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Ἰἕ

Discovery of the charmed heavy baryon

Å Not exclusively clear about the first observation

Å A number of experiments which published evidence for the charmed 

baryons beginning in 1975 
V First hint of charmed baryon ɫ ᴼɤ“  in BNL PRL34, 1125 (1975)

V First evidence of ɤ  at Fermi Lab  PRL37, 882 (1976)

Å The first well established state is the ɤ  at MarkII PRL44, 10 (1980)
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The charmed baryon family

ÅSingly charmed baryons
V Established ground states:  

Ώ , ɫ , ɧ , ɱ

V Excited states are being explored

ÅObservation of other doubly charmed 

baryon ╬╬ and ╬╬
ÅNo observations of other doubly or 

triply  charmed baryons 

ü Ώ : decay only weakly, many 
experimental progress since 2014 

ü ɫ : "ɫᴼΏ“ ρͯππϷ; "ɫᴼΏ‎ȩ 

ü ɧ : decay only weakly; absolute BF 
measured with  poor precision

ü ɱ : decay only weakly; no absolute BF 
measured
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Knowledge of charmed baryon decays

before 2014
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♀╬: relative to the decay of ♀ Ⱬ

╬

╬



☻╬ :  cornerstone of charmed baryon 

spectroscopy 

Å The lightest charmed baryon

Å Most of the charmed baryons will 
eventually decay to ɽc 

Å The ɽc is one of important tagging 
hadrons in c-quark counting in the 
productions at high energy energies 
and Bottom baryon decays

Å ὄɤ ᴼὴὑ “ : important input 
to Vub via b-baryon decay 6
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Spectroscopy is well 
described by the 

quark-diquark model
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☻╬weak decays

Å Contrary to charmed meson, W-exchange contribution is important

Å More information on the strong dynamics in the charm sector than 

those from the charmed meson decays  
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BESIII 
detector

LINAC

Beijing Electron Positron Collider (BEPCII)

beam energy: 1.0 ς2.5(2.8) GeV          

e+

e-

Lpeak= 1.0 x1033/cm2(4/5/2016)
2020: energy upgrade to 2.45 GeV
2025: energy update to 2.8 GeV with  

3x lumi. upgrade
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2004: started BEPCII upgrade,
BESIII construction

2008: test run
2009 - now: BESIII physics run   



The BESIII  detector
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The new BESIII detector is hermetic for neutral and charged particle 

with excellent resolution, PID, and large coverage. 

NIM A614, 345 (2010) 



Charmed baryon thresholds

BESIII energy upgrades: 

4.6 GeV (Phase I, 2014) 

Ą 4.95 GeV(Phase II, 2021) 

Ą 3x lumi. & 5.6 GeV  (Phase III, during 2026- 2030)

╬ ╬

╬ ╬

╬ ╬ ♦╬♦╬ 

4.573 GeV
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Semi-Leptonic mode

ST mode

Production near threshold 

and tag technique
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ÅTypically, two ways to study Ἣ decays:

Å Single Tag (ST): detect only one of the ☻╬☻╬
V Relative higher backgrounds

V Higher efficiencies

V Full  reconstruction

Å Double Tag (DT):   detect both of ☻╬☻╬ 

V Clean backgrounds

V Missing mass technique: missing-mass technique: 

K L/neutron, neutrino, é

V Lower efficiencies

V Systematic in tag side are mostly cancelled

ÅEcms-2m c=26  MeV only!

Å Ἣ Ἣ produced in pairs with no additional accompany hadrons.

Å e+e-Ÿɔ*Ÿ Ἣ Ἣ

ÅClean backgrounds and well constrained kinematics.

Ecms=4600MeV



Cross sections of ▄▄ ᴼ ╬ ╬
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ÅNegate the ὣτφσπ in decaying into ɤɤ reported by BELLE

ÅEnergy-dependence of |GE /GM | reveals an oscillation feature, 

which may imply a non-trivial structure of the lightest charmed 

baryon. 

PRL131, 191901 (2023)6.4 fb-1 data 



Search for ▄▄ ᴼ ╬ ╬ and Ἣ ╬
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Phys. Rev. Lett. 131, 191901 (2023)

PRD107, 072005 (2023) PRD 109, 012002 (2024) PLB 831, 137187 (2022) 

Å▄▄ ᴼ ╬ ╬: an interesting isospin violating 

process to understand the QCD dynamics at 

charm sector

V „ɤɫ Ⱦ„ɤɤ   v.s.  „ɤɫȾ„ɤɤ  

Č vaccum pol. to ὧӶὧ v.s. ίӶί

Å▄▄ ᴼ ╬ ╬

V Comparison to „ὩὩ ᴼɤɤ
Č good diquark v.s. bad diquark

https://hnbes3.ihep.ac.cn/HyperNews/get/paper453/48.html


Cross sections for  ▄▄ ᴼ ╬ ╬ and Ἣ ╬
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no significant signals are observed
PRD 112, 092017 (2025)

Ɑ☻╬♅╬ȾⱭ☻╬☻╬   Ɑ☻♅ȾⱭ☻☻ 

<~1% ~40%

Ɑ♅╬♅╬ ȾⱭ☻╬☻╬  Ɑ♅♅ȾⱭ☻☻ 

<~1% ~20%



Semi-Leptonic decays
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Decays of ☻╬ᴼ☻ⱧⱨⱧ and ☻▄ⱨ▄ 
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PRL129, 231803 (2022)

PRD 108, L031105 (2023) 

☻ⱧⱨⱧ ☻ⱧⱨⱧ 

☻▄ⱨ▄ ☻▄ⱨ▄ 

<♪
╬
>=ī0.94Ȣ Ȣ

ὄɤ ᴼΏὩ’ σȢυφ πȢρρ πȢπχϷ
ὄɤ ᴼΏ‘’ σȢτψ πȢρτ πȢρπϷ

ὄɤ ᴼΏ‘’ Ⱦὄɤ ᴼΏὩ’ πȢωψ πȢπυ πȢπσ

ὄɤ ᴼΏὩ’ σȢυφ πȢρρ πȢπχϷ

☻╬ᴼ☻ⱧⱨⱧ☻╬ᴼ☻▄ⱨ▄



Branching fractions of ☻╬ᴼ☻▄ⱨ▄
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PRL129, 231803 (2022)



Observation of ╬ᴼ▬╚ ▄ⱨ
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3.8ů
8.2ů

PRD106, 112010 (2022)

Å Second leptonic decay of ɤ  is observed!

Å Good channel to study ɤ excited states, such as 

ɤ(1405) and ɤ(1520)

PLB 843, 137993 (2023)
ὄɤ ᴼὴὑ Ὡ’ ψȢψ ρȢρ πȢχ ρπ
ὄɤ ᴼɤρυςπὩ’ ρπȢς υȢς ρȢρ ρπ



Evidence of ╬ᴼ Ⱬᴜ▄ⱨ
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arXiv:2512.05178

Å Ώ ᴼɤᶻὩ’ should have large decay 

rates into Ώ ᴼɫ“Ὡ’
Å Good way to study the state of 

ɤρτπυ via the SL decay

Å Simultaneous fit  to the three distributions assuming 

"ɤ ᴼɫ“Ὡ’ ὄɤ ᴼɫ“Ὡ’. 

Å BF is calculated to be χȢχ Ȣ
Ȣ ρȢσ ρπ ,with 

statistical significance is estimated to be 3.9 „. This is 

consistent with the separate fit.

Å Dominant contributions from the ɤρτπυ and 

ɤρυςπ 



Cabibbo-suppressed SL decays 
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PRD107, 052005 (2023) 

ὄɤ ᴼΏὩ’ σȢυφ πȢρρ πȢπχϷ
ὄɤ ᴼὴὑ Ὡ’ ψȢψ ρȢρ πȢχ ρπ
ὄɤ ᴼɤρυςπὩ’ ρπȢς υȢς ρȢρ ρπ
ὄɤ ᴼɤρτπυὩ’ σͯ ρπ

ÅThere is still room of 0.5% for un-seen SL 

decay of the ɤ
ÅThe Cabibbo-Suppressed SL decays have not 

been studied in experiment

ÅΏ ᴼὲὩ’ is the most promising channel for 

the experimental observation



Hunting for ☻╬ᴼ▪▄ⱨ

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 21

ÅImportant  process of semi-leptonic ☻╬ decay to 

probe strong dynamics in charmed baryon

ÅChallenges: 

Vneutrino is missing in detection

Vdominant backgrounds from ɤ ᴼɤᴼὲ“ Ὡ’ ,
with ~10x yields than that of the pursuing signals

Velusive neutron detection due to neutral charge and 

contaminations from the photon showers(& noises) 

in electro-magnetic calorimeter (EMC)

Need advanced Machine Learning tool to identify neutron showers in EMC

Semi-Leptonic mode

tagging

Semi-Leptonic mode

tagging



Why Graph Neural Networks (GNN)
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Å Many neural network architectures are specialized for sequential and image-

like data such as RNNs, transformers and CNNs.

Å GNN can model more arbitrary relations amongdata objects by treatingthem 

as edges between nodes in a graph.

Å Nearly unlimited labeled samples

Å Structured data

Å Clear training objectives

Å Sharing of parameters across node 

and edge updates in the graph

Å Permutation invariance

This fits well to the final state particles in physicscollisions,where we 

deal with various objects like tracks/showers and their kinematic relations.

Nature Comm. 16, 681 (2025)



Analysis strategy
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ÅThreshold ɤ  production: clean environment 

and ɤ  tagging

ÅTrain GNN with ParticleNet using control data 

from ὐȾ‪ᴼὴὲ“ ,ὴɤὑ  and c.c. modes based 

on 10B ὐȾ‪ decays 

Nature Comm. 16, 681 (2025)



Method validation
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ÅControl channels of ὐȾ‪ᴼɫ ὲ“ ɫ ὴ“  and

 ὐȾ‪ᴼɧ ɤ“ ɧ ɤ“  based on 10B ὐȾ‪ decays 

Nature Comm. 

16, 681 (2025)



Observation of ☻╬ᴼ▪▄ⱨ
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(>10 Ɑ)

good control of systematics on GNN training
ÅModel settings: network weight initialization, batch processing sequence and 

dropout layer are randomly varied

ÅDomain shift: validation of independent control sample via ὐȾ‪

ᴼɫ ὲ“ ɫ ὴ“ and ὐȾ‪ᴼɧ ɤ“ ɧ ɤ“

Nature Comm. 16, 681 (2025)



Results of BF for  ☻╬ᴼ▪▄ⱨ
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Combing with the LQCD calculation of the Form Factors,  we 

obtain ɜΏ ᴼὲὩ’ ȿ ȿὠ πȢτπυπȢπρφπȢπςπ ÐÓ,

ὠ πȢςπψπȢπρρ πȢππυ πȢππρ

first determination of ὠ  in charmed baryon decays

Nature Comm. 16, 681 (2025)



Curr ent status of the SL decays
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Chin. Phys. C 50, 022002 (2026)



Hadronic decays
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Absolute BFs of Ἣ hadronic decays
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Å A global least square fit to 12 hadronic modes

ÅAbsolute BF of ȿc
+  decays are important to validate QCD-derived models

ÅThe precisions of the BF for the reference channel of ɤ ᴼὴὑ “ :

PDG2014: ŭB/B~26%; BELLE2014: ŭB/B~5.3%; BESIII2015: ŭB/B~6.0%; 

ÅDouble tag technique is applied to control systematics

arXiv: 2601.01503

[Chin. Phys. C37(2013)106201]



Absolute BFs of Ἣ hadronic decays

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 30

V ὄὴὑ “ : best precision  and compatible with Belleôs result φȢψτπȢςτȢ
Ȣ Ϸ; 

Average value becomes φȢφυπȢρυϷ.

V Improved precisions of all the modes significantly

V Improved precisions on the cross sections and the effective form factors

unit:  % arXiv: 2601.015032024



Ἣtwo-body hadronic decay
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ɤ ᴼὴ“π

from HYCheng

BESIII: BF<2.7× 10-4

More precise comparison of the two BFs are desired to explore the interference 

of different non-factorizable diagrams and BESIII result support the theoretic 

prediction. It is predicted that 

B(☻╬ᴼ▪Ⱬ )~3.5×B(☻╬ᴼ▬Ⱬ) [PRD 97, 074028 (2018)]

PRD95, 111102(R) (2017)


