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Discoveryof the charmed heavybaryon

A Not exclusively clear abouthe firstobservation
A A number of experiments which published evidence for the charmec
baryons beginning in 1975
V First hintof charmed baryon + © ¥ IN BNL PRL34, 1125 (1975)
V First evidenceof ¥ at Fermi Lab prL37, 882 (1976)
A Thefirst well establishedstate is the ¥ at Markll Pr144, 10 (1980)
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The charmed baryon family

A Singly charmed baryons
V Establishedyroundstates:

Q b + ’ h ’ m
V Excitedstatesarebeingexplored

A Observation of other doubly charmed
baryon 4qand 44

A No observationsof other doubly or
triply charmedbaryons

U Q :decayonly weakly, many
experimental progresssince2014

U+t "¢ OQ“xpmrmP@ ©Qr)e

U h :decay only weakly;absolute BF
measuredwith poor precision

U m :decay only weakly;no absolute BF
measured
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Knowledgeof charmed baryon decays
0 : . before2014

| e R °.: relativeto the decayof ¢ Z
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@ : cornerstone of charmed baryon

spectroscopy

To

Thelightestcharmedbaryon

T>o

Most of the charmedbaryonswill
eventuallydecayto [ c

A Ther cisoneof important tagging
hadronsin c-quarkcountingin the
productionsat highenergyenergies
and Bottom baryondecays

A 6¥ Ono . important input
to V_, viab-baryondecay

()5

C
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@. weak decays

A Contraryto charmednesonW-exchangeontributionis important
A More informationonthe strongdynamicsin the charmsectorthan
thosefrom thecharmedmesondecays

Topological Diagrams for A7 decays

ﬁ K ars

q q 7
T C '
W-emission 7 internal W-emission C I inner W-emission C'

H.-Y. Cheng ef al., Chinese Journal of
Physics, 78(2022) 324-362

>

Non-factorization amplitude

— Calculation 1s not reliable,

need exp. mput

d .‘L.d

B

I-----l
L=l
Y
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beam energy: 1. Q 2.5(2. 8) GeV x f w
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2004 started BEPCII upgrade
BESIII construction

2008 test run

2009 now: BESIII physics run

o | Lyear= 1.0 x18%cm?(4/5/2016)
>4 2020:energyupgradeto 2.45GeV

2025:energyupdateto 2.8 GeVwith

_, 3xlumi. upgrade
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The BESII detector

BSOO

bl 06 0_:_950‘3
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NIM A614, 345 (2010)

EMC: Csl crystals
AE/E =2.5% @ 1 GeV - Barrel
AE/E =5.0% @ 1 GeV - Endcaps
TOF:
ot = 80 ps Barrel
ot =110 (60) ps Endcap

MDC: small cell & He gas
Oy~ 130 um
cp/p = 0.5% @1GeV
dE/dx = 6%

Magnet: 1T Super conducting
Muon ID: 9 layer RPC

Trigger: Tracks & Showers

The new BESIII detector is hermetic for neutral and charged particle
with excellent resolution, PID, and large coverage.
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sColll

Charmed baryon thresholds &%

L L ¢Je 1
1) 1 T 1l T

as

BESlllenergy upgrades:
4.6 GeV (Phase€l, 2014)
A 4.95 GeV(Phasell, 2021)
A 3xlumi. & 5.6 GeV (Phaselll, during 2026- 2030)
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SESIT Production near threshold

and tag technique Ee...=asoomev
A E,.<2m =26 MeVonly!

A+ -y produced in pairs with no additional accompany hadrons.
A e+6'V o* Y "H “H

P
A Clean backgroundsndwell constrained kinematics. . [
A Typically, two waysto study -ydecays: Sem;ﬁgpk{gmode
A SingleTag (ST): detectonly oneof the @ @ (L) —e
V Relative higher backgrounds - / —
V Higher efficiencies @_';_Ceﬂ
V Full reconstruction 6
A DoubleTag (DT): detectboth of ey e @n// ST mode
V Cleanbackgrounds @ \,
V Missing masstechnique: missingmass technique: ©
K/ neutron, neutrino, & NDT _
V Lower efficiencies B; = -4 €J
V Systematic in tag side are mostly cancelled N_—,-ST Eij

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 11



BESI Crosssectionsof g g © 1 1L
3847/pb [2019.12-2020.06] T 1r

« 6.4fb! data PRL131, 191901 (2023)

1847/pb [2020.11-2021.02]
800 567/pb [2014]
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A Negétethéc‘b(r (p‘c) m deéayingintox ¥ reportedby BELLE
A Energydependence of |3G,, | reveals an oscillation feature,
which may imply a nottrivial structure of the lightest charmed

baryon.
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SCSI 0 :
Searchfor g iLpand -y L

A mm ° 1L A an interesting isospinviolating Phys. Rev. Lett. 131, 191901 (2023)
process to understandthe QCD dynamics at T[T S
charm sector wl ‘ * Besmaors
V , vt T,(x ¥v)vs., ¥ T, (Y T | - reabold
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https://hnbes3.ihep.ac.cn/HyperNews/get/paper453/48.html

sColll Crosssectionsfor g g ©

e . PRD 112, 092017 (2025)
no significant signalareobserved

- Data

— Fit result
= 25, (UL 25)
100 |- — AR (2595) (Aia'm)
— A¢A, (2595) (Ala')
— AR (2625) (i)
— AR, (2625) (Afn%n)

— AT
Hadronic Bkg

(s =4.918 GeV (s = 4.951 GeV

a ety 7( ey &)

L d &t 74( ®®
<~1%

~40%
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Events / (2.0MeV/c?
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Qg g 70(ey &)

L
<~1%
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2.54
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TABLE IV. Summary of the upper limits on Born cross sections of ete™ — AFX_ at 90% C.L.. The results of opor(eTe™ —

AFA;) are input from Ref. [20], where the first uncertainty represents statistical uncertainty and the second one represents
systematic uncertainty.

NE 4.750 GeV 4.781 GeV 4.843 GeV 4.918 GeV 4.951 GeV
R(o) (%) <11 < 0.6 <15 <34 <16
oBorn(ete™ = ATAL) (pb) 1344+3+4 127+2+4 83+2+3 96 +3+4 88+4+3

TABLE III. Summary of fvp, fisr and oBorn (ete™ — X.X.), based on different assumptions of line shapes: 1. baseline model
adopting ete™ — AFA. measurements from Ref. [20]; 2. threshold-enhanced hypothesis (Hypothesis 1); 3. non-enhanced
scenario (Hypothesis 2). All upper limits are set at the 90% C.L., and do not include the systematic uncertainties.

s f baseline Hypothesis 1 Hypothesis 2
fvp 1.06 1.06 1.06
4.918 GeV Jisr 0.96 0.68 0.58
OBorn < 0.55 pb < 0.61 pb < 0.83 pb
fve 1.06 1.06 1.06
4.951 GeV fisr 0.96 0.81 0.79
TBorn < 0.34 pb < 0.39 pb < 0.49 pb
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BESIT Decaysof @ O eH'hyand g h
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BESII Branching fractions of @ ©

PRL129, 231803 (2022)
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BESIT Opservation of 1 O = g

PRDL06, 112010 (2022)
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A Secondeptonicdecayof ¥ isobserved! '305_ B<3.9x10° @ 90%C.L. i B<3.3x10* @ 90%C.L. -
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BESIT  Evidence of 1 O

A Q ° ¥'Q’ shouldhavelargedecay W/< W -
ratesinto Q © +4'Q” T Z}w ‘ R ;} -
A Goodway to studythe stateof AL - A} -
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POl cabibbo-suppressedsL decays

A Thereis still roomof 0.5%for un-seenSL e
decayof they e

A TheCabibbeSuppressed SL decalyavenot W
beenstudiedin experiment ‘ d

A'Q O £Q’ isthemostpromisingchannefor Age > wn
theexperimental observation a g 4

PRD107, 052005 (2023
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SOOI Hunting for @L© = g h

Almportant processof semileptonic @.decayto Q.. /0
probe strong dynamicsin charmed baryon =" *"" /o\t)
AChallenges: Q—F—0
V neutrinois missingin detection
V dominant backgroursfromy © ¥ O g¢* Q°’ | 0\0_0/0
with ~10x yields thanthatof the pursuingsignab Q. \Q
V elusive neutrometectiondueto neutralchargeand smitatoncmoe Q —Q
contaminationgrom the photonshowerg & noiseg - / |
in electremagnetic calorimetgfEMC) K) e \)

NeedadvancedMachine Learning tool to identify neutron showersin EMC

single n single A
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SCOlL why Graph Neural Networks (GNN)

Nature Comm. 16, 681 (2025)

A Many neural network architectures are specialized for sequential and imag
like data such as RNNs, transformers and CNNs.

A GNN can model more arbitrary relatiomsiongdata objects byreatingthem
as edges between nodes in a graph.

e

A Sharing of parameters across node A Nearly unlimited labeled samples

and edge updates in the graph A Structured data
A Permutation invariance A Clear training objectives

Thisfits well to thefinal stateparticlesin physicscollisions, where we
deal with various objects like tracks/showers and tkiegmaticrelations.
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BESII Analysis strategy

AThresholds production:cleanenvironment  Nature Comm. 16, 681 (2025
andy tagging

1 T
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BESIT Method validation

AControl channelof Gif © + (¢ )t (@ ) and ature Comm
, — , 681 (2025)
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BESIT Observation of @. O = g h

Nature Comm. 16, 681 (2025
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goodcontrol of systematicson GNN training

A Model settings network weight initialization, batch processing sequence ar
dropout layer are randomWyaried

A Domain shift: validationof independentontrolsamplevia Uit

Ot ¢* + @{* andiff © K ¥ f{ ¥
B(AF — netv,) = (0.357 £ 0.034u0ns. = 0.0145,5:)%.
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3 Results ofBF for @ © = g h
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Curr ent statusof the SL decays

Chin. Phys C 50, 022002(2026)

AY Mode BF(x1073) Experiment A$ Mode BF(x103) Experiment
23.7+5.1(37%)"  ARGUS(1991)[32] | Al = pK~etw, 0.88+0.18(20%) BESIII(2022)[37]
26.8+5.1(19%)f CLEO(1994)[33] | A} — A(1405)et v,

ALY = Aetu,

36.3+4.3(12%)
35.641.3(3.6%)

BESIII(2015)[38]
BESIII(2022)[39]

0.42+0.19(45%)
A(1405) — pK ~

BESIII(2022)[37]

AY = Apty,

34.945.3(15%)
34.841.7(4.9%)

BESIII(2023)[42]

39.5+3.5(8.9%)

)

)
BESIII(2017)[40]

)

)

BESIII(2018)[43]

A — A(1520)et v,
Ad = pKSr—etre
AY s Artr—etr,

ALY = netwe

1.04£0.5(50%)
<0.33
<0.39
3.574+0.37 (10%)

BESIII(2022)[37]
BESIII(2023)[41]
BESIII(2023)[41]
BESIII(2025)[44]

Q0 Q- et

Af —setX
40.6+1.3(3.2%)  BESIII(2023)[45]
:- E. Mode BF(x10-3) Experiment =. Mode BF(x10—3) Experiment
| 13.7+7.7(56%)"  ARGUS(1993)[34] | E2 = ="putv, 10.14+2.1(21%)7 Belle(2021)[46]
: 0 2oty 44.3718-8(40%)"  CLEO(1995)[35] | =& —=%*tw, 674 39(58%)1 CLEO(1995)[35]
I N 19.7+5.3(27%)"  ALICE(2021)[47]
| 10.44+2.1(20%)1 Belle(2021)[46]
: 0 Mode Ratio Experiment 29 Mode Ratio Experiment
: 2.441.1(47%) CLEO(2002)[36] | Q¢ = Q utwv, 1.9440.21(11%)  Belle(2022)[48]
I
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1.9840.15(7.7%)

Belle(2022)[48]
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Hadronic decays
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BESII Absolute BFs of - hadronic decays*

A Absolute BF of ¢* decays are importai validateQCD-derivedmodels

arxXiv: 2601.01503

A Theprecisionsof the BF for thereferenceehannebf¥ © O “
PDG20140 BB~26%;BELLE2014 u BB~5.3%;BESII2015:0 B~6.0%;
A Doubletagtechniques appliedto controlsystematics

_Kﬂ Kt
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1 I | | !
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7226 2.28 2.3 2.32

A A globalleast square fito 12 hadronicmodes [Chin. Phys. C37(2013106201

Xiao-Rui LYU

‘n} 1 L 1 nl
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BESII Absolute BFs of - hadronic decays

unit: % 2024
Signal mode Global fit PDG
pK? 1.70 £ 0.03 £ 0.05 | 1.59 + 0.07
pK—mt 6.61 &£ 0.11 +:0.12 | 6.24+0.28
pK2m? 2.19 4+ 0.06 = 0.05 | 1.96 £ 0.12
pKertm~ | 1.88+£0.04+0.07 | 1.59+0.11
pK - nt7d 4.894+0.104+0.11 | 4.43 £0.28
At 1.32+0.03 +0.03 | 1.29 +0.05
Antrd 6.67 £0.13 4+ 0.10 | 7.024+0.35
Antr— ot | 4.09+0.09+0.10 | 3.61 +0.26
»Ort 1.45+ 0.03 +£0.03 | 1.27 +0.06
»tq0 1.37 £ 0.04 +0.03 | 1.24 +0.09
Stata 4.58 £0.10 £ 0.10 | 4.47 +0.22
prtm” 0.50 +0.02 £ 0.01 | 0.46 £ 0.03

V 6(n0 “ ): bestprecision andcompatible with Bell&result(pgp 1 18 1 §
Average value becomég® v T Ob .

V3( MeV) |
4509953 |
4611.86
4628.00
4640.91
4661.24
4681.92
460882

V Improved precisions of athe modes significantly
V Improvedprecisionsonthe crosssectionsandthe effectiveform factors
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a(phb)
213.1 £3.94
211.56 £ 6.0 4
207.6 £ 3.7 4
206.5 £ 4.14
206.2 £+ 3.9 4
192.0 £+ 3.3

| 172.0 4 3.5 4

arXiv: 2601.01503

|G |(x107%)

1.0 | 53.8 4+ 0.5 + 0.2
2.0 | 49.5 £ 0.7 +£0.2
1.8 | 45.6 + 0.4 + 0.2
1.0 | 435+ 0.4 +0.2
2.0 | 41.2 4 0.4 +0.2
1.8 | 38.1 + 0.4 £+ 0.2
2.2 | 35.0 + 0.4 + 0.2

)b;

20N



-ytwo-body hadronic decay

from HY Cheng
PRD95, 11110ZR) (2017

120

—+— data 3
------ signal curve

=+=++ background curve g"-ﬁ
—— fotal curve 0.4
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BESII: BF<2.7x 10

More precisecomparisorof thetwo BFsaredesiredo exploretheinterference
of differentnonfactorizablediagrams an@ESIII result support the theoretic
prediction. It is predicted that

B(@.© =7 )~3.5xB(@.© ==z) [PRD 97, 074028(2018]
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