pb-1 at 4.6 GeV 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)
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PDG in 2015 PDG in 2020
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↓44%

↓50%
First

↓28%
↓61%

First

↓36%

First



Improvement: Not only the central 
value, but also the uncertainty
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↓78%

↓45%
↓33%

↓46%

↓35%

PDG in 2015 PDG in 2020



Charmed baryon 𝜦𝒄
+
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◼ LHCb observed doubly charm baryon Ξ𝑐𝑐
++

withΞ𝑐𝑐
++ → Λ𝑐

+𝐾−𝜋+𝜋+ and Ξ𝑐
+𝜋+ decays.

𝛬𝑐
+ is lowest-lying charmed bayron:

Important for the higher mass charmed 
baryon and bottomed baryon



𝚲𝒄
+ hadronic decays

Λ𝑐 hadronic decay amplitudes[1][2]

Nonfactorizable components

Factorizable components

[1]: L. L. Chau and H. Y. Cheng, Phys. Rev. Lett. 56, 1655 (1986).

[2]: K. Yoji, Phys. Rev. D. 44, 2799 (1991).

Internal W emission W exchange
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Experimental input



Singly Cabibbo suppressed decays

Ref: J. High Energy Phys. 02 (2020) 165

Challenge: Small branching 

fractions of 10−3 or below
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Various models: SU(3) flavor 

symmetry, pole model and 

current-algebra, topological-

diagram approach, etc

* 𝑛𝜋+ ,𝑝𝜂 and 𝑝𝜂′ were observed in 2022.



𝚲𝒄
+ production at BESIII

Threshold effect: pair production of charmed mesons/baryons !
𝒆+𝒆− → 𝑫ഥ𝑫,𝑫ഥ𝑫∗, 𝑫∗ഥ𝑫∗, 𝚲𝒄

+ഥ𝚲𝒄
−
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Double-tag approach

𝑁𝑖 𝑆𝑇 = 2𝑁0 × ℬ𝑖 × 𝜀𝑖 𝑆𝑇

𝑁𝑖𝑠 𝐷𝑇 = 2𝑁0 × ℬ𝑖 × ℬ𝑠 × 𝜀𝑖𝑠 𝐷𝑇

ℬ𝑠 =
Σ𝑁𝑖𝑠 𝐷𝑇

Σ𝑁𝑖 𝑆𝑇 × 𝜀𝑖𝑠 𝐷𝑇/𝜀𝑖 𝑆𝑇

Tag-side

Process of interest
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Model-independent



New data sets at BESIII

4.6 – 4.7 GeV 0.6 + 3.8 fb-1

4.7 – 4.95 GeV 1.9 fb-1

New！
Collected in 2020 

and 2021
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𝚲𝒄
+ tagging

✓10 singly tagged modes at BESIII

✓𝑁𝑆𝑇 = 90692 ± 359 @ 4.612-4.699 GeV

𝑀BC = 𝐸beam
2 /𝑐4 − | Ԧ𝑝ഥΛ𝑐−|

2/𝑐2

• 𝐸beam is the beam energy.

• Ԧ𝑝ഥΛ𝑐− is the momentum of the ഥΛ𝑐
− candidate.

𝒔 = 𝟒. 𝟔𝟖𝟐 𝐆𝐞𝐕 as an example
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PRL 128 (2022) 142001



Observation of 𝜦𝒄
+ → 𝒏𝝅+

𝑀rec
2 = (𝐸beam − 𝐸𝜋+ Τ)2 𝑐4 − |𝜌 ⋅ Ԧ𝑝0 − Ԧ𝑝𝜋+|

2/𝑐2

• 𝜌 = Τ𝐸beam
2 𝑐2 −𝑚

Λ𝑐
+

2 𝑐2

• Ԧ𝑝0 = − Ԧ𝑝ഥΛ𝑐−/| Ԧ𝑝ഥΛ𝑐−| is the unit direction opposite to the ST 

ഥΛ𝑐
−

✓ Select the 𝜋+ against the ST ഥΛ𝑐
−.

✓ Extract the yields from the invariant mass of the 

missing part ➔ Neutron as missing particle!

PRL 128 (2022) 142001
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Energy-momentum 
conservation !

Neutron peak



Measurement of 𝚲𝒄
+ → 𝒏𝝅+

✓Red peak:    Λ𝑐
+ → 𝑛𝜋+

✓Blue peak:   Λ𝑐
+ → Λ𝜋+

✓Green peak: Λ𝑐
+ → Σ0𝜋+

Decay Yields Branching fraction

Λ𝑐
+ → 𝑛𝜋+ 50 ± 9 6.6 ± 1.2stat ± 0.4syst × 10−4

Λ𝑐
+ → Λ𝜋+ 376 ± 22 1.31 ± 0.08stat ± 0.05syst × 10−2

Λ𝑐
+ → Σ0𝜋+ 343 ± 22 1.22 ± 0.08stat ± 0.07syst × 10−2

R = ℬ(Λ𝑐
+ → 𝑛𝜋+)/ℬ(Λ𝑐

+ → 𝑝𝜋0)

✓Use ℬ Λ𝑐
+ → 𝑝𝜋0 < 8.0 × 10−5 at 90% C.L. of 

Belle from PRD 103, 072004 (2021)

R > 𝟕. 𝟐 at 90% C.L.

7.3𝜎
Consistent 

with results 

from PDG
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Comparison to theory
Decay Yields Branching fraction this work

Λ𝑐
+ → 𝑛𝜋+ 50 ± 9 6.6 ± 1.2stat ± 0.4syst × 10−4

R > 𝟕. 𝟐 at 90% C.L.

ℬ Λ𝑐
+ → 𝑛𝜋+ × 10−4 R Reference

4 2 PRD 55, 7067 (1997)

9 2 PRD 93, 056008 (2016)

11.3 ± 2.9 2 PRD 97, 073006 (2018)

8 or 9 4.5 or 8.0 PRD 49, 3417 (1994)

2.66 3.5 PRD 97, 074028 (2018)

6.1 ± 2.0 4.7 PLB 790, 225 (2019)

7.7 ± 2.0 9.6 JHEP 02 (2020) 165

✓Revisiting the Λ𝑐
+ → 𝑝𝜋0 with the 

larger data sets. New results will 

come out late this year. 

✓Contradictory with most of 

predictions
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Observation of 𝜦𝒄
+ → 𝒏𝝅+𝝅𝟎, 𝒏𝟑𝝅, 𝒏𝑲+𝟐𝝅
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✓ Double-tag approach
✓ Neutron as missing particle

𝜦𝒄
+ → 𝒏𝝅+𝝅𝟎 𝜦𝒄

+ → 𝒏𝝅+𝝅−𝝅+ 𝜦𝒄
+ → 𝒏𝑲−𝝅+𝝅+

CPC 47, 023001 (2023)



Results
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𝑩(𝜦𝒄
+ → 𝒏𝝅+𝝅𝟎)/𝑩(𝜦𝒄

+ → 𝒏𝝅+) 9.7 ± 2.4

𝑩(𝜦𝒄
+ → 𝒑𝝅+𝝅−)/𝑩(𝜦𝒄

+ → 𝒏𝝅+𝝅𝟎) 0.72 ± 0.11

𝑩(𝜦𝒄
+ → 𝒏𝝅+𝝅−𝝅+)/𝑩(𝜦𝒄

+ → 𝒏𝑲+𝝅+𝝅−) 0.24 ± 0.04

Consistent with CKM
|Vcd|/|Vcs| = (0.224 ± 0.005)

𝑩(𝜦𝒄
+ → 𝒑𝑲𝑺

𝟎𝝅𝟎)/𝑩(𝜦𝒄
+ → 𝒑𝑲𝑺

𝟎) = 1.24 ± 0.10



Branching fraction of 𝜦𝒄
+ → 𝒏+ 𝑿
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How large does 𝜦𝒄
+ decay into a neutron ?

Large uncertainty in the indirect measurement

PDG 2022
PRD 45, 752 (1992)



Strategy 

Under CP symmetry :
ഥ𝚲𝒄
− → ഥ𝒏 + 𝑿 ⟺ 𝜦𝒄

+ → 𝒏 + 𝑿

• 𝛬𝑐
+ → 𝑝𝐾−𝜋+ as tagging, yield 24577 ± 179

• Discriminate the ഥ𝒏 from the neutral noise:

𝐸ത𝑛 > 0.48 GeV, 𝑆ത𝑛 > 18 cm2, 𝐻𝑖𝑡𝑠 ത𝑛 > 20
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arXiv:2210.09561



Anti-neutron signals
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L. Liu, X. R. Zhou, and H. P. Peng, NIM A 1033 (2022) 166672

• 10 billion 𝐽/𝜓 events at BESIII
• 𝐽/𝜓 → 𝑝𝜋ത𝑛 as control sample

Three key variables: deposited energy
(𝐸ത𝑛), second moment (𝑆ത𝑛), number of hits
for each shower (𝐻𝑖𝑡𝑠 ത𝑛)

EM shower Hadronic shower



25% is missing
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This work 𝜦𝒄
+ → 𝒏 + 𝑿 (33.5 ± 0.7 ± 1.2)%

PDG
(Exclusive)

𝜦𝒄
+ → 𝒏𝒅𝒊𝒓𝒆𝒄𝒕 + 𝑿 (4.88 ± 0.30)%

(25.4 ± 0.8)%𝜦𝒄
+ → 𝚲 + 𝑿 (8.03 ± 0.41)%

𝜦𝒄
+ → 𝚺/𝚵 + 𝑿 (12.5 ± 0.66)%

25% of 𝜦𝒄
+ decays into a neutron haven’t been observed 



Summary

• BESIII has collected about 6.5 fb-1 data between 𝒔 =
𝟒. 𝟔 and  5.0 GeV.

• 𝜦𝒄
+ → 𝒏𝝅+, 𝒏𝝅+𝝅𝟎 … have been observed for the first 

time.

• 𝑩(𝜦𝒄
+ → 𝒏 + 𝑿) is about 33% of total 𝜦𝒄

+ decays, and one-
fourth of decays into a neutron have not yet observed.

• More results of 𝜦𝒄
+ will come very soon. Stay tuned !

Thanks for your attention!

Summary
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Backup



Data collected at BESIII
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