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Why charmed baryons are relevant today?

Typically, a bottom baryon will decay to a charmed 
baryon

– Most of the information are available only for Λc

– Scarse for other charmed baryon

Λb decay 
modes
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Why charmed baryons are relevant today?
● Λc(2595) and Λc(2625) are usually assigned as degenerate P-wave JP = 1/2- and JP = 3/2- partners
● CDF observed Λb → Λc μν decay rates

– Higher probability of Λc(2625)

– Contradicts Lattice QCD at larger q2 (PRD 103, 094516 (2021), PRD 105, 054511 (2022))

– Proposed dynamical structure for Λc(2595) that sits close to Σcπ threshold, similar to Λ(1405) and Λ(1520)

● LHCb has observed hadronic decays Λc → Λcπ and reported similar decay rate (Phys. Rev. D 85, 092001 (2012))
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● Σc are the natural counterpart of Λc, with which share 
the same valence quarks
– Σc have “bad” diquark [ud]spin=1 that makes them heavier
– Comparison with fully light hadrons

● Σc-Σc bound state is predicted with different models to 
describe the Σc-Σc interaction
– However, no experimental data

Why charmed baryons are relevant today?
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Even the Λc have still some limited knowledge: 
● jump of cross section nearby threshold, 
● oscillating behaviour of the GE/GM ratio, 
● many unmeasured final states with neutrals
● ...

Why charmed baryons are relevant today?
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BEPCII @ IHEP

LINAC

2-rings 
tunnel

e+ e- collider operating since 2009

Ecm: 1.95-4.95 GeV

L(@3770 GeV) = 1.1 x 1033 cm-2 s-1
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BESIII @ BEPCII

NIM A 614 (2010) 345-399 
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Studying charmed baryons at BESIII

Data samples

Single or double-tag analyses:

D, Ds, Λc

D, Ds, Λc

Chin. Phys. C 46, 113003 (2022)

Unique samples of charmed baryons 
at thresholds!
Λc Λc = 4.573 GeV
ΛcΣc = 4.739 GeV
Λc Λc*= 4.878 GeV
ΣcΣc = 4.906 GeV
ΞcΞc = 4.934 GeV

Single tag: High efficiency, higher background
Double tag: excellent purity, lower efficiency
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Today’s results
● Absolute BR of Λc hadronic decays – arXiv: 2601.01503 – 

accepted by JHEP

● Cross section of ΣcΣc and ΣcΛc – PRD 112 (2025) 9, 092017

● Cross section of ΛcΛc(2XXX) – PRD 109 (2024) 7, L071104

● Λc(2xxx) → Λcππ – PRD 109 (2024) 11, 112007

A huge list of Λc papers available at request
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BR of hadronic 
Λc decays

● Improve precision of Λc crucial to pin down charmed 
baryons

● 7 Data sample from 4.6 to 4.698 GeV
● Study of 12 hadronic final states

– First ST studies

– Then DT measurements

arXiv: 2601.01503
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BR of hadronic Λc decays
Global fit to extract branching ratios and yields for energy 

Factor 2 or 3 better than previous measurements

arXiv: 2601.01503
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e+e- → ΣcΣc and e+e- -> ΣcΛc

Search for e+e- → ΣcΣc (and excited states) crucial to understand the hadronization 
from e+e- → ccbar.
Isospin violating e+e- → ΣcΛc can also provide information to diquark (ud) attachment

Dataset

Λc tagged via four hadronic modes (pKπ, pKs, 
Λπ, Σ0π)

Σc reconstructed by adding to a Λc an additional 
pion

ΣcΣc cross section very complicated to be extracted due to Λc* contributions. 

Three dataset are extracted by the number of pions associated to Λc

Λc tag: 0 pions
Λcπ tag: 1 pion (any charge)
Λcππ tag: 2 pions (any charge)

PRD 112 (2025) 9, 092017
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ΣcΣc cross section
No signal found. Extracted upper limits with different 
lineshape hypotheses

At least 2 order of magnitude suppressed with 
respect to e+e- → ΛcΛc

Results aligns with Belle e+e- → ΛcX (~141 pb) and ΣcX (~8 pb), where a similar suppression is 
observed. (Phys. Rev. D 97, 072005 (2018).) 
However, measurement of ΣcX is ten times larger away from threshold. Reason to be investigated 
since not the same in light hadron case (ΛΛ ~ 90 pb, ΣΣ ~ 30 pb)

PRD 112 (2025) 9, 092017
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ΣcΛc cross section

No signal observed at any energy

~1% magnitude wrt to ΛcΛc provides 
information about the magnitude of 
electromagnetic contribution in the 
production of charmed hadrons 

PRD 112 (2025) 9, 092017
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e+ e- → ΛcΛc(2xxx) cross section
No measurements of ΛcΛc(2595) and ΛcΛc(2625) cross section exists

BESIII can use the datasets above 4.9 GeV: 
- ~208/pb @ 4918 MeV
- ~170/pb @ 4950 MeV

Analysis strategy:
- MC simulation of the prompt Λc → pKπ and from the decay of the excited charmed baryon (via Λcππ)
- count all the events with mpKπ > 2.5 GeV
- use sideband to account for background

PRD 109 (2024) 7, L071104
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e+ e- → ΛcΛc(2xxx) cross section
Count the events in the Λc recoil mass:
See are from prompt Λc

Sinte are Λc from excited baryon

To extract born cross section, 
assuming no CP violation

PRD 109 (2024) 7, L071104
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e+ e- → ΛcΛc(2xxx) cross section

Lineshape used to estimate vacuum polarization 
and efficiency.

Non-zero cross section at threshold due to the 
Coulomb factor C

First ever measurement of these processes 

Similar to Λb semileptonic decay!

PRD 109 (2024) 7, L071104
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Λc(2625) form factor
For Λc(2625), owing to larger statistics, it is possible to extract the αΛc parameter from 
angular distributions 

This is also connected to ratio of form factors 
via

Sign flip very close to the pair 
production  energy?

PRD 109 (2024) 7, L071104
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Absolute BR of Λc(2625) → Λcππ
Studying dominant hadronic decays of excited charmed hadrons are crucial to understand their 
nature and provide experimental information to phenomenological models

Use e+e- → ΛcΛc(2xxx) process, one Λc is tagged through 3 hadronic modes (pKπ, pKs, Λπ+)

Partial reconstruction method:
Only Λc, π-, π+ are reconstructed

Best candidate is selected using

PRD 109 (2024) 11, 112007



20

Absolute BR of 
Λc(2625) → Λcππ

Tag mass to identify the Λc

We expect then two contributions:
- if Λc is prompt, a narrow Λc* signal appears
- il Λc is from Λc*, a wider Λc* signal appears

We combine the shapes to extract the number of 
events

PRD 109 (2024) 11, 112007
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Absolute BR of Λc(2625) → Λcππ

11.9σ significance for Λc(2625)→ Λcππ

No signal of Λc(2595)

BR lower than expected from theoretical 
prediction of isospin symmetry in the decay

Threshold effect in the decay of Λc(2625) as 
in the decay of Λc(2595)?

This is the first absolute measurement of the process and can provide crucial element to 
HHChPT models and guide the discovery of other decays

PRD 109 (2024) 11, 112007
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BESIII and BEPCII upgrades

Upgrade started in 2024 and completed early 2025

Upgrade of machine (luminosity and center of mass energy)

Upgrade of the inner tracker: the new CGEM-IT

Chin.Phys.C 44 (2020) 4, 040001
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BESIII and BEPCII upgrades

April 2026
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Summary and outlook
● (Excited) Charmed baryon are one of the cornerstones for the study of Lb

– And are exciting by themselves!

● BESIII offers an unique look to study charmed baryons close to threshold
– Cross section and absolute branching ratio are achievable!
– Lower production cross sections but clean environment

● In 2024, BESIII upgraded the machine and the detector to expand its reach
– Reached 1.1x1033 cm-2s-1 at 4.7 GeV, useful for charmed baryon
– New inner tracker for better study of low momentum particles
– New upgrade of center of energy scheduled in 2028
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THANKS!

DANKE!

谢谢 !
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Additional material
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Λc polarization
ArXiv: 2508.11400

Complete extraction of many parameters from 
e+e- → Λc Λc

4 two-body final states (Λπ+, pKs, Σ0π+, Σ+π0) and the 
golden channel Λc → pKπ used
 
Using all dataset from 4.6 to 4.95 GeV, ~6.4/fb

To extract polarization, full fit to helicity distribution
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Λc polarization
Extraction of cross section, |GE/GM| ratio and their relative phase

While theoretical models descibe well the ratio, still 
large discrepancies on the phase

ArXiv: 2508.11400
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Λc polarization
Extraction of cross section, |GE/GM| ratio and their relative phase

While theoretical models descibe well the ratio, still 
large discrepancies on the phase

Non-zero relative phase implies a net 
polarization, that shows dependence 
as a function of the Λc emission angle

ArXiv: 2508.11400



30

Λc polarization
ArXiv: 2508.11400
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Λc 
polarization

Comparison of 
angular distribution 
from theoretical 
calculation and 
experimental data

ArXiv: 2508.11400
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