Study on the Charmed Baryons with Novel
Technology in the BESIII Experiment

Xiao-Rui Lyu (BE)

(xiaorui(@ucas.ac.cn)

University of Chinese Academy Sciences

see review article:
P.-R. Li, X.-R. Lyu, Y. Zheng, Chin. Phys. C 50, 022002 (2026)


mailto:xiaorui@ucas.ac.cn

Outline

> Introduction to the charmed baryons

> Recent progress at BESIII
v Semi-Leptonic decays
v' Hadronic decay rates
v Polarization and CP

v' Hyperon Spectroscopy
> Future

> Summary

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 9



Discovery of the charmed heavy baryon

« Not exclusively clear about the first observation
« A number of experiments which published evidence for the charmed
baryons beginning in 1975
v" First hint of charmed baryon Xf*— Atzm* in BNL PrL34, 1125 (1975)
v First evidence of AL at FermiLab Pri37, 882 (1976)
 Thefirst well established state is the AJg at Markll prL44, 10 (1980)
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The charmed baryon family

* Singly charmed baryons
v' Established ground states:

Atz , 2V,
v Excited states are being explored
* Observation of other doubly charmed
baryon £} and .
* No observations of other doubly or
triply charmed baryons

» Af: decay only weakly, many
experimental progress since 2014

> 2. B, - Afm)~100%; B(Z, » Aty)?

» Z. .decay only weakly; absolute BF
measured with poor precision

» (). . decay only weakly; no absolute BF
measured
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Knowledge of charmed baryon decays
m .  betore 2014

=+ : =+
| e el | oo Z7: relative to the decay of 27 2m
A+ 50 50
¢ Mode Fraction (T; /T")
no neutron mode nkn No absolute branching fractions have been measured.The following are branching
has been measured L |~ umknown J—— to £~ n7 .Cabibbo-favared (S = —2) decays — relative to 5~ 7™
I p2 K} 0.087 + 0.021
unknown other ZKn
gkt T AR wt
other NKK 40 a0 = — =0k+ —o
. pK*f* other EKK I3 Z(1385)°K 1.0+05
other N4n SRR
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T other NK3n 1 rtrin Is AKX (892)°x* <0.16
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pK-TT m30 o 30 | S0 G R385 R <023
g Iy -

e F 0 K - 0.94+0.10
not measured; KO0 g I ZTK (892)° 0.81 +0.15
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3%)xsum of £ Iy P of-Fa 027 +0.12
pK'r*m and S +
pK-nrnl frac- g Tt 5+ o gt 0.55 +0.16
tions pknn® 20 P 20 -
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not measured; nKn At Mod F . / 1.7405
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. _ . -+
fractions At .Cabibbo-favored (S = —3) decays - relative to Q™x 0.07 + 0.04
pknt T—3 15 =05° 1.64 +0.29 o=
the normaliza- Aptv —Op— + 021 £0.04
tion mode: - " =T EK 7 120+ 0.18
50£13% PE° o o LAY 070 T ket 0,68+ 0.16 0.116 0,030
N modes A, Emod T TRt 2124028 0.48 +0.20
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A7 : cornerstone of charmed baryon

spectroscopy
(a) Charmed baryons
° i 319 ?5200g —08
The lightest charmed baryon _5?3
* Most of the charmed baryons will . Ak
§ = 8 —
eventually decay to Ac Z‘-*_?iciim 0>TzC
pD 0) 2.7 _
. . . 297 732t s g2880) At —0.6
« The Acis one of important tagging 7—T |
hadrons in c-quark counting inthe = |7 ? Bhgy “HA)
. . . <) A 7 —Eet2720) g7 [
productions at high energy energies ., ! 0)y
and Bottom baryon decays i 27 “i L R
5 " 32+ | Y 2264
+ — Y. - = 2 (2625 5
* B(A{ » pK™m™): important input I 9,/ A ; ]
to V,, via b-baryon decay S KA [

Spectroscopy is well
described by the

SNy
' quark-diquark model

c - Y Y — 0.0

=, Q.
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A} weak decays

* Contrary to charmed meson, W-exchange contribution 1s important
* More information on the strong dynamics in the charm sector than
those from the charmed meson decays

Topological Diagrams for A} decays:

. . r-
c | q

|

|
c : I = 5
7 q |

|

|

|

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

>

q q
T C

W-emission T internal W-emission C | inner W-emission C’
il

iC iC =

=

q q

~ u
E, Es Es d d
W-exchange E4, E;, and E3 I .

Non-factorization amplitude
— Calculation 1s not reliable,

need exp. mput

s
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Beijing Electron Positron Collider (BEPCII)

-
-

beam energy: 1.0 — 2.5(2. 8) GeV \’v’ ﬂ" %i

2004 started BEPCII upgrade
BESIII construction

2008 test run

- 2009 now: BESIII physics run

i Lpeak= 1.0 x10%3/cm?(4/5/2016)
>4 2020: energy upgrade to 2.45 GeV

2025: energy update to 2.8 GeV with

’ 3x lumi. upgrade
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NIM A614, 345 (2010)

i Ju EMC: Csl crystals
) AE/E =2.5% @ 1 GeV - Barrel
AE/E =5.0% @ 1 GeV - Endcaps
5 — TOF:

807

ot = 80 ps Barrel
ot =110 (60) ps Endcap

—ps0d

bl 06 0_:_950‘3

€60

- # ———-'— MDC: small cell & He gas
Oxy= 130 um

_ cp/p = 0.5% @1GeV
7 bl - dE/dx = 6%

& = Magnet: 1T Super conducting

7 Muon ID: 9 layer RPC

M 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

as

BESIII energy upgrades:
4.6 GeV (Phaset, 2014)
> 4.95 GeV(Phas2 II, 2021)
= 3x lumi. & 5.6 GeV (Phase lll, during 2026- 2030)
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$ESIT Production near threshold

and tag technique E..-4600mev
E.s-2my.=26 MeV only!

AT AL produced in pairs with no additional accompany hadrons.

¢ efe—y*— ATAL ,

P
* Clean backgrounds and well constrained kinematics. " | amw
\
 Typically, two ways to study A{ decays: Semi-L\kptﬁ?mode
 Single Tag (ST): detect only one of the A A, (A —e
v Relative higher backgrounds /
v Higher efficiencies @_ii_feﬂ
v" Full reconstruction 6'/
. Double Tag (DT): detect both of A7 Az @~.// ST mode
v Clean backgrounds @ \,
v Missing mass technique: missing-mass technique: ©
K, /neutron, neutrino, ... NDT
v" Lower efficiencies B; = ij €j
v’ Systematic in tag side are mostly cancelled N jST Eij
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BESIL Cross sections of ete™ — ATAC

3847/pb [2019.12-2020.06]

w 6.4 fb! data PRL131, 191901 (2023)

1847/pb [2020.11-2021.02]
567/pb [2014]

D ] JDD3855

......................

i ete = A’A: 15— ete’ A
[ + BESIII 2023 I -+ BESIII 2023 — Combined fit
; <+ BESII 2018 i <-BESIIT 2018 - Monopole decrease
4001= & Belle ~ [y N Threshold -~ Damped oscillation
e :
—8.4 """ Threshold v 1.0 R
CI > T
© 200 O% 44 g B
_ ‘{ﬂ+ % {}+ % 0-5 - | ]
0 + _E.I....I....I.\..I.\.
4.6 4.7 4.8 49
F (GeV) /s (GeV)

. I;Iegéte tﬁé Y (4630) in decaying into A¥ A7 reported by BELLE
* Energy-dependence of |G /Gy, | reveals an oscillation feature,
which may imply a non-trivial structure of the lightest charmed

baryon.
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SCOIL Search for ete™ — Y.X.and ATX]

» e*e” > A7X.: an interesting isospin violating Phys. Rev. Lett. 131, 191901 (2023)
process to understand the QCD dynamics at S
charm sector wh ] ¥ Besma0ts

v o(AYED)/o(AEAD) v.s. o(AX)/o(AA) = ‘ | b
=» vaccum pol. to cc v.s. s§
« ete” - X, X,

o (pb)
|

200:— ?{,%“ oo .r._.’

v’ Comparison to a(ete™ - AfA7) A A R A R s
=» good diquark v.s. bad diquark o Y Gy +
400 [ 3100_ L L L L -
h —+— This work o C ‘ (a) - Data ] i (a) efe” + Al +ce
- *~ BESTIT Q019) = 8ol | BaBar | 10 —— This work
) [ ar S C Threshold 7 | —=— BaBAR
lé 200; _Eﬁrgslltl}(‘)l}czlg(“) - } % 50 -_ o 11:2 r::ﬁ :t?tf:l]:g)-interaction
I, i a0 | 4 2 [
e eofl . AN & [ +‘
° 20 S S e
01— - N 0 | L \n"‘-.r‘ L 1
2 E, 2.4 26 2.8 3.0 25 3
v (! ’Jg (GeV) Vs (GeV)
R 0P
2 : .
24 2.6 238 3 32
M, . (GeV/c?)
PRD107, 072005 (2023) PLB 831, 137187 (2022) PRD 109, 012002 (2024)
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https://hnbes3.ihep.ac.cn/HyperNews/get/paper453/48.html

SCSM  Cross sections for ete — XX, and ALX;

C e : PRD 112, 092017 (2025)
no significant signals are observed
&g * D-ata s =4.918 GeV i(; s = 4.951 GeV
O-(Az-_z';)/o'(/lz-_z;) G(AE)/G(AZ) % 100_12%'((;]‘5:5";2::%) % 100
<1 ST NE - i
05 I )/o(AiA;)  o(EE)/o(AN) & T g
<~1% ~20% 250 256 265 26 260

RM(AZ) + M(A?) - m(A?) (GeV/c?) RM(A]) + M(A}) - m(A}) (GeV/c?)
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.

Xiao-Rui LYU

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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c > > s
AI“ > u A

d > d
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BESII Decays of A7 — Au*v, and Ae*v,

- data PRL129, 231803 (2022)
300k —+ data a
> — total fit > 200} — total fit PRD 108, L031105 (2023)
[5] wen At Amtn®
o -es A Ay, ~ ---n;n-res s
5 2001 A A | S bla <CZAC>:—0.94 +0.07 +£0.03
g -« other bkgs % 100
% 5 4+ A=Ay, —j~ Averaged
o 100 > N N
i) M | A=Ay, [ ---LQCD
- - o C Loco
02 01 0 ol 02 02 -0. ). ‘:,:E . 5 \‘L
U_.. (GeV) . _{J_ _Jl]_ _%_
AL - Aetv } | H A —+
¢ e MR ——
2.5} DATA o9l 0 ' '
_ o|-LQCD 7 A
5 ) “.-"',,_-._'.‘.x & 08 A _
150 I 0 0.7f g % 015 ok G
L‘T:f.f.f:f_;;_ff_“_'--' - o sy _5 : -“" =
1_:.__'._.__‘_‘_‘._ L= I | 06_’,{“""‘”", ' é 0.1 == .
0 0.5 1 0 05 1 3 o0s| " -“;
2 (GeV ’ ' /16 Ve 1
@ (Ge B(A'(lz' - Ae+ve) = (3.56 £ 0.11 + 0.07)% 00z 04 9.(66(%;) T 12
09f J R ’
© CRA & CLIE e i s
ol T i e 07 _.';-:-;-;!;!;_!.'f"':'--.-. ‘‘‘‘ oz i;:: 0114’;—*— * ::‘
s 0.61 s Ly 0.05; \*i:
. . ) . = A +v %
0 05 1 0 05 1 % 0‘.2 04 #6 08 1 12
g% (GeV?) 42 (GeV?) 7 (GeV?)
14
B(At - Aetv,) = (3.56 + 0.11 + 0.07)% g“g‘fj . __*::L__I__ i
B(Af - Aptv,) = (3.48 £ 0.14 £ 0.10)% <ot T
B(A} — Ap*v,)/B(AE — Ae*v,) = 0.98 + 0.05 + 0.03 *————

7 (GeV?)

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 1A



BESII Branching fractions of A7 — Ae*v,

PRL129, 231803 (2022)
-3 -2 -1 0 I 2 3 4 5 f
e = = SRE—

NROM Phys, Rev. D80 { 1985) 2953 L T T .

COM 2 Phys. C 52 (1%01) 149 &

NROM Phys. Hev [45 1952} 1266 L

QCDSR Phys, Let. B 431 (1998) 17} —_—

QCDSR Phys, Rev. D 60 {19595 034005 —

COM  Phys, Rev, O 73 (2008) 035301 L

LCSRE  Phys. Fev. D BO (3005 07400 | ——i

POLE  Phys. Rev. [ 86 (3002 004017 '

COQM  Phys, Rev. D93 (2018) 034004 .

ROM  Eur Phys ), C 76 (2016) 628 =

HEI:QI\-‘[ Phya, Rev. D95 (300 T) 03005 _'I-

LOCD  Phys, Rev. Lem, 118 (2007) 082001 ' il

LEOM  Chin. Phys. C 42 (2018) 09310

LECOM Phys. Rev. D 101 {2000) 094017 —_—

LEQM  Phys, Rev. [ 1068 {2021 01 3005 —

HEM  Phys, Rev. D 107 (2003 033008 ———

QCDSE Phys, ey, D 108 (3033 074017 P —

PL3E 2005 —

BESII 2015 PRL 118, 221806 (2018) =

BESII 2022 pRL 129, 231803 (2022) -
T Wi rteri-auerd I I TP

-3 -2 -1 0 1 2 3 4 3 f
BlA] — Ae’v,) (%)
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BESIL Qbservation of AT > pK~etv

PRD106, 112010 (2022)

| ¢ data 10+ N AL~ A(1520)e™y, — data
2 — total fit 820 - Az A(1405)e’v, — total fit3'86
. * A2 A} pK_e*v
P AL pKety, = + Pma, ) ’
> 151 RN - Ac pltor's
E # g -« other bkgs
S Al— pK'n*n® —_— === Ai— pKtv,
% 10}~ ---otherbkgs g 5+ .
g 3
4 =
0 2
84
02 01 0.0 01 02 14 15 16 17 18
U_.. (GeV) M - (GeV/c?)

PLB 843, 137993 (2023)

B(Af > pK~etv,) =(884+1.14+0.7)x107*
B(A* - A(1520)e*v,) = (10.2 + 5.2 + 1.1) x 10~*

max

« Second leptonic decay of A-g is observed! S0sH | B<39x10*@90%CL i\ B<33x10°@90%C.L -
* Good channel to study A excited states, such as _ 11 :
A(1405) and A(l 520) % 0.001 0002 G003 0 00005 0001 00015 0002

+ 0_-
B(A}—=Axtme*v,) B(A:~pK wetv,)
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BESIL  Eyidence of Al -
f:

« A} - Ae*v, should have large decay

> YIgtetvy

arXiv:2512.05178

T

rates into AF — ImeTv, Z
* Good way to study the state of Aj <: Af C
. u _ d
A(1405) via the SL decay a > R . W
(a) Af > Str—etre (b) Al —» S ntetr,
10’+Dt + SR 10’+Data + + 10’+Data +, -rret
Fa :—T:t::l fit @) Aj_’z T,[,e Ve [ —Total fit (b) Aj_)z Tiew" [ —Total fit © A_‘_’E T[e Ve
2 8/ sigma T S 8F-Sigwl x> nn S 8 -Sigml B
> | -- Peaki ackgroun = : ;; ‘?nve ackgroun S :- e:l[e'vE ackgroun
5 6} gthleu:llfa:kgl:'iundd E 6 ]())thl;:'lﬁal:kgl:'(g)undd E 6 gtht:-nlfalzkg]:goundd
s | S| S|
8 i ~ ~ 4 B
22 E 52
;: E I AT . LY M n = = ! s FRPPEEE SR S 5 L
-0.2 -0.1 0 0.1 0.2 -0.2 0.2 -0.2 0 0.2
M ims(GeVZI [4 4) (GBV) Umiss(GeV)
* Simultaneous fit to the three distributions assuming o —+ Data
- — T10F
B(Af » Xt~ etv) = B(Af » X~ ntetv). = [ Background
 BFiscalculated to be (7.7725 + 1.3) x 10~*,with 2 |
. . . . . . . . . c —
statistical significance is estimated to be 3.9 . Thisis § [ | |
consistent with the separate fit. g 1 + J[ m
* Dominant contributions from the A(1405) and R i T Ea—
A(1520) M,._(GeV/c?)
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SCOI Cabibbo-suppressed SL decays

* There i1s still room of 0.5% for un-seen SL et
decay of the A} ve
* The Cabibbo-Suppressed SL decays have not W

been studied in experiment ‘ d
. .. +
« A} - ne*v, is the most promising channel for Ay g upn
1 : d d
the experimental observation >
PRD107, 052005 (2023)
600 U..? _ q.l _ (:l _ -?. _ .“;I'. _ I‘.'P;Z . ."',3 i .“;d. . “'5. _ P.ﬁ
< NROM  Phys, Rev. D 40 (1959) 2955 "
% ROM Phys. Rev. D 56 (1997) 348
Si 400 HOQET  Phys. Rev. € 72 (2005) 035201 .
< COM Phys. Bev, D 90 (2004) 114033
-e...’ ROM Fur. Phys, J. C 76 (2006) 628 .
E SU3) Phys, Rev, D93 {2016) 056008 —e—
E] 2001~ OCDSR J. Phys, G 44 20017) 075006 -
SL(3) JUEP 11 (2017) 147 P—
LFOM  Chin Phys C 42 (2015) 093101 =
[ T T T T S SR SU(3) Phys, Lell. B 792 (2019) 214 ——
0 01 02 03 04 05 06 07 08 09 1 MM Phys, Rev, D, 101 (2020) 094017 .
p (GeVlc) LFCOM  Phys, Rev. D 103 (2021) 054018 ' .
sU3 Phys. Letl. B 823 (2021) 136765 bt
‘%(A: = Xe+ve) = (4'06 + 0-1OStat s O-Ogsyst)%- H]EIMJ Phys. Rev. D 107 (2023) 033008 ——
+ + QCDSR Phys, Hev, D 108 (2025) 074007 —_—
B(AC - Ae Ve) = (3.56 i 0.11 i 0.07)% LoD Phys, Rev, D 97 (2018) 034511 ——
B(Af »pK~e*v,) =(88+114+0.7) x 10~* —
B(AY - A(1520)e*v,) = (10.2+5.2+1.1) x 10~* 03 02 01 0 l.ll.l 02 03 04 05 06
B(A} - A(1405)etv,)~3 x 1072 B neva )
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5O Hunting for AF - ne™v

J
« Important process of semi-leptonic A} decay to Q.. \) 4
. . Semi-Leptonic mode i £
probe strong dynamics in charmed baryon ‘_ / —
* Challenges: \)_’/‘_\)
v’ neutrino is missing in detection
v" dominant backgrounds from A} - A(— nn%)etv , Q\ 0—0 /o
with ~10x yields than that of the pursuing signals Q. V \0
v elusive neutron detection due to neutral charge and sem-Loponicmoae o —Q
contaminations from the photon showers (& noises) \) / Q
in electro-magnetic calorimeter (EMC) e

Need advanced Machine Learning tool to identify neutron showers in EMC

single n single A

Ao

3
2
1
03
1
2
3
2

ST T T T o
5 2 15 1 05 0 05 1 15 2 25
AD AB
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SCOll - Why Graph Neural Networks (GNN)

Nature Comm. 16, 681 (2025)
* Many neural network architectures are specialized for sequential and image-
like data such as RNNs, transformers and CNNss.

* GNN can model more arbitrary relations among data objects by treating them
as edges between nodes in a graph.

* Sharing of parameters across node * Nearly unlimited labeled samples

and edge updates in the graph e Structured data

[ 1 1 1 . . . .
Permutation invariance e Clear training objectives

This fits well to the final state particles in physics collisions, where we
deal with various objects like tracks/showers and their kinematic relations.

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 29



BESIT Analysis strategy

 Threshold A} production: clean environment
and A} tagging

Nature Comm. 16, 681 (2025)

1 T
. . o .
* Train GNN with ParticleNet using control data
— + — + 0-8 B
from J/y — pnn™, pAK™ and c.c. modes based s
-4
on 10B J /1 decays 206
.‘g
=
E0.4
255103 J/y data af
- ) 18 L -
s _— | training 16 WA dota 0.2 n/A Classif. (AUC=0.909)
20f; A o 14 P -
| (] sy 5 2 %j:ujﬁ iifA Classif. (AUC=0.937)
N U ook E 5112 0-""...\\..I\..I.\.I\..
by oF P 0 0.2 0.4 0.6 0.8 1
£ ) False Positive Rate
E _\_H-LL_'" uﬂ 01 02 03 04 05 06 07 08 08 1
C‘UI 0.1 U‘Z U!S D‘.4 05 06 07 Ué—rE_l’_!:'I V Scoreffi)
Score( & ~ X N N N |
J J/y data g e 120 | Data: AR
i evaluation evaluation B e copectontormt [ I MC: A, —Tiev
| sample sample = e OOF A 100 [ IMC: A, sAeT
?m I B o '*+++++++%+++_+#+Tﬁﬁ+hﬂ+#r g a0 E' '_ MC: other A decays
su;— : 22 ++++_"—;:::_1++J'r,+ R ATy % :
4 E X = sn
1% ] ¢ 5 %tl
E Euil-lk I o 0 U!Z 0‘3 D{4 05 08 U!? U‘a 0{9 1 40—
w zu:f I Score(f) £ +
10 . A: MC 20: s + L
F— S i i o 4 i h . ]
L EERCFRGE] u[as u.sm)u.e 07 06 09 1 { p;z?rll(;)tleed — — — — #DU 01 02 03 04 05 06 07 08 08 1
core Score(Ti)
\\ /
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BESII Method validation

e Control channels of J /i = 2t (nr*)Z~ (prr®) and 1?2“;‘;?;512“5‘;‘
J/ = EX(Art)E~ (A~ ) based on 10B J /i) decays ’

2 X100 22 7x103
20 E t Data: J/¢ —» pr*n 2 F @ [ t  Data: J/¢ - Z*(na*)E~(pa®)
18 F i Data: J/y » FK*A 18 | t  Weight factors for n i Data: J/y » E-(Ax")E*(An)
16 F [] MC: g7y = pr*n 16 F ¥ Weight factors for A sk [ MC: Jjy = EHnaH)E-(pr%)
Suf [ ] MC: J/y - pK*A . Flaf g [ ] MC: J/y > E-(ATE* A"
Tl 22 ity Zul
gw 3 ' 2 ?:: .......... :"'p'i';'i'w'i"ﬂt“HW'N” ‘.F'H b i g .
2 stk : 308 Tt G20 b B
6E . o6F ! v :
aF . 0.4 10 f
2F i . 02F .
07 ............ 0& 1 1 1 I | 1 1 1 1 0’ o s ] T o s
0 o 1 0. 2 0. 3 0. 4 0 5 0 6 0 7 0 8 0 9 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
GNN output for n/A classification GNN output for n/A classification GNN output for n/A classification
2 _x10° 22 x10°
20 F t Data: J/y — pn-h . 2 F s t  Data: J/y — L~ (an")Z*(pn®)
18 F ¥ Data: J/y > pK*A 1.8 | t  Weight factors for 7 ¥ q ¥  Data: J/y - E*(An*)E"(An")
16 F [ ] MC: J/y > pri 16 F ¥ Weight factors for A ak [ ] MC: J/y » E-(in")E* (pn®)
Suf [ MC: J/y > pk-A slap { g (] MC: J/y » EX(An)E-(Ax)
Q1.2 ¢ >,
2k T i H:t’t'““‘#“;*mﬁ** "
< + #l *' *‘ { + E
8 208 F4'4 ity 2 20
6 0.6 |
4 04 10
2 0.2
0 P Pt Pl PP it i )Y TS S U ST PP WS I WU B U 0 It
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
GNN output for 7i/A classification GNN output for 7i/A classification GNN output for 7i/A classification

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 24



BESII Observation of A7 - ne™v

Nature Comm. 16, 681 (2025)

140

120 3 { Data (>10 0.) i t Data
: I AY - ne*y, i B A - e,
;:100 - D A:’ — Aetv, :100 s I:l 1—\; —’118_172 _
§ 80 [ B Other A decays ] : 80 [ B oOther 1_\; decays
2 6o [ 2 60
2 5
= 40t = 40
20 | 20
0 0
3t ] 3t 1
E 0 ","*"};'}'ﬂ';'*'%';'i'}}'}'H';H'}i;';*';'#'H'b'}'iH‘;'{';'*i{';ﬂ'é'{.#'*i{ E 0 %‘5;H;‘*‘LP‘L;+'i'+;'{";'%4"L§“$u'¥'}';"';'H#‘h‘i'{'{";'I‘H'#';'%';‘E
3t ] 3¢ ‘ ]
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
GNN output for n/A classification GNN output for 7i/A classification

g00d control of systematics on GNN training

* Model settings: network weight initialization, batch processing sequence and
dropout layer are randomly varied
* Domain shift: validation of independent control sample via J /i

—_ —_t —
> Xt(nan™)X (pn®) and J/Y » E-(Ar7)E (An™)
B(AY — netw,) = (0.357 £ 0.034g10;. % 0.0144,5: )%.
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BESIL  Results of BF for A > netv

03 02 01 0 01 02 03 04 05 0.6 Nature Comm. 16, 681 (2025)
NRQl\;[ Phys]. Rev. D 4t; (1989) 295|5 | ; T ]
RQM Phys. Rev. D 56 (1997) 348 °
HQET Phys. Rev. C 72 (2005) 035201 .

CcQM Phys. Rev. D 90 (2014) 114033 .

RQM Eur. Phys. J. C 76 (2016) 628 .

SU3) Phys. Rev. D 93 (2016) 056008 ——

QCDSR  J. Phys. G 44 (2017) 075006 o

SU@3) JHEP 11 (2017) 147 ——i

LFQM  Chin. Phys. C 42 (2018) 093101 e

SU@3) Phys. Lett. B 792 (2019) 214 ——
MBM Phys. Rev. D. 101 (2020) 094017 .

LFCQM  Phys. Rev. D 103 (2021) 054018 >

SU@3) Phys. Lett. B 823 (2021) 136765 —_——
HBM Phys. Rev. D 107 (2023) 033008 ——
QCDSR  Phys. Rev. D 108 (2023) 074017 —_——

LQCD Phys. Rev. D 97 (2018) 034511 ——

BESIIll exp. —e—

P IS T B P T S S BN SRTR RS R S

L M R R R R
03 02 -0.1 0 0.1 0.2 0.3 04 0.5 0.6
B(A] = ne*v,) (%)

Combing with the LQCD calculation of the Form Factors, we
obtain T(A¢ — ne*v) = |V4]*(0.405 + 0.016 + 0.020) ps~*,
[Veal = 0.208 £ 0.011¢yp, £ 0.005,gcp £ 0.001;,

first determination of |V.q| in charmed baryon decays
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Current status of 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]

Qg—)Q_leve

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

Xiao-Rui LYU

1.9840.15(7.7%)

Belle(2022)[48]
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BESI Absolute BFs of A{ hadronic decays

arXiv:2601.01503

» Absolute BF of Ac" decays are important to validate QCD-derived models

* The precisions of the BF for the reference channel of Af - pK™n*:
PDG2014: 6B/B~26%; BELLE2014: 6B/B~5.3%; BESIII2015: 60B/B~6.0%;

* Double tag technique is applied to control systematics

£23 7 740
_Kﬂ Kt -~ -1
600 PRs 1 3000 1000} ’ > .
&23 20
400 2000 =
500k B ¥R
200 1000 st S
20
= 800 rl aagl ¥t 3
400 A L wat
o 600 600 I 10
> 300 400}
éﬂ 200 400 2.26 -'.J.: < " - .
< 100 0 B i 226 2..525... 23 232 2340
- " 1 I I 1 sig >
~ 400 z M. (GeV/c
= RS | 400 An S BC ( )
= 300 L T T -
2 300 200 200 ) - A—=pKr*
L o -4 Dat 1
=200 200 ool b 0200 Total it 4
100 100, z 2 [T omaonska
| — Unmatcl
I U R E - E L Fdron BKG
— I (o] - (o] L
400 i s | 800 pro S| Z100(- 1
300 100 600 § §
200 400 = &
100 50 N 200 N RSP SV . leemitiacectacams .
226 228 23 226 . 228 23
n 1 1 l 1 Y 1 L 1 A n 1 L 1 1 2 S
0326228 23 232 0526228 23 232 0526228 23 232 Myc (GeVic?) My (GeV/e?)

M (GeVic?)
* A global least square fit to 12 hadronic modes [Chin. Phys. C37(2013)106201]
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unit: %

BESIT Absolute BFs of Al

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
Amt 1.32+0.03+0.03 | 1.29+0.05
Artn® 6.67 +£0.13+0.10 | 7.02+0.35
Artn=wt | 4.09+0.09 +£0.10 | 3.61 +0.26
¥ort 1.45 +0.03 £ 0.03 | 1.27 +0.06
Xta0 1.37+£0.04 £0.03 | 1.24 +0.09
Ytata 4.58 +£0.10 + 0.10 | 4.47 +0.22
prtm” 0.50 & 0.02 +0.01 | 0.46 £ 0.03

hadronic decays

arXiv:2601.01503

V3( MeV) |
4509953 |
4611.86
4628.00
4640.91
1661.24
4681.92
469882

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

1.9 |
2.0

1.8
1.9

2.0

1.8

2.2 |

|G |(x107%)

Hd.8

49.5
45.6
43.5

41.2

J8.1
Jo.0

t
}
t
1
T
1
1

v' B(pK~rmt): best precision and compatible with Belle’s result (6.84 + 0.247F

Average value becomes (6.65 + 0.15)%.

v' Improved precisions of all the modes significantly

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

Xiao-Rui LYU

IOPP Colloquium, CCNU, 2026

0.5+ 0.2
0.7 £0.2
0.4 =+ 0.2
0.4 +£0.2
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A? two-body hadronic decay

from HY Cheng

Singly Cabibbo-suppressed modes: A;*— pa?, pn PRD9S, 111102(R) (2017)
c__ d co s d d 120
——d
d ]Tﬂohl s ]'T' d‘/]nom G 100" siagt:al curve
= B IS background curve
S u 'fr‘u& E —— total curve
u 1] u c d D 80 data in AE sideband
d d ] i d d ] P u u 3 E
Cs C4 C, o
£ d ] 0 ; . ]-ﬂ:“! i ] Hﬁ;
d__ | u n u_ |-n’n =
<l i S S v 0
d u c . d w 20 A7 - pm
} p } P g p i
u u u u d u D_....|....|....|....--'.-11....
E, E, Es 225 226 227 228 229 23
2
7° = (dd —uit)/N2, n=(dd +uit-s5)/\3 for -7 mixing agle =19.5° Mg (GeV/c)
BESIII: BF<2.7 X 10
A(A— pno) = (C1+ C, + E4- E»- E3)NZ It is most likely that
A~ 1) = (2Cr+ Co+ vt Bt EINS T(Ac— ) >> T(A:"~ pg) M(AF — nrt) = VAM(AY — pr?),

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 1s predicted that
B(A} - ntH)~3.5%XB(A} - prt® [PRD 97, 074028 (2018)]
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B'GS]]I Singly Cabibbo-suppressed decays
of Af - pr® and nrrt

First evidence of A{ — pr® Observation of A7 » nm™
DT PRD109, L091101 (2024) DT PRL128, 142001 (Z(H)MZZ) *_f“f‘j:ﬁn
g i + Data | % ; “ AA
% ° | (a) B ;?:glr:;live hadronic % i E Hn %M*
2 i background E 80 3 background
o | -~ A¥A. background = H% a
L 51 = o AlR.-bkg
£ - i 3.70 Z 40;
20
I LN T F
22 225 23 2335 24 000 :
My (GeVic?) M. (GeV/e?)
BF = (1.567972 + 0.20) x 1074 BF = (6.6 £+ 1.2+ 0.4) x 10~*
A-(I:- — pn.O: 500;' o —l+—lDa.tal o I_:
. . — — Fit -
» conflicts with Belle (BF <8.0 X 107°) < 400} X T NAop?
* need better precision to discriminate 2 .f | e
different theoretical calculations s [ Af - pn® :
Experimental challenge g 2000 ST E
] . > - -
e neither ST nor DT can achieve “ 100F 2.60 =
sufficient signal sensitivity! NN U .
2.26 2.28 2.3 2.32 2.34

_ _ _ M, /(GeVic?)
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Model
— 200e! —

10°_ BA 210

o Constituent quarkmodel [7]_ | _ (L2 _ _ - 3 o GO ]
Heavy quark effective theory [8] 1.1-3.6 - 1.0-2.1
Dynamic calculation [9, 10] (0.75, 1.3) 12.8 2.66
Topological diagram [11] 0.8fg:: 11.4+£3.5 70220
Topological diagram [12] (03130, 04427y (14223, 14.7+£28) (7.6%1.7, 83+26)
SUG) flavorsymmetry [13] L L 2 0 o o = = = o
SU(3) flavor symmetry [14] 4.8 - 9.7 |
SU(3) flavor symmetry [15] 5.7+1.5 - 11.3+29
SU(3) flavor symmetry [16] 1.3+0.7 13.0+1.0 6.1 £2.0
SU(3) flavor symmetry [17] l.lf}:? 11.2+28 7:6%1.1
SU(3) flavor symmetry [18] 21+1.0 14.1 £ 1.1 6.5+2.3
. 27019 124 +3.0[19]
BESIII experiment : 1'57t8'(7,3 (23] ! 158 + 1.2 [20] 6.6 +1.3[22]
Belle experiment l~ _<_0._8l21]_,' 142 + 1.2 [21] -
15 T T T
~ |
o i
X 10f A
~_ -
T Bl
T &
+ o * o T
< 1 o ¥ BESII Belle's Limit
= 4+ SUB3)I A SUBG)TT
S 5 SU(3) I m SUB) O(T5)
L + SU(3) broken ¢ SU(3) respected
B + CQM(A) CQM (B)
¢ 4 PMCA TDA
[ | —l ]
0 2 4 6 8
B (AL~ pr) (x10%)
IOPP Colloquium, CCNU, 2026
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BESIT ML-boosted observation of AL - pr®

Model architecture — Transformer PRDILL LOS1101 (2025)
* Foundation of Large Language Models like GPT

* Core concept: self-attention mechanism

* Particle Transformer: arXiv:2202.03772

5 lio\cks Class token
— & %
-_%0 Particle Particle Particle Clas§ Clas; A %
/ A trans former mO del Parric/es—)}é ‘b‘xo Ag;e(r)lzi;m m: Agfgzil:)n}----;i:i’[@? Aglo::k Aglozk | 'E '
. . . b A A A
tailor RO )
a‘ ored for'par.tlcle' physics . s £ I I B
v" Inject physics-inspired ORI 8
pairwise features as “bias” ,
) (P-MHA ik
to the self-attention block =) |
RARED SoftMax Y
iU >@®
A= \/(ya - Yb)z + (Qba - d)b)z’
kr = min(pr,q, prp)A,
. 0 K
“4 = mm(p'[',a' pT,b)/(pT,a +Drp), (Tincar ) (Tinear ) (Tinear )
2
m? = (Ea + Eb)z - ||pa + pbll -  r J

X

(b) Particle Attention Block (c) Class Attention Block

24
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https://arxiv.org/abs/2202.03772

BESIT ML-boosted observation of AL - pr®

PRDI111, LO51101 (2025)

500 N L = SF T T T T T T T T T T T T T T T T3

+ 1 —+ Data ’ C %2 /abins = 45.2/31 — Data 1

r T4 B Alpr? ] C — Fit: total ]

400 + I Other ATA decays 40 - I ° -

5 -t + T T r (a) S Fit: Al —opr’ ]
- B Hadron BKG n = r , e
g - O : = C ----- Fit: other AJA,

i J08 4 pT[ ] E 30 Fit: hadron BKG 1

o [ N « r ]

2 2001 H‘+_+ 3 2 20f : -

g i " ] g - ]

* 100F (a) A e o “ 10 - 3

+ 1 DNN training . :

u | | | | e - R . ... S o *-
300E —————1—+—+——1——+—+—1—t—+—+—1—+ = 90 e =
- —+ Data - goF. ¥ /abins =32.9/24 —+ Data E
- B A-pn E £ — Fit: total
s B Other ATR; decays E (b) 5 CURGAop ]

Q Q)
% 200F  Hadron BKG 1 }; 60F- <o Fit: other ATK, 3
E ; A Cc - pn 3 E 50 Fit: hadron BKG -3
S + E S w0 AT - piE
E 100F 3 S 30F E
= F M 20 3

sp (0 P, 10f- =

0: P [T T T [N TR R T (N S SR S NN S T |++."': 0_#414- s s e T T
2.26 2.28 2.30 2.32 2.34 2.26 2.28 2.30 2.32 2.34
M, (GeV/c) M, (GeV/ch)

* 20 times of background suppression with 50% of signal efficiency
« validation samples of AT —» pK¢n® and pK¢n
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BESII SCS decays of A — pr®

PRD111, L.051101 (2025

BUA=PT) _ 120 + 0.026 £ 0.007

B(AZ'—)pn)

* We have B(A} - pn®) = (1.79+0.39+0.11 4 0.08) x 10~* by adopting the
average value of B(A} — pn) from BESIII and Belle.

* Agree with previous BESIII measurements and exceeds the upper limit set
by Belle

* The ratio is directly measured to be

-6 -4 -2 0 2 4 6 8 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
T T T T T T T T T T T } T T T T T T T T T T T T T T T LN L L I AL AL L I T T LA L L L L

Phys. Rev. D 49, 3417 (1994) 3 « o CQM(A), CQM(B) Phys. Rev. D 49 (1994) 3417 ; . .
Phys. Rev. D 55, 7067 (1997) J SU3) T Phys. Rev. D 55 (1997) 7067 L ee
Commun. Theor. Phys. 40, 563 (2003) ®e oo o H

; SU(3) I Phys. Rev. D 97, 073006 (2018) | — ey
Phys. Rev. D 93, 056008 (2016) 3 ) H
Phys. Rev. D 97, 073006 (2018) PMCA1 Phys. Rev. D 97, 074028 (2018) |
Phys. Rev. D 97, 074028 (2018) | SUB)IVO(IS)  Phys.Lett. B790,2252019) | b—e—
Phys. Lett. B 790,225 2019) | +—e— SUB3) V Phys. Lett. B 794, 19 (2019) p—a——
Phys. Lett. B 794, 19 (2019) '_‘_' PMCA I Phys. Rev. D 101, 014011 (2020) .
Phys. Rev. D 101, 014011 (2020) : . H

; TDA I JHEP 02, 165 (2020) —e—
JHEP 02, 165 (2020) —— .
JHEP 09, 035 (2022) TDA II S1 JHEP 09, 035 (2022) |-o—|
JHEP 09, 035 (2022) I TDAII 82 JHEP 09, 035 (2022) r—
Phys. Rev. D 108, 053004 (2023) I — SU@3) VI Phys. Rev. D 108, 053004 (2023) ——
BESIII 2017 (upper limit) S SU(3) VII broken  JHEP 02,235 (2023) o
Belle 2021 (upper limit) —| SU(3) VII symmetry JHEP 02, 235 (2023) ot
BESIII 2023 (evidence) —a— Belle —t
This vvorkI | , |—.I—| , , BESIII I el

L L L L L L L L L L L L L L L L L L L L L PR S (S SR S [ SN S SR RN S S | I L " MR | RN ST T T S SN SN N TR S
-6 -4 -2 0 2 4 6 8 -0.8 -0.6 -0.4 0.2 0 0.2 0.4 0.6 0.8
+ 0 -4
B(A} - pa®), (x10™) BA! = pr®)[BA! = py)
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ML-boosted study of AL — pn’

 Single tag of AY - pn' vian' - ynn~
* Expect more huge background =» DNN model based on Transformer

< { Data
=10
r“}-i A: = piy’
% 10° A7 A7 non-signal
E Hadronic background
l'! H*"'h.-
 10° e
- "'_._
g -,
g 10
- -+
=
10
1 1 1 1
2.26 2.28 23 2.32 234
MBc(GerL‘z )

X

:

DNN training &,
o

=

> 3

3

=

Take AY - pw, w — 31 as reference
channel to control DNN systematics

B(A{ - pn')
B(Af - pw)

Xiao-Rui LYU

= 0.551£0.22 £ 0.05

IOPP Colloquium, CCNU, 2026

arXiv:2602.11974

40 — T T T T T T T T T ]
- + Data :
— Fit ]
0 N A S oy ]
i ** A*A; non-signal ]
'_ Hadronic background ]
10 ‘I‘ 1 \ ]
b |
e T

2.26 2.28 2.30 232 2.34
AL (OAXT L2\
N4

0 10

PRD 49, 3417(1994) ._
PRD 55, 7067(1997) i

PRD 97, 073006 (2018)

PLB 794, 19 (2019)

JHEP 02, 165 (2020) o

PRD 108, 053004 (2023) o

JHEP 02, 235 (2023) iome

Belle (2022) i

BESIII (2022) e

This work (PDG as Input) o
i . . ! !

}30 . 10’ 204 30 40

(A7 = pi')(x1077)
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Compilation of A hadronic decays

Chin. Phys. C 50, 022002 (2026)

Mode BF Experiment [ Mode BF Experiment
Nucleon-involved
A s nnt (66 £0.13 BESIII(2022)(126] | AL —nk+a" <071 BESII2024)[107]
<027 BESIII(2017)[117] | A —nxta® 064008 BESII2023)[124]
AT ol < 008 Bellef2o21)[108] | AT —+nKlKT na3athll BESHI(2024)[91)
F o px
¥ [Tt BESII(2024)[118] | AT —nxta— =t 0.45+0.08  BESII(2023)[129]
(.18 £0.04 BESUI(2025)(118) | o . 3914040 BESII2016)[127]
A ™
BESII(ZOT) 7] | 4724028 LHCb{2018)[138]
Belle2o21)[108] | AT —pK K LOSE0.07  LHCL{2018)[138]
AL = py BESII2023)(120) | AV —p(KT K Jnang 0553014 BESIII2016)[127]
L63£0.33 BESIII(2024)[118] | A7 —pRLKD 0244002 Belle(2023)[146]
L6T£0.80 LHCb(2024)[121] | AT — pga? <015 Belle(2017)[147]
AF o [ BESII(2022)(123] | A — (pK+ K- 2y < 0.06 Belle(2017)[147]
c 0,47 £0.10 Belleua)i22] |\, o 016002 Belle(2016)[157]
A —pp 1525044 LHCh(zozgizy] | 0 P 0104001 LHCh{2018)[138]
0.94£0.39 LHCh(2018)[124]
+ 083 £0.11 Belle[2021)[125]
AT = por
L1021 BESIII(2023)[120]
0L.9% =031 LHCh(2024)[121]
AL = pi 106022 BESIII(2016)[127)
A-involved
0L6220.06 BESIII(2022)[151 20 BESII2024)[107
AT+ AKT (66 2004 B Ibe[ifr’z‘!\l]f‘m] AL +AKT2 i 4:11‘: ] BE'EIIII"A:‘.I‘M;:H :
L6 2.1 elle{20623] |1 . . 26 = I 35|
240+0.50(f =0°)  BESII{2025){134] | AL <+ ARt L7340.20  BESII2025)[134]
Af =+ AK*Y 521 20.75(0 = 109%)  BESII(2025)[134]) | AL 4 AKFeta™ 0.41+0.15  BESII2024)[135]
1.20:£0.44(f = 221°)  BESIII{2025){134]
E-invalved
- .47 £0.10 BESIII(2022)[133] | A} -+ Bt K a— 2004028 BESIII2023)[150]
' 01,36 £0.03 Bellef2023)[132] | AT Bt KT x " <001 BESII2023)[150]
+ o 4+ - PY "
Al S EHE (.38 £0.14 BESIIQ0IN(183] |y | capoy <18 BESIII[I‘.!:‘J‘Ai][mﬂ
<0.50  BESII2024)[151]
Af 4B Kt ata <0.65  BESII2024)[151]
AL B KHat 0.38+0.12  BESII{2024)[136]

Mode BF Experiment | Mode BF Experiment
Nucleon-involved
A = pKS 1.52£0.09  BESIII(2016)[80] At KOt 1.824£0.25  BESIHI(2017)[90]
A = pK? 1.674£0.07 BESIII(2024)[89] © s 1.86:£0.09  BESIII(2024)[91]
At s pKg(700)° s pK - wt 0.194+0.06  LHCb(2023)[86] | Al = nklrta® 0.85+0.13  BESIII(2024)[92]
A = pKy(892)° s pK - mt 1.384+0.08 LHCb(2023)[86] | Al »nK atrt 1.904+0.12  BESIII(2023)[129]
A} = pK7(1430)° 5 pK ot 0.92+0.18  LHCb(2023)[86] AF RO 1.874+0.14  BESIII(2016)[80]
Al AQ232)HP K s prt K- 178£0.05  LHCb(2023)[86] < FPRST 2124011  Belle(IT)(2025)[144]
Al = AQ600) YK »prt K- 0.28£0.10  LHCb(2023)[86] | AL —»pKPa® 2.024:0.14  BESIII{2024)[89]
Al = AQTOO) YK s prt K- 0244006  LHCb(2023)[86] AF KD 0.4140.09  BESIII(2021)[145]
¢ PR 0444003 Belle(2023)[146]
Af 9 pKirta 1.53+£0.14  BESII(2016)[80]
Af o pKYnta— 1.6940.11  BESIII{2024)[89]
A pK-t 6.841032 Belle(2014)[81]
5.84+0.35  BESIII(2016)[80]
AF Kbt 4.534+0.38  BESIII(2016)[80]
4424021  Belle(2017)[147]
A-involved
AF o Axt 1.2440.08  BESIII(2016)[80] | Al —Axta® 7.0140.42  BESIII{2016)[80]
1.31+0.09 BESIII(2023)[126] 1.84+0.26  BESIII(2019)[94]
Ad = Ap(TTO) 4.06£0.52 BESIII(2022)[93] | AL —Axtny 1.84+0.13 Belle(2021)[95]
Ad = Aag(980)+ 1.23+0.21  BESIII(2025)[94] 1.94+0.13  BESII(2025)[148]
Af = A(1405)7t — pK @t 0.48+0.19  LHCb(2023)[86] | AS +Axtr ot 3.81+£0.30  BESIII(2016)[80]
Ad = A(1520)7t —pK ot 0.12:£0.02  LHCb(2023)[86] | 4\ poopes 0.304+0.03  BESIII(2025)[134]
A = A(1600)xt — pK—xt 0.32+£0.12  LHCh(2023)[86] © g 0.314+0.05  BESIII(2025)[108]
Al = AQ6T0) T s pKwt 0.07£0.02  LHCb(2023)[86]
AF 5 AQ6T0) - Anrt 0.27£0.06  Belle(2021)[95]
0.27+£0.06 BESIII(2025)[148]
Al = A1690) 1T = pK—wt 0.07£0.02  LHCh(2023)[86]
Al = A(2000)7 " 5 pK wt 0.60+0.07  LHCb(2023)(86]
E-involved
AF st 1.1840.10  BESIII(2016)[80] Af o Brmbae 4.254+0.31  BESIII(2016)(80]
0.41£0.20 BESIII(2018)[96] 4.574+0.28  Belle(2018)[149]
AY s wty 0.31£0.05  Belle(2023)[98] | Al »>E+a%70 1.5740.15 Belle(2018)[149]
0.38+0.06 BESIII(2025)(97] | Af »X0xta0 3.65+£0.30  Belle(2018)[149]
1.344+0.56  BESIII(2018)[96] | Al —»%0xty 0.76+0.08 Belle(2021)[05]
Al gy 0.42£0.09 Belle(2023)[98)] Af 5E rtat 1.81+£0.19  BESIII(2017)[105)
0.57+0.18  BESII(2025)[97] | AL = E—atatal 2.11+0.36  BESII(2017)[105]
Al Tt 1.5640.21  BESIII(2016)[80] | Al 5TV KtK— 0.384+0.05  BESIII(2023)[150]
Al Tt 0.41+0.09 BESII(2023)[150] | Al X+ K+K . 0204004 BESHI(2023)[150]
Aty yt 1.274£0.09  BESIII(2016)[80] | AL - EOKOK+ 0.0840.03  BESIII(2025)[108]
i 1.224+0.11  BESIII(2023)[126]
AY = 3¥(1385) 0.59+0.08  BESIII(2022)[93]
0.91+0.20 BESIII(2019)[94]
Al = D(1385) g 1.21+0.12  Belle(2021)[95]
0.68+0.08 BESIII(2025)[148]
A} = T(1385)0+ 0.65+0.10  BESIII(2022)[93]
E-involved
AY S EOKH 0.59+0.09 BESIII(2018)[106] | Af 5 =0K+#0 0.78+0.17  BESIII(2024)[107]
AF 215300 K+ 0.5040.10 BESIII(2018)[106] | A} —+Z0KQnt 0374006  BESIII(2025)[108]
0.60£0.11 BESIII(2024)[107]

Xiao-Rui LYU

IOPP Colloquium, CCNU, 2026



Status of Z. and (). hadronic decays

Chin. Phys. C 50, 022002 (2026)

=0 mode BF Experiment = mode BF Experiment
AKY 0.33+0.08 Belle(2022)[181] =rtrt 286127 Belle(2019)[179]
AR 033+0.11 Belle(2021)[182] bad o] 0.19+0.09 Belle(I1)(2025)[183]
b e 0.18+0.04 Belle(2022)[181] ot 0.72+0.32 Belle(I[)(2025)[183]
by o 0.61+0.21 Belle(2021)[182] PpKY 0.07+0.03 Belle(I)(2025)[184]
TR0 1242037 Belle(2021)[182] At 0.05£0.02 Belle(I)(2025)[ 184]
K9 0.05+0.02 Belle(2022)[181] 0t 0.12+0.06 Belle(I)(2025)[184]
=0x0 0.69+0.14 Belle(II)(2024)[185] =0kt 0.05+0.02 Belle(I1)(2025)[183]
=% 0.16:£0.04 Belle(I1)(2024)(185] . 0.45+0.22 Belle(2019)(179]
=0y 0.12+0.04 Belle(I1)(2024)[185] P 1.14£039 LHCb(2020)[180]
=t 1.80+0.52 Belle(2019)[178] pé 0.012.+0.006 LHCb(2019)[186]
pK Kn* 0.58+0.24 Belle(2019)[178]
AK~m* 1.17+0.38 Belle(2019)[178] Mode reltive BF Experiment Mode reltive BF Experiment
ETKT 0.04+0.011 Belle(2013)[187] Ql — =0k0 1.64+0.29 Belle(2018)[203] S E KKt <032 Belle(2018)[203]
Ag (CS) 0.05+0.01" Belle(2013)[187] @ ozt 0.25+0.06 Belle(2023)[205] 00 — AK°R? 1.72+0.35 Belle(2018)[203]
AK* K Ynon-p 0.04+0.011 Belle(2013)[187] ‘ 0.16+0.01 LHCb(2024)[206] Q) » =5kt 1.20+0.18 Belle(2018)[203]
= 0.05+0.011 Belle(2021)[188] QY EKF <007 Belle(2023)[205] Q0 - =R 2.12+028 Belle(2018)[203]
E°K* K Jnon-4 0.06+0.01" Belle(2021)[188] - <029 Belle(2023)[205] QS E K atat 0.68+0.08 Belle(2018)[203]
At 0.55+0.18 LHCb(2020)[180] ¢ 0.06+0.01 LHCb(2024)[206] Q! » Qnta® 2.00+0.20 Belle(2018)[203]
0.54+0.14 Belle(2023)[189] [ s 0.32+0.05 Belle(2018)[203]
Intermediate resonances obtained in PWA of =} — pK~n" at LHCb [190]
Resonance Fit Fraction (%) BF' (x107%) Resonance Fit Fraction (%) BF' (x107%)
A(1405) 33+15 2.05+0.94 A(1520) 2.64+0.14 1.637+0.087
A(1600) 20417 12+1.1 A(1670) 3.03:0.21 1.88+0.14
A(1690) 1.55+0.59 0.96+0.37 A(1710) 23419 1412
A(1800) 1.48+0.61 0.92+0.38 A(1810) 1.3£1.0 0.83+0.63
A(1820) 0.82+0.18 0.51+0.11 A(1830) 0.20+0.12 0.124+0.075
A(1890) 0.19:0.18 0.12+0.11 AQ2000) TA4<14 4.59+0.87
K3(700)° 7449 4630 " (892)° 28.6+1.2 17.74:£0.73
K;(1430)° 15.6£7.4 9.7+46 K;(1430)° 33£238 21+17
A(1232)** 17.241.4 10.66 +0.87 A(1600)** 43£13 2.67+0.82
A(1620)** 33£1.0 2.04+0.65 A(1700)** 2.01:0.49 1.25+031

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 20



Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 40



* Polarization and CP symmetry can be precisely tested in baryon weak
decay by studying the polarization of the produced daughter particles.

« For simple case of A{ decaying into i
+
% baryon and a 0 meson, decay

asymmetries can be defined.

2 2
2Re(S*P) _|S| |7
T 2 Y =2 2
S| +|7 S|+
2Im(S*P) o’ +p+y =1
'B = 2 2
S|+
3 . :
CP asymmetry: P,(cosby) = 231 a0) \/1 — & sin O cos Oy sin AP
_ R Ag 1s the phase angle difference of G and Gy,
a+ o B+3 : : .
A= —, B= ? : can be explored via angular analysis of the spin-
a—a 3 — |

coherent hyperon-pair weak decays

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 A1



SCOIL  Probe transverse polarization of the A

arXiv:2508.11400
* Evidence of transverse polarization at 4.6 GeV Y,
[BESIII, PRD 100, 072004 (2019)] x_ Pi 2
« More data collected from 4.6-4.95 GeV

* Joint angular analyses of the cascade decays of
A, - pK,, Ant, 210 and 2%t and amplitude
analysis of A, » pK m™

L] S i ]

tA— pKx wf= Data@4600 MeV
:m; e Fit

: Signal

: I sig PY , (cosbh)
g & Background Al

[ D Mis-reconstructed

Do o6 227 2o 22 o
[Ai— pK® WEAI> Ax’

Events/(1.25 MeV/ieh)

A

M, (GeV/e?
pclGreV/c%) A} rest frame A rest frame

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 A9



SCSI Observation of transverse polarization
of the A, arXiv:2508.11400

— Fit

* Simultaneous fits to 23 angles of 5 £ MO - WAy PR o
el

channels at 13 energy points : b
. - e ' *::-___1- Mis-reconstructed
* Established a new method to enhance = L =1 F
the precisions of the decay Y
asymmetries A, = pK,, Ar™, 2 r° |
and X0rt
2.5
¢ This work
2.04 t BESII previous results
_ === Prediction (2021)
5 1.5 — Prediction (2024)
s 4 Data
0.5 1 g 0.5
)
R=! ; no transverse polarization
0.5 AT T TN T T
§ N
S 0.0 B 051
é 2. A[ transverse polarization
—0.5 —1.01
1ol ~1.00 —075 —050 —025 000 025 050 075 1.00

‘ . . . ; ; ; . cos 6y
4600 4650 4700 4750 4800 4850 4900 4950

/5 (MeV)
Xiao-Rui LYU IOPP Colloguium, CCNU, 2026 A



A} rest frame

A rest frame

L %ndf=2.29

Events /0.1

—+ Data

— Total fit

Background

dcosb,

Events/ 0.1

Xiao-Rui LYU

0.5 1

IOPP Colloquium, CCNU, 2026

L x2ndf =081

FP; = —0.288 % 0.055

-0.5

0 05
cosf._
P

B(AF - AX) = (38.07 + 0.38 + 0.49)%

x 1+ Ppra_ cosb,




Xiao-Rui LYU

A} decay asymmetries

Chin. Phys. C 50, 022002 (2026)

Mode a Experiment Mode a Experiment
Nucleon-involved A} = A(1600)r* 02+05 LHCh(2023)[91]
—0.75£0.10 LHCb(2024)[161] 0.82+0.08 LHCb(2023)[91]
A} — pK? AF = A(1670)r*
-0.92+014 BESIII(2025)[160] 021043 BESIII(2025)[154]
A} — pK;(700)° —0.1+£0.7 LHCb(2023)[91] A} — A(1690)r* 0.958 + 0.034 LHCb(2023)[91]
A} — pK;(892)° 0.87 £0.03 LHCb(2023)[91] AF = AQ2000)r* ~0.57+0.19 LHCb(2023)[91]
A} — pK;(1430)° 0.34 £0.14 LHCb(2023)[91] T-involved
A 5 A(1232)HY K- 0.55 +£0.04 LHCb(2023)[91] R —0.48£0.03 Belle(2023)[103]
AP = Ztg
Ar = A(1600)+T K~ ~0.50+0.18 LHCb(2023)[91] ‘ —0.59+0.05 BESIII(2025)[160]
Ar = A(1T00)H K- 0.22 £0.08 LHCb(2023)[91] Ar 5ty —0.99+0.06 Belle(2023)[103]
A-involved A2t —0.46 £0.07 Belle(2023)[103]
-0.785 £0.007 LHCb(2024)[161] —0.46+£0.02 Belle(2023)[138]
Ar - 20+
A 5 At —0.755 £0.006 Belle(2023)[138] —0.50+0.08 BESIII(2025)[160]
-0.790 £0.033 BESIII(2025)[160] Ar — E(1385)*7° —0.917 £0.089 BESIII(2022)[98]
At oAk -0.59+0.05 Belle(2023)[138] AF = £(1385)*7 -0.61+0.16 BESIII(2025)[154]
Y2 AK
—-0.52+0.05 LHCb(2024)[161] A} - £(1385)0n+ -0.79+0.11 BESIII(2022)[98]
A} > Ap(770)* —0.763 £0.070 BESIII{2022)[98] A S0k —0.54+0.20 Belle(2023)[138]
A = Aa(980)* -0.91*0%) BESII(2025)[154] | S-involved
A — A(1405)* 0.58 +0.28 LHCh(2023)[91] A+ - E0K+ 0.01+0.16 BESIII(2024)[162]
A} 5 A(1520)r* 0.93 +£0.09 LHCb(2023)[91]
Mode B Experiment Mode b Experiment
0.378 £0.015 LHCb(2024)[161] 0.491+0.012 LHCb(2024)[161]
Al = Ax* Al = Ant
0.37:017 BESIII(2025)[160] 0.64+910 BESIII(2025)[160]
A 520 0.70"044 BESIII(2025)[160] AF > 20+ -0.50*53% BESIII(2025)[160]
AF 5zt 0.761993 BESIII(2025)[160] AF 5 Etal -0.26+048 BESIII(2025)[160]
AF - 20K+ —0.64+0.70 BESIII(2024)[162] AF - =0kt —0.77 £0.59 BESIII(2024)[162]
AF = AK* 0.33+0.08 LHCb(2024)[161] AF = AK* —-0.799 +0.041 LHCb(2024)[161]

IOPP Colloquium, CCNU, 2026
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. decay asymmetries

Chin. Phys. C 50, 022002 (2026)

Mode polarization a Experiment Mode polarization a Experiment
20 5 Eat -0.63+0.03 Belle(2021)[46] 20 - AK*(892)° 0.15+0.22 Belle(2021)[182]
g0 - 2020 -0.90+0.27 Belle(I1)(2024)[185] 20 - X K*(892)” -0.52+0.30 Belle(2021)[182]
Polarization parameter a in E} decays from PWA of Ef — pK~#* at LHCb [190]
Decay polarization « Decay polarization a Decay polarization a
pK*(892)° 0.613 +0.065 pK;(1430)° 0.36 +0.17 pK;(700)° 0.60+0.12
pK;(1430)° -0.76 +0.10 A(1405)n* ~0.75+0.30 A(1520)7* -0.77+0.13
A(1600)7* —0.06+0.41 A(1670)1* ~0.66+0.19 A(1690)7* —0.58+0.16
A(1710)7* -0.86+0.36 A(1800)7* -0.5+1.2 A(1810)7* 0.96+0.43
A(1820)7* 0.64+0.33 A(1830)7* 0.30+1.02 A(1890)7* —0.19+0.58
A(2000)7* 0.53+0.15 A(1232)* K~ -0.774+0.071 A(1600)** K~ 0.35+0.28
A(1620)** K~ 0.26 +0.39 A(1700)** K- 0.15+0.30

Xiao-Rui LYU

IOPP Colloquium, CCNU, 2026
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Xiao-Rui LYU

Spectroscopy

’\"A Baryons are red-blue- Mesons are color- T
. ’; green triplets anticolor pairs "

A=usd n=0ad

Other possible combinations of quarks and gluons :

Pentaquark H di-Baryon Glueball

S=+1 Tightly bound I ’ Color-singlet multi- ¢

Baryon ‘ 6 quark state gluon bound state ¢
Molecule

Tetraquark " i q§ -gluon hybrid

Tightly bound N loosely bound ) mesons

diquark & mesor: ‘/‘\'\t

anti-diquark

antimeson Y
“molecule” :

IOPP Colloquium, CCNU, 2026
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Hyperon spectroscopy in A} weak decays

« The A} weak decay acts as isospin filter
e.g., Oset suggests to study the A(1405) through Ac—nA(1405) and
A(1405) e v, which filters 1sospin I=0 from contamination of the I=1

[Phys. Rev. C 92, 055204 (2015), Phys. Rev. D 93, 014021 (2016)]

Status as seen in —

Overall Status a
Particle J¥  status NK X«
ve A(1116)  1/2F skt
a A(1380) 1/2° ok ok *k
¢ A(1405)  1/27  skokk kwkk skokokk
c s A(1520)  3/27  wwkx skekkk sokkk
S A(1600) 1/2% KKk ok Kk kR
u . weddes A(1670)  1/27  swkx skokokk  sokokok
q A(1690)  3/27  sxkx kkkk kkx
A(L710) 1/2+ %
A(1800) 1/2- kK *kk  kk
A(1810) 1/2% koK ok *k
- A(1820)  5/2F  wkkx kkkx ko
AT _
d \ A(1830) 5/2 sk kkokk kR
“ A(1890) 3/2F  mkkk  aakx s
|m A(2000) 172 * * *
e < iiu+dd+ 5s | Final state A(2050) 3/2_ * * *
" ] interaction A(2070) 3/2+ " * *
) B A(2080) 5/2 * * *
- . . A(2085) T7/27 *% Kok *
Weak decay 99 creation A(2100)  T/27  swwkx kkkx kok
A(2110) 5/2% sokok sk s,k
A(2325) 3/2  « R
A(2350) 9/2% KKk Fokok *
A(2585) * *
Xiao-Rui LYU IOPP CO”OQUiLull, VUUINU, 2UZU

Overall
Particle J¥  status NEK An zn
2(1193) 1/27 s
3(1385) 3/2* seskksk sokokk koK
X(1580) 3/2™ * * * *
X(1620) 1/2- * * * *
X(1660) 1/2% Kook sokk fokok Hokok
Z(1670) 3/27 sk mwwk skokksk kool
X(1750) 1/2- koK o *ok sokok
D(1775) 5/27  sxkk  kwkk  kkkx Kk
2(1780) 3/2% * * * *
X(1880) 1/2* Fk $ok *
X(1900) 1/2- xk *k * *ok
X(1910) 3/2- Kook * * -
3(1915) 5/2F sk skk kokk Kook
£(1940) 3/2+  « . .
X(2010) 3/2- * * *
X(2030) 7/2% Hokkok sokokk korokk *ok
X(2070) 5/2F * * *
£(2080) 3/2+  « .
X(2100) 7/2™ * * *
X(2110) 1/2- * * *
X(2230) 3/2* * * *
X(2250) o ok * *
5(2455) R
5(2620) R

AR



Cross-channel studies

AT - At AF - Tl A > 2 0t

« Af > pK~nt o A} - pK.m! o A - An'rm*
« Af > nK.m? o« AY > Antr! c Af 5>y ntnt
c Af >y ntnt c A 53X a7 o At S ¥trTmt
o« AF - 3¥070x* e AY -5 X%tg® o EfY s pKrt
« AY >3t rmt o A - 3tnm! .

« AY o> Anm? e B} > pK.mt

[ J [ J

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 A0



SCOI Partial wave analysis of AL - At™n

PRL134, 021901 (2025) —

« Af — Am™n decay provides a good platform to study the internal
structure of a,(980)" whose exact nature remains elusive.

« The Am™ mode, representing a pure I = 1 combination, excludes
influences from A” resonances as compared to the X and pK modes.

 Study of low-lying excnted = state, eg X(1380)*, can be performed,
along with the nearby state 2(1385)+ [Wang et al, CPL 41, 101401 (2024)]

1501 vs = 4682 MeV

g,: - —+— Data |
> - —— Fit result
- w3 Signal
 Based on TF-PWA package: S b Combinatoria
R .o . E 100 background

https://gitlab.com/jiangyil 5/tf-pwa o0 [ " Simulated background |
* BDTG trained sample with about 1312 = of

signals with purity of about 80% 8t

&
92 225 23
M, (GeV/c?)

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 &N


https://gitlab.com/jiangyi15/tf-pwa
https://gitlab.com/jiangyi15/tf-pwa
https://gitlab.com/jiangyi15/tf-pwa
https://gitlab.com/jiangyi15/tf-pwa
https://gitlab.com/jiangyi15/tf-pwa

~PWA: Partial Wave Analysis with l‘

e Fast =

 (General

* Easytouse -

TensorF

* GPU based
* Vectorized calculation

* Automatic differentiation
Quasi-Newton Method: scipy.optimize

* Model customization support

 Simple configuration file (example provided)
* Most processing is automatic
* All necessary functions implemented

* Open access

Xiao-Rui LYU IOPP Collogquium,

_ * Rich function support

https://github.com/jiangyil5/tf-pwa

CCNU, 2026 51


https://github.com/jiangyi15/tf-pwa
https://github.com/jiangyi15/tf-pwa
https://github.com/jiangyi15/tf-pwa
https://github.com/jiangyi15/tf-pwa
https://github.com/jiangyi15/tf-pwa

-PWA: amplitude factorization

< /1,, VA Feynman rules user defined
0-1+42 _ Jo*
Decay _< A0-142 — Hj, 2,030 2,-2,(®,6,0)

] *
z HARAB AA AR -Ag ((p1; 91; O)R(M)HAC )LDDAR)LC -Ap (()02) 82; 0) Wigner_D matrix

1

- M R(M) — > > - ,
do mg — M4 —imyl’
— X A - -
Aa ApAcAp ! R
Automatically calculated from decay structure
r———--_-_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_E—_—_—_—_—_—_————— — _
 automatic factorization of amplitude, as alignment

combination of summation and production
 automatic differentiation in likelihood

! :

I I

! I

! i probability: |A|?
I

,  minimization and error propagation !

; |

I I

I I

| |

I 1

Decay Group: A = Ay + A, +
Decay Chain: A = A;RA, -
Decay: Wigner D-matrix, A = HD*/ (¢, 6,0)
Particle: Breit-Wigner: R(m), user defined

* optional optimization for better performances
» amplitude caching (eg, resonance lineshape, ...)
* mixed likelthood for simultaneous fit

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 | <)



THF-PWA architecture

Cached data
(angles)

Data (4-momenta)

-
1
1
1
1
1
1
1

Inner Amplitude
representation formula

Fit results Other

Config.yml
(parameters) measurements

L
1
L
L
L
1
%

Phase Space

Uncertainties
Samples

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 |~ ]



SCOI Baseline model of AT - Anr'n

PRL134, 021901 (2025)

—+ Sweighted data
— Total fit
—_ Aau(980)“
ANR (')
— (1385
— A(1670)m*
BH Total interference

200F 100k

100} 501

Events / (0.025 GeV/c2)
Events / (0.020 GeV/c?)

Events / (0.021 GeV/c?)

P TP B B i her : [ === AP
1.3 1.4 1.5 1.6 1.7 1.8 2
M, (GeVic) M, (GeV/c?)

0.4

« A7 > Aay(980)" firstly observed
* Decay asymmetries obtained
based on PWA amplitudes

0.3

MZ., (GeV?/ch)
MZ2., (GeV?/c?)

0.1

pAE > Aag(os0)t z AL +hag(os0)t 2
a + == 2
16 18 22 24 26 28 30 16 1.8 20 22 24 26 28 30 Aao(980) AT > Aag(os0)t 2+ AL~ Aag(980)t 2
MZ,.. (GeV?/c?) M2.. (GeV?/c*) 3.0 -3.0
At —xE(1385) Ty 2 At —x(1385) Ty 2
. , . . o i -t
Process FF (%) S o AT T AT s assn |7, | gad st tal?
5,0 — 5.0
Aao(980)" 54.0+8.4+2.6 13.1¢  0.917775 £0.08 oot 12 | At osacorot |2
* o K e ™
$(1385)"n 30.4+£26+0.7 22.50 —0.61+£015+£004 |y -l
A(1670)ct =
A(1670)r" 14.1+28+12 11.70 0.21+0.27 £ 0.33 N P R P e
1y -1l
ANRgy+ 1544+ 53  6.70 : :
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SCOIL Test of 2(1380)* in AY - Amr™n

PRL134, 021901 (2025) —

Baseline model Model A Model B
—+ Sweighted data | —+ Sweigh[ed data L —+ Sweighted data
& soal — Total fit N | — Total fit N — /T\m?; 2%),{
= B — Aa,(980) = 200 — Aa (980)* > 200 — Aay
% I ANR (M) E I — 2(f385)+n E - - gﬁigs(;m)
= — X(1385)'n S (1380 et 2(1380)+?]
S I — A(I670)T S [ — AU6T0) a i — A(I670)
S 100 [ Total interference S 100 [] Total interference S 1001 [ Total interference
- - P I s i +
g | g g [ ar
2 ! o [ 2 i +
13 14 15 16 17 13 14 15 16 17 13 14 15 16 17
M, . (GeV/c?) M, . (GeV/chH M, . (GeV/c?)
Process Model A Model B

Aao(980)T 52.9 + 4.5 (13.40) 50.6 8.0 (11.10)
2(1385)+n 36.6 + 2.6 (15.80) 31.3+3.0(14.60)
A(1670)7* 10.7+1.4(15.00) 9.0 +1.6(11.90)
2(1380)*n 15.5+4.4(6.10) 17.7+5.7(3.30)

ANR+ 11.3 + 4.4 (4.20)

* An evidence of 2(1380)* is found with significance larger than 3o

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 EE



SCOI Partial wave analysis of AL - At™n

PRL134, 021901 2025)

This work BESIII previous Belle
BAT — At ) (%) 1.04 +0.13 1.84+0.26 | 1.84+0.13
B(A} — Aap(980)1) - B(ap(980)" — 7t n)(%) 1.05+0.18 — —
B(AT — %(1385)Tn)(x1073) 6.78 £ 0.76 9.1£20 121+£1.5
B(AF — A(1670)%7F) - B(A(1670)° — An)(x1073) 2.74 +£0.62 — 3.48 +£0.53
¥Aag(980)* 0.917575 +0.08 — —
02(1385)4-,7 —061 + 015 — I
aA(1670)0W+ 0.21 +0.43 E— —
Decay Mode Ref. [19] Ref. [20] Ref. [21] Ref. [14]
AF 5 2(1385) T (x10°%) | 104 21+11/14+1.0 62+05(3.1+06) 53=+08(7.3=+1.5)
Decay Mode Ref. [26] Ref. [27]
AT = Aag(980) T 1.9x 104 177284+ 0.3) x 1073

 Iftaking B(a,(980)* - n*n) = (85.3 + 1.4)%, B(AF -
Aay(980)") = (1.23 + 0.21)%, which differs significantly larger
than theoretical prediction by 1-2 orders of magnitude.

« Large decay asymmetry in A7 — Aa,(980)"

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026
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SO ML-boosted study of AL - nmt™n

¢ As At - Aay,(980)* is observed with BF of (1.23 arXiv:2603.28232
+ 0.21)%, it is natural to search for the SCS mode of
At -5 nay(980)* in A » ntn

* However, more challenging due to the suppressed decay rate and the un-
detectable neutron=>» DT method is implemented to missing the neutron

200E 7T F L i e B
E —+Data -+Data 1 [T L e e B e S B e |
180F Oai—enn 1] = VY SOF a1 = 37T 14f —+ Data 3
DIAT=An [ OA—a F — Total fit ]
o 160F =0 el ~ [ TAsee - otal ]
O ||) L 40_— e = _12f Toiae =
> E . - I WA= wtnn® ] a L
[ F A —Ax*T® 2 _ =2 | == Non-resonance -
S 120F ©aortent T e 3 % 1OF s ag0m0r E
E A C —Einttn i . r o ]
= 100t .iﬁai; S ma-ro L b . = [ — Total background ]
E [ WA —=nKlra® ] jacd L 1
'E 80 | Other A} background ‘2 20 m A:—»):“;*n' I 1 o) C ]
g F I Non-A} background g [ WA—-Zatnt ] :‘ﬂ- 6 ]
= E = [ [ Other A} background g o - ]
405 10 B Non-A} backgronnd ma- 4 :_ :
20F 5 c , ]
E " r | e R 5 2-_ s
3.0 02 04 06 08 10 12 14 16 3.0 02 04 06 08 10 12 14 L
2 2 0n 1 T METE S B S SN R Y PP
M i, (GeV/e?) M i (GeV/e?) %7 o8 09 10 11 12 13
DNN U M., (GeV/c)
soz—oiga:;lm T /1 R “Data REE + +
[ —— Tof of = L
sof 2 K E 1 * A7 - nm™nisobserved
T T AT 1 = 3
S F ATy ] = E B(A+—>nn'+ )
& 40 A background 0 -] (] 3 C 77 _
Nt ) - ERC ——— = 0.155£0.031+0.012
2 i i
g g E +
: 2 L * ,(980)" is not seen
14
M, (GeV/c?) M. (GeV/c?)
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SCOL partial wave analysis of A7 > pKTK~

arXiv:2603.08469 =

* A clean SCS mode to explore the intermediate states

* About 526 signals used to carry out the partial wave analysis based on
-PWA package

* Very clean ¢ component

r % —+- sWeighted data 40
& L — Total fi @ &
$ 150¢ ~ P?E(L"gﬁé) = 40 >

L o )
& 100 — Al = = 20}
a : A(I6TOK* S 20 o I
= r Total interference S I = |
2 S0F 2 2
5| th . 5 0
@ [ ot e ’ + A L @ i

0 ,7fmﬁﬁmﬁmﬁﬁi‘; C 1 1 1 1 1 I 1
1 1.1 1.2 13 14 15 1.6 1.7 1.8 14 1.5 1.6 1.7 1.8
M. (GeV/c?) My (GeVic?) M . (GeVic)

Process FF (%) S B(/l:: - pK+K_) =(9.94 4+ 0.65 + 0.50) x 104
pg(1020)  57+5£2 16.60 B(AT — A(1405)K, A(1405) — pK ™) = (0.23 + 0.10 £ 0.06 + 0.01) x 102,
pfo(980) 40+16+15 3.60 B(AF — A(1670)K™*, A(1670) — pK~) = (0.13 £ 0.11 £ 0.09 £ 0.01) x 10~2,

AC05)K™  21£9+6 460 B(A — pfo(980), fo(980) — K+ K~) = (0.43 + 0.17 +0.16 £ 0.02) x 1073
— , — = (0. . . . ,

A(1670)K+ 1241048 5.00 e PO 0 )
B(AF — p(1020), $(1020) - KTK~) = (0.62 & 0.05 + 0.02 + 0.03) x 1073,

B(AF - p¢) = (1.21 + 0.11 + 0.08 + 0.01) x 1073

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 EQ



BESIII Physics White Paper

Chinese Physics C

Int. J. Mod. Phys. A 24, S1-794 (2009) Chin. Phys. C 44, 040001 (2020)
[arXiv:0809.1869 [hep-ex]]. doi:10.1088/1674-1137/44/4/040001
[arXiv:1912.05983 [hep-ex]].

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 BO



Planned data set

Table 7.1: List of data samples collected by BESIIT/BEPCII up to 2019, and the proposed
samples for the remainder of the physics program. The most right column shows the
number of required data taking days in current (T¢) or upgraded (7Ty) machine. The
machine upgrades include top-up implementation and beam current increase.

Energy ‘ Physics motivations ‘ Current data ‘ Expected final data ‘ Te [ Tu
1.8 -2.0 GeV R values N/A 0.1 fb~! 60/50 days
Nucleon cross-sections (fine scan)
2.0-3.1GeV R values Fine scan Complete scan 250/180 days
Cross-sections (20 energy points) | (additional points)
J /1 peak Light hadron & Glueball 3.2 b1 3.2 b1 N/A
J /1 decays (10 billion) (10 billion)
Y(3686) peak | Light hadron & Glueball 0.67 fh~! 4.5 b1 150/90 days
Charmonium decays (0.45 billion) (3.0 billion)
1(3770) peak D°/D* decays 2.9 b1 20.0 th—1 610/360 days
3.8-4.6 GeV R values Fine scan No requirement N/A
XY Z /Open charm (105 energy points)
4.180 GeV D, decay 3.2 ! 6 th—1 140/50 days
XY Z/Open charm
XY Z /Open charm
4.0 - 4.6 GeV Higher charmonia 16.0 b1 30 fhb—! 770/310 days
cross-sectjons at different /s at different /s
4.6 - 4.9 GeV | Charmed baryon/XY Z 0.56 fh~1 15 fh=! 1490/600 days
crosssections at 46 GeV at different /s 18 fb_l
4.74 GeV YT A cross-section N/A 1.0 b1 100/40 days
4.91 GeV Y..Y, cross-section N/A 1.0 b1 120/50 days A-(I:_ data
4.95 GeV =. decays N/A 1.0 b1 130/50 days
in 2020-2021, 5.8 fb! is taken
Xiao-Rui LYU IOPP Collogquium. CCNU. 2026  LChin. Phys. C 46, 113003 (2022)] an



BESII Proposal of the upgrade BEPCII

An upgrade of BEPCII (BEPCII-U) has been completed in 2025
v Improve luminosity by 3 times higher than current BEPCII at 4.7 GeV
v' Extend the maximum energy to 5.6 GeV

Capable of finishing the
proposed luminosity of
AY data in shorter time

1490 =» 600 days

4

I

33 L
Ix10%F  ypgrade BEPCII 2N
(BEPCII-U) N

% 8x10%F Vin | \‘Q
|;: A
S BEPCII ® o “\‘ 3xLggpen
2 6x10%f .¢\0
= o’ [ Y (=3 ‘
E = \
= 4x10%} r S
.\ ~%e
> IS

2% 10%} F -

2.0 3.0 4.0 5.0 5.6
Ecm (GeV)
Energy I Physics motivations ] Current data

[ Expected final data I Tc /| Tv [

1.6 - 1.9 GeV

Charmed barvon/XY Z

cross-sections

0.56 fb-T
at 4.6 GeV

15 -1

at different \:

1490/600 days

"~ 4.74GeV | SFA- cross-section N/A 1.0 T ~100/40 days
1.91 GeV Y. Y. cross-section N/A 1.0 b1 120/50 days
4.95GeV |  Z. decays N/A 1.0/7T " 130/50 days

Xiao-Rui LYU

IOPP Colloquium, CCNU, 2026
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(a)

» Energy thresholds * Cover all the ground-state charmed
v etem > Ai§c_ 4.74 GeV baryons: studies on their production &
v oeteT o AL . T 4.88 GeV decays, CPV search, to help developing
+ - ‘NI . . .
“: ee ™ DERY: 2-91 gev more reliable QCD-derived models in
ete” = L & 94 GeV charm sector
v ete” - 0909 5.40 GeV

* Studies on the production and decays of
excited charmed baryons

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 RD



A} data taking with BEPCII-U

« Began a new round of A} data taking at 4.68 GeV on Feb.27 2026
* Very smooth data taking

Cumulative integrated luminosity vs date Integrated luminosity each day

3
=3
=3

w w

= [}

2

8
N
b

Cumulative Luminosity (pb~1)
Luminosity (pb~1)

N
>
w
"
%
%
5
- .
o w o w
<, =
0, ]
)
— —— —
2 |
———
%
/N N R
%
)
%
%

e Integrated luminosity: 0.85 fb~1
e The highest daily integrated luminosity reached 36 pb™!
(~7k AY A7 pairs)

Xiao-Rui LYU IOPP Colloguium, CCNU, 2026 [~



Summary

¢ In recent years, experimental activities on charmed
baryons are reviving, esp. at BESIII

¢ Threshold data at BESIII opens a new door to direct
measurements of the decays =»comprehensive and

systematic studies of charmed baryon decays

v BESIII has published several world-leading results based
on ~80 M At samples

v’ Additional >160 M A} samples are collecting now

v More efforts on hadronic decays with n/X /= particles &
semi-leptonic decays

¢ Opportunity in other charmed baryons:
Plan to take data up to 5.6 GeV to cover all the ground-state
charmed baryons

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 RA



Backup
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Quark model picture

a heavy quark (c¢) with an unexcited spin-zero diquark (u-d)
=>» diquark correlation is enhanced by weak Color Magnetic Interaction with a

heavy quark.
P
u
&

d
& d
o
o S

- Charmed meson (D*[cd]) > Strange baryons (A[uds]) - Charmed baryon (A.[udc])
my << m, = quark + heavy quark m,, my = m, = (qqq) uniform m,, my << m, =2 diquark + quark
@ Q) (qq) Q

In some sense, more reliable prediction of heavy-light quark
transition without dealing with light degrees of freedom that
have net spin or isospin.
A} may provide complementary powerful test on
internal dynamics to D/Ds does

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 AR




The A decays

Since 1980's, the At have been produced and studied at many experiments,
notably fixed-target experiments (such as FOCUS and SELEX) and e*e” B-
factories (ARGUS, CLEO, BABAR, and BELLE).

PDGIZOIJim‘ JE e * Before 2014, absolute branching
- L= | | fractions (BF) of A7 decays are still
L ey not well determined
ipm T => BFs of all measured decay modes are
P:P;;f —— e measured relative to AY— pK~
S et * No completely model-independent
miwem | e [ § o e measurements of B(A} - pK~n™):
S e B B I uncertainties of BFs of A decays are
PR N e R 25%~40% in PDG2014
et W N I * The sum of measured BFs 1s only
wtp | about 60%. Many missing channels,
i || Wy | esp., those leptonic or neutron-
o by involved decays

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 R7



SCSII Production near threshold and tag
technique

Eone=4600MeV

E.s-2my.=26 MeV only!

AT AL produced in pairs with no additional accompany hadrons.
¢ efe—oy*— ATAL

p
* Clean backgrounds and well constrained kinematics. ¢, * | P
O

Typically, two ways to study A¥ decays: Semi-L\kpuﬁic mode

« Single Tag (ST): detect only one of the A} A7 () —e@
v Relative higher backgrounds

v Higher efficiencies @—‘7‘—(8+>

v Full reconstruction 6
* Double Tag (DT): detect both of A} A, @(/ ST mode

v Clean backgrounds @ \,
v' Missing mass technique: missing-mass technique: ©
K, /neutron, neutrino, ... NDT
v Lower efficiencies B; = ij &
v’ Systematic in tag side are mostly cancelled N jST Eij

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 AR



Charmed Baryons

Structure  J* Mass, MV Width MeV  Decay

At ude  (1/2)t 2286464014 (2004+6)f weak
hy use  (1/2)F 46787 0¢  (4424+26)f5  weak
=0 dsc (1/2)7  u088%3 12 fs weak
L wue  (1/2)% 2454024018 223£030 Afrt
Iy ude  (1/2) 24529404 <46 A
£ ddc  (1/2)t M5376+£018 22404 Afm
i use  (1/2)t 25756431 — =ty
=0 dse  (1/2)F 25779429 — =y
0 ssc (1/2)7 26052417  (604+12)fs  weak
oY wue  (3/2) 25184406 149419 Afrt
b had ude  (3/2) 25175423 <17 Afr®
il ddc  (3/2)t 25180405 161+21 Afr
Gl use  (3/2)r  2645.970% <31 BT
Ch dse  (3/2)F 26450405 <55 BT
(20 ssc (3/2) 27659420 — 0%y

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 RO



Angular dependence analysis of ee— AJA; [8%]
near threshold pr. 120, 132001 2018) =

4.00 -—l T _' mr E L L —- - 2
Bddntan { : combined data f(0) o< (1+ ay, cos®0)
| =@ BESIII data : ] (@) T T ] I\ R A S
300 |- =%~ Belle data : 4 = = : |
[ — BESIII fit 1 — ~ 6000 7
_ - - PHSP model ) : —4 1 2 Z M
@ 200 -_ Threshold -—I * | - 8 g 40007 ]
© i ] LE - ] LE [ ]
100 [ ] 100" 4575 Mev (a) ; 2000__4600 vev (D)
: + : : 05 0 05 1 05 0 05 1
0 4..‘"‘.lﬁl - .4.:7.!7.h I ‘4.I."!3I - .4.;‘:]. - 4%(1 COSGA, C()Se[\L
s (GeV
e Gr/GulP(1-8%) = (1-ax)/(1+as,).
Vs (MeV) A, Ge/Gu]|
4574.5 —0.13+0.12 £ 0.08 1.14 +0.14 £+ 0.07
4599.5 —0.20 £+ 0.04 £ 0.02 1.23 +£0.05 £ 0.03

® One of the most basic observables that intimately related to the internal
structure of the nucleon.

® One of the most challenging questions in contemporary physics is why and
how quarks are confined into hadrons.

® The electromagnetic form factors (EMFFs) have been a powerful tool in
understanding the structure of nucleons.

® First measurements of the EMFFs of the A}

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 70



Important Input for b physics

* stringent Fragmentation Function of b/c quark to baryon

— [Bur. Phys. J. C12, 225 (2000); Eur. Phys. J. C 16, 597 (2000); Phys. Rev. D 85, 032008 (2012),
Phys. Rev.D 66, 091101 (2002).]

— Fragmentation Function (FF) 1s an important probe in experiment to test and calibrate QCD theory.

PhysRevD.85.032008

TABLE TV. Systematic uncertainties on the absolute scale of
fﬁ\h/(fu o fd)
Source Error (%)
Bin-dependent errors 22
B(A)— DpXp~ ) 2.0
Monte Carlo modelling 1.0 <I:)CD —— i
Backgrounds 3.0 “CRICHIETNG acD-non-calculable
Tracking efficiency 2.0 2) Hadronization/Fragmentation §
I, 20 3) Detection
Lifetime ratio 2.6
PID efficiency 25
Subtotal 6.3

AT -t -+ H H
I 280 ® Now B(pK~ ™) are still dominated (6%)
Total 26.8

® 2(0x data=> small than 2%

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 71



First Measurements of absolute BFs
for =,

— (1.80 & 0.50 £ 0.14)%,
= (1.17 £ 0.37 £ 0.09)%,
= (0.58 £ 0.23 % 0.05)%,
2.86 £ 1.21 & 0.38)%,
= (0.45 £ 0.21 % 0.07)%.

e R s U

* Large errors
* Belle II will improve these to ~10%
* BESIII has potential to improve these to be <5%

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 79



A, decay asymmetries

4(6)-fold angular analysis of the cascade decays PRD 100, 072004 (2019)
of A, — pKS,An

>*tr0 and X9t

- [
S s hc
s - &
fh Af / § 60 1
A 40|
e 20 |
CM frame A, rest frame 0 __ L
: Oz
ot l.'\f’l A P ™
\p
A/ rest frame A rest frame
AT = pKg ArT STl 07t
—1.0[16], 051 [11][=0.70 [16], —0.67 [L1]] 0.71 [16], 0.92 [11][ 0.70 6], 0.92 [11]
—0.49 [10], —0.90 [10]|—0.95 [10], —0.99 [10]| 0.79 [10] —0.49 [10]| 0.78 [10], —0.49 [10]
B Predicted |—0.49 [17], —0.97 [18]|—0.96 [17], —0.95 [15]| 0.83 [17], 0.43[12]| 0.83[17], 0.43 [19]
ale, —0.66 [19], —0.90 [30]|—0.99 [19], —0.86 [30]| 0.39 [19], —0.76 [30]| 0.39 [19], —0.76 [30]
—0.99 [20], —0.91 [31]|—0.99 [20], —0.94 [31]|—0.31 [20], —0.47 [31]|—0.31 [20], —0.47 [3]]
PDG [7] —0.91+0.15 —0.45 +0.32
This work| 0.18+£0.43+0.14 —0.80 £ 0.11 £+ 0.02 —0.57 £ 0.10 &£ 0.07 —0.73+0.17 £ 0.07

Events/0.1

(sign(o, )sin0,sing )

sin Ag=—0.28 + 0.13 + 0.03

« Best precisions on the hadronic weak decay asymmetries
« The transverse polarization is firstly studied and found to be non-
zero with 2.1

IOPP Colloquium, CCNU, 2026
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Test FSI model of a;,(980)" and A(1670)

L —4— Sweighted data

a L — Total fit (a)
.2 100 | — Aa,(980)"
> | —— ANR(t'1))

[5) | — X(1385)'n
€] i — A(1670)m* FSI _i..
— [ Total interference
o~ B Al
s 50
o L
~ |
~

- L

E -

5]

> 0 i
8a)

Xiao-Rui LYU

M, GeVic?)

Events / (0.025 GeV/c?)

400f

)
S
S

A
S
S

200

(=]
L | L

eighted data
- — Total fit

r —— Aa,(980)" FSI
— o (T m)

| — X(1385)'

- — A(1670)n*

= E}HEEE Total interferencle

07 08 09 1 11

M., (GeV/c?)

Events / (0.025 GeV/c2)

200F

100}

150

¥
o

—+ Sweighted data + (©)
— Total fit

— Aay(980)" FSI
— Z(1385)
— A(1670)"

o

09 1
M, (GeV/c?)

0.8

Large interference between a,(980)* FSI with NR

IOPP Colloquium, CCNU, 2026
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BESIT ML-boosted observation of AL - pr®

PRDI111, LO51101 (2025)

» Use Deep Neural Network (DNN) to identify A} (— pr®)A; (- anything)
after ST selections

v Form point clouds with all recorded tracks & showers B
v' Train Transformer model with MC samples covering all A, final states

v Randomly shuffle signal & background MC samples with equal statistics
« Take Af — pn,n — yy as reference channel

* Data augmentation
v' train AY - pn® and AY - pn in one 2sf
uniform model -
v/ maximum systematic cancellation
* Mass decorrelation to ease the model
decoration on the signal discriminator
v’ an iterative method is implemented on
beam-constrained mass in background
events in loss function

— 71
=== Original
: — 1st iteration
20 = 3rd iteration

— 5th iteration

[
un
T T T

7th iteration

Background PDF
=Y
=

i
T T 11

IIIIIIIIIIIIIIIII]IIIIII

o
o
T

]
T T T

1 I 1 L L 1 il 1 l 1 1 1 I 1 1 1
2.26 2.28 230 2.32 2.34

M. (GeV/c?)
wo(Mge) =1, 0;(Mgc) = w;_1 (Mg() " pBKG (a1 o
orig\ " BC
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Energy thresholds
vete” - AIZZ 4.74~4.87 GeV
v ete™ - AFAZ(2595)(Z. m)  4.88 GeV
vetem 53, X, 4.91 GeV
vetem 5 E, &, 4.95 GeV

Singly-charmed baryon

The Born cross-section ratios between AAZ + c.c.and AzZ} + c. c. at different energy
points can provide more information about the production of c¢¢ or qg from vacuum.

BESIT  Cross sections for e*e™ — AfX and X, X,

Xiao-Rui LYU

et u
] | Al=0 d
ete” - AtX_ above 4.74 GeV: An interesting isospin B
violating process to understand the QCD dynamics at ¥ d
charm sector e u

ol

v' A cross section scan slightly above 4.74 GeV will be
useful for comparison with that of ete™ - AYA; and AYZ;
v o(ALZD)/o(AEA7) vs. o(AZ)/o(AN)

=>» vaccum pol. to ¢ v.s. 5§ Y
v If observed, study the polarizations and form factors d
c

ete” - X, X, around 4.91 GeV:
v Cross section comparison with that of ete™ = AfA; =
=> good diquark v.s. bad diquark p
v' Study the polarizations and form factors in ete™ — £2%2 =

and Z}X7

IOPP Colloquium, CCNU, 2026 w4



SOl Comparison of X** helicity angles

PRL134, 021901 (2025)

Baseline model Model A Model B
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BESIT  Observation of ete~ — AtA, (2595)
and ATA,. (2625)"

Datasets of 208/pb at 4.92 GeV and 159/pb at 4.95 GeV

PRD 109, L071104 (2024)
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Y et-to-be-Explored E;r o Q0 Decays

« We (will) have precise A} data after BESIII efforts

+ However, &, %/ 09 has insufficient data
* A new territory for BESIII!

Mode Fraction T; /T)

~ Cabibbo-favored (5= —2) decays Mode Fraction (s /'T)
I, 92 KO (2.5+1.3) x 10-3 » Cabibbo-favored (§ = —3) decays — relative to 27+
Ty AR 7t Tg 'K 1.64 +0.29
Iy 5(1385) "K' M (29£20)% T, EOK— g+ 1.20 +0.18
Ty AK=2 7t (9+4) x 1073 0 D
. 0 I's E°X ,K - K=t 0.68 £ 0.16
Ts AK (892)" 7+ M < 5x107
i $(1385) K-n+ W <6x 1073 Ty 2(2012) 7", 2(2012) " — Z°K 0.12 +0.05
I, ZtE-ot (2.7+1.2)% 0
c I'io HSK 2.124+0.28
I TK (892)° o (2.3+£11)%
0
Ty 2OK-2 7 (8+£5)x107° I'n £2(2012) =, £2(2012) — 2K 0.12 +0.06
r F0,+ 1.6 £ 0.8)%
0 " ( % Ty E K 2nxt 0.63 & 0.09
Ty E-27t (2.9 +1.3)%
Ty Z2(1530) 7+ M <929x10°% i3 5(1530) Krnt, 505 57" 0.21 £ 0.06
= 0_4
T =(1620) "7 seen T =% 71'* 0.34 + 0.11
T Z(1690)%x seen
Tus S04 0 (6.7 +3.5)% I'is pK K w" seen
FIS 507?72 nt (50:|:26) Flﬁ E+K7K77T+ < 0.32
1T Flety, (T+£4)% —0—0
T Q-K+tnt (2.0 +1.5) x 1073 I'y7 AK K 1.72+0.35

+ PDG2023 Q7 PDG2023

Xiao-Rui LYU IOPP Colloquium, CCNU, 2026 70



Future opportunity at LHCDb and Belle 11
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70¢
60F—
apt Belle. PRL113, 042002 (2014)
50— s «— 50| _ —
40: Integrated luminosity NE 3000 Slgnal tags:
— = L
30§_ Intermediate | 2 36447+432
of-  Machine/detector X goals 2 2000 @ 978 /fb
E commissioning l summer 0 L p
o | =
10 shutdowns ~— 10§ o 1000
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x10% g Nr
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: i ple
2 1000
ot I ok I L I z . . . .
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M_..(D"pr) (GeVic?)

« Belle tags ~36K A%, while BESIII now tags 15K AL (567/pb@4.6GeV)

« By middle of 2019, BELLEIl will have 5/ab data, 5x of BELLE data;
= 180K tagged Af;

« We will have 150K tagged A}, however, BESIII is very clean

* Many precise measurements at BESIII will reach to the level of systematic
dominated
=>» BESIII has advantages on backgrounds and systematics
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World campaign on the Al

BESIII Belle(-1l) LHCb

A total yields % *x x * ok x ok *
S/B ratio N x % o
Systematic error * kK xx * x -
Systematic research * ok x ok * ok "
Semi-leptonic mode * ok ko * x ok .
n/K -involved mode x & K X K * % ke
Photon final state * ok x ok x * x ok x e
Absolute measurement X Kk * % v

 The threshold data at BESIIlI have systematic advantage
over Belle(-Il) and LHCb in the A{ studies.

* This proposal holds an optimal time window to maximize
the visibility of BESIII physics.
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Phys. Rev. D 98, 112006 (2018)

Measurement of the Decays A, — Y7nm at Belle
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SOl Improved A} decay asymmetries

arXiv:2508.11400
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SCSI

A} decay asymmetries

arXiv:2508.11400

Parameter A — pK3J AT — An™ A — Eo0rt AF = Etq®
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Strong phase convention in
barvon decayvs

. ) 5 > ScienceBulletin 02.030(2025)
o 2ReGP) p 2ImGP) - B IPE B x sign

SP+ PP " ISP PP ISP+ 1P P+ axsign
o + 7+ o x sign

’ o — 2|S||P| cos(dp — ds) g, — 2|S||P| sin(dp — ds) . ’ ‘
1= 2 2 N W 2 2 : — ‘ | 10g — | | lop
ISP + IP| S + IP| S, = [S|e"s, P, = [P|e"r,
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. . . _ : i55 _ | | C iop
|03 = sin(20) cos(0p — ds), B; = sin(2()sin(dp — 55). 93 = |A|sIn{e'™,P3 = | A|cos (e |
Table 1
Summary of experimental data on the parameters o, §, and ¢ and the phase shift, 5, — ds, in various two-body nonleptonic decays of the A and = hyperons and singly charmed
baryon A_.
Experiment Process o or (o) por (B ¢ or (¢) Sp — 8 Value ép — ds (rad)
(rad) (rad) of sign Eq. (10) with Eq. (10) with
sign=1 sign=—1
A fromp (1963) [14] A —pm- 0.62 +£0.07 -0.18 £+ 0.24 . -0.26 +0.35" Unknown -0.28 +0.36 2.86 +0.36
A from 7 p (1967) [15] 0.645+0.017 -0.103+0.065 -0.14+0.10 -0.16 £0.10° Unknown -0.16 £0.10 298 +£0.10
E756 (2003) [18] E —Am -0.458 +0.012 -0.03+0.04 -0.03 +0.05 0.06 +0.09 +1 -3.08 +£0.09 0.06 +0.09
HyperCP (2004) [19] -0.458 +0012 -0.037 +0.015 -0041-+0.016 0.080 + 0.032 Unknown  —-3.062 +0.031 0.079 + 0.031
BESIII (2022) [20] —-0.373 £ 0.006 Positive 0.016 £0.016 —0.040 £0.037  Unknown 3.102 £ 0.036 —0.040 + 0.036
BESIII (2022) [21] -0.350+0.018 Positive 0.073 +0.052 -0.20+0.13 Unknown 295+0.13 -019+0.13
BESIII (2024) [22] -0.371 +0.004 Negative —0.013 +0.008 0.033 +0.023 Unknown  -3.109 +0.025 0.033 + 0.025
BESIIL (2023) [23] =0 Az -0.377+0.003 Positive 0.005 +0.007 —0.013+0.017  Unknown 3.129 +0.017 -0.012+0.017
LHCb (2024) [24] Al — Ant -0.785+0007 03780015 0.656+0.027 2.693 +0.017 Unknown 2.693 +0.015 -0.449 +0.015
LHCb (2024) [24] Al — AK' -0.516 +0.046 0.33+0.08 2.75+0.11 257 +0.19 Unknown 258+0.12 —-056+0.12
BESIII (2024) [13] A; - Bt 0.01+0.16 -0.64 +0.70 3.844090 —1.55(1.59)+0.25" +1 ~1.55(1.59) £ 0.25 1.59(—1.55) +0.25
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