Recent experimental progress on
A7 decays

Xiao-Rui Lyu (E4%E)

(xigorui(@ucas.ac.cn)

University of Chinese Academy Sciences

see review article: arXiv:2509.19141



mailto:xiaorui@ucas.ac.cn

Outline

Introduction to the charmed baryons
Recent experimental progress in the A} decays
Future

Summary

SAEImsERE




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*— Afzm* in BNL PrL34, 1125 (1975)

v First evidence of Af at FermilLab rrL37, 882 (1976)

The first well established state is the A¥ at Markll PrL44, 10 (1980)

-0+ + + -
vpru AmToTow

D IINENE



The charmed baryon family

 Singly charmed baryons
v' Established ground states:

Ar s, 20,

v’ Excited states are being explored

» Observation of other doubly charmed
baryon E};

* No observations of other doubly or

triply charmed baryons

» A7 decay only weakly, many
experimental progress since 2014

> Y. B, > Afm)~100%; B(Z, — Aty)?

» E. . 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
before 201
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No absolute branching fractions have been measured.The following are branching

Mode

relative to the decay of £~ 2n™

Fraction (T'; /T")

to £~ x7 .Cabibbo-favored (5 = —2) decays — relativeto 5~ x™
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p2K§

—0
AK =t

—0
X(1385)°K
AK 2"

AR (892)%%+

3(1385)° K~ n+

TtKat
ZtK (892)°
g2t

Elg+
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2zt

h}

s lia—"

Fraction (T; /T)

1.64 +0.29
1.20+0.18
0.68 +0.16
212+ 028
0.63 +£0.09
0.21 +0.06
034+0.11
< 0.32

172+ 035

veto =~ &

0.087 + 0.021

1.0+ 05
0.323 + 0.033
<0.16
<023

0.94 + 0.10
0.81 +0.15
0.27 £ 0.12
0.55+0.16
DEFINEDAS1
<0.10
23+07
1.7+05
23407

0.07 £ 0.04

0.21 + 0.04
0.116 + 0.030

0.48 + 0.20
0.18 + 0.09
0.15 £ 0.06




A7 : cornerstone of charmed baryon

spectroscopy

(a) Charmed baryons
The lightest charmed baryon M ’-’_5’5%08 —os
Most of the charmed baryons will - | ]
eventually decay to Ac pD?’?; % _33’,_?98
The Ac is one of important tagging 7 ';&TSSO) - 00
hadrons in c-quark counting in the : v DSy T HAE +
productions at high energy energies C 1
and Bottom baryon decays i ) i 2 e |,
B(Af » pK~n™): dominant error % N ?fm
for V,, via baryon decay 5 T Ta )

Spectroscopy is well
described by the
quark-diquark model

——————————————————————— — 0.0
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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 quartk.

d ‘e
" )’
C 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) (q9) 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




A} weak decays

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

Topological Diagrams for A/ decays

ﬁ %C """""

4 q
T C '
W-emission T internal W-emission C | inner W-emission C’

i C § C ! § s o

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

0

q

Non-factorization amplitude

— Calculation is not reliable,

need exp. input

et LR

____________ R | 2
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The A decays

Since 1980's, the A" 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).

PDGIZOI;LWI === |« Before 2014, absolute branching
- Jwe| | fractions (BF) of AL decays are still
R . ey not well determined

d;;;vzr o s => BFs of all measured decay modes are

:Pi;’ s ) e measured relative to Af— pK~n?

A T R - * No completely model-independent
el - N measurements of B(A} —» pK~n™):
v I ) uncertainties of BFs of A} decays are

P v Rt 25%~40% in PDG2014
e S I * The sum of measured BFs 1s only
A - about 60%. Many missing channels,
| | esp., those leptonic or neutron-
A v involved decays
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o4 Charmed baryon thresholds

= EC 'Ql“ﬁf' -

a7 -« BES
5 __._ ................ (O R T o b2 1 ' YA SRR P B P | S
4_ __________ o .
3;_ ....... ‘ ...... l ........................................
2 %Tfflz:&#
BESIII energy upgrades:
4.6 GeV (Phase 1:2014)
-2 4.95 GeV(Phase [, 2021)
- 5.6 GeV (Phase lll, planned in 2026)
O s SRS A
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Specialties of current ongoing

experiments

BEST Belle (Il) & LHCb
ThreShOld pI’OdUC’[iOﬂ & o Large statistics
two body process » High background
Clean background « (Good PID and vertexing
Absolute meas. with many « Complex production
systematics cancel out environment
Missing-mass technique:  + Good hadron-ID and u-ID
neutron, neutrino ... » (Good photon resolution in
Good photon resolution: electron machines
> = Y ...

They are complementary!
SAEImsERE 14



JESTI  Single Tag (ST) and Double Tag (DT)

method at Threshold

The absolute BF can be obtained by the ratio of DT yields to ST
yields.

‘./p\;‘

ov.

X T/""‘“‘
® @ .
Semi-Lépto/r‘lic mode
/ A—‘- —®

“ e_ ) e— )

6./
@.// \'ST mode
© ®

High efficiency and clean background
Absolute measurement with many systematics NDT
cancel out B; = ‘éT
Missing-mass technique: K /neutron, neutrino, ... Nj Eij
Good photon resolution: £, =, @9, ...
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BESTI Near threshold production at
BESIII

In 2014, BESIII took (only!) 35 days to run at 4.6GeV
and collected ~500/pb data.

Energy(GeV) Ium(1/pb) % 0.6 - PRL101, 172001 (2008)
4,575 47 67 ﬁ |
4.580 8.54 o | bt
4590 | 816 A Wﬁﬂﬂﬂ_+_*_+_f_+_+_+_+_f+_+_+f
4600 56693 45 4.6 47 48 ;/i?AI ;f;) 51 52 ézwcs;4

Corresponds to 0.1M A pairs

Measurement using the threshold pair-productions via e*e” annihilations is
unique: the most simple and straightforward

First time to systematically study charmed baryon at threshold!
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BGS]]I Physics publications based on Phase I data

. Hadronic decay 2014 : 0.567 fb™! at 4.6 GeV
Published 17 papers Af 5> pK-mt+11CFmodes  PRL116,052001 (2016)
A —>pK*K, prtm PRL 117, 232002 (2016)
* A series of precise absolute BF AF >nKsm PRL 118, 12001 (2017)
measurements: hadronic, semi- AF —pn, pr PRD 95, 111102(R) (2017)
leptonic and inclusive decays AF— Z ol PLB 772, 388 (2017)
* Observation of decays into neutron A - B0k PLB 783, 200 (2018)
A s nKnt, 2 ntntrd AF > Agt PRD 99, 032010 (2019)
* Threshold cross section and form Af - Ztg, CPC 43, 083002 (2019)
factors of A} pairs A} - BP decay asymmetries PRD 100, 072004 (2019)
* Observation of Cabbibo-suppressed A S pK.n PLB 817, 136327 (2021)
decay At - pT T A} spin determination PRD 103, L091101(2021)
* First evidence of Cabbibo- Semi-leptonic decay
suppressed decay Af — pn AF > Aetv, PRL 115, 221805(2015)
* First measurements of many decay A —Ap, PLB 767,42 (2017)
asymmetrles Inclusive decay
» Determination of AZ spin AF—AX PRLI21, 062003 (2018)
Af—>etX PRL 121 251801(2018)
Very productive for the AKX FIICE0.935 (2020
. Production
data set taken in 35 days! ) ,
A} A7 cross section PRL 120,132001(2018)
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Absolute BFs of Ac" hadronic decays

« Absolute BF of Ac¢" decays are still not well determined since its discovery 30 years ago.
PDG2014: 6B/B~26%; BELLE2014: 6B/B~5.3%
» Double tag technique is applied to control systematics

wp wg ) g PRL 116, 052001 (2016)
A f*mg e Mode  Thiswork (%)  PDG (%) BELLEB
Eloé AT I* ATTT )h g TntR le m_ _ljZi_Q.OB_iO_Qj _LlﬁiO&Q - I
= L by HMLM ol by | K_ﬂ 58440274023 50413 _ 684+02475% 7
B s S N pKIr®  18740.1340.05 1.65+0.50
: L - J}“ pKSTn™  153+£0.1140.09 1304035
15 b pK-rtn" 45340234030 34410
P Jﬂ Lm ﬁ | Art 12440074003 1.07+0.28
325 2lzs ufs 536 228 23 226 f.szszs AW+7T0 70140374019 36+13
Mac (GeVIeD _ Mt rT 38140244018 26407
* a global least square fit to 12 hadronic g0+ 19740084003 105028
modes [Chin. Phys. C37(2013)106201] L 1.184+0.10£0.03 1.00£0.34

L'r'r” 425420244020 36410

/ . .
First direct measurement on Ac Tty 15640202007 27410

BF's at threshold
v' B(pK~mt): BESIII precision
comparable with Belle’s

. So far, the mostly cited
v" Improved precisions of the other
11 modes significantly BESIIl charm paper

= RE AEImsERE 15



BF for A > Ae'v,

@ A\l — Netwgis ac — s/ty, dominated process.

/ p
@ Urgently needed for LQCD calculations. o V. T —_
| X AE

@ No direct absolute measurement for B(A} — Ae*v,) available. A (%

\

\
BN — ANetr,) =(21+0.6)%  PDG 2014 Seml-Lkp_tf;llc mode
AC,.} ________}'e_‘,

11 hadronic single tag modes are used

%30 PRL 115, 221805 (2015)

S

S 20

<

4

» 10}

=

S Il |

= 0.2 201 0 0.1 0.2 B(AZ —> A€+V€) =(3.63+0.38+0.20)%

Umiss (GeV)

> First absolute measurement of the semi-leptonic decay
» Statistics limited
» Best precision to date: twofold improvement
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First Lattice calculation on charmed
baryon SL decays -

PHYSICAL REVIEW LETTERS 24 FEBRUARY 2017

PRL 118, 082001 (2017)

A, — Al'v; Form Factors and Decay Rates from Lattice QCD with Physical Quark Masses

Stefan Meinel
Department of Physics, University of Arizona, Tucson, Arizona 85721, USA and RIKEN BNL Research Center,
Brookhaven National Laboratory, Upton, New York 11973, USA
(Received 1 December 2016; published 21 February 2017)

O Input the measured BFs from BESII| Tiiggered by BESIII

0.0363(38)(20), £ =e,
0.0349(46)(27), ¢ = p.

O The first LQCD calculations on BFs and form factors

B(A, = Aty,) = {

0.0380(19) ocp(11),, . £=e,

B(A, = A*v) =
( ve) {0.0369(19)LQ(.D(11)I_\_. £=n.

0.20 T T T T T T 0 - .
- Lacp | ¥ The first determination of |V | based on
Z 015 1 BFs of A" Al*v;measured by BESIII
:’ a( —_— N = ety 4 ,
2 o0, e 0951(24) gep(14),, (6)s. ¢ =e.
— | 4 )
o ool Vel = { 0947(24) oo (14),, (12)5. € =p.
- |~= 005 ;
== ] 0.949(24) ocp(14),, (49)5. £ =e.p.
Il.“{" 1 L L 1 1 |l
po e '”’{(_ \'__’_‘,"; W12 v More data on A_* will be collected at BESIII
q V"
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PDG2015 PDG2020

Hadronic modes with a p or n: S = —1 final states

+
AZ DECAY MODES o pkd ( 150+ 0.08)% |, 44% S=1.1
. St My pK-xt (6.28+ 0.32) % S=14
Mode Fraction (I;/T) Confi M3 pK*(892)0 Al (1.96% 0.27) %
++ K— 0,
Hadronic modes with a p: S = —1 final states Ma A(1232) i K (1108 0.25) %
r, pKo® (3.21+ 0.30) % s /\(1520J)rvr [a] (22+05)%
r p K~ m™ nonresonant (35+04)%
I K—nt 6.841 0:32y9 6
|_2 P Rt(agz)f’ (6842 0.40) % r;  pK%x® (1.97+ 0.13)% ,50% s=1.1
3 P 2 ( 2:15::0.30) % rg nkK3rt 182+ 025)% Fij
Iy A(1232) T K~ ( 118+ 0.27) % l'8 Rg ( 1' '4 )o; First
Is A(1520) 7t ] (24 +06)% r9 pK07’+ _ ( L6k 0, )o" a
e p K~ 7t nonresonant (38 +04)% 0 P -Eﬂ_'_ﬂ'o (160 012)% |, 28% s=11
r;  pKon® (45 + 0.6 )% M pK .k, (446% 030)% |,61% S=15
rg pK°np (17 + 04 )% F12 PKK(89J2r) m . fa] (14 +05)%
- o T 4.6 + 08 )%
ro pKontnm— (35 + 04)% F13 2((1232)%'1"("8';?)““ ( y
Mo pK ntn® (46 + 08 )% 14 el seen 3
i pK*(892)~ =+ ] (15 + 05)% Ms pK 2r'm (14 +£09)x10
M2 p(K™ 7 )nonresonant 7° (50 + 0.9 )% e pK nt2r0 (1.0 £ 05)%
M3 A(1232) K*(892) seen i .
Ms pK ntata— (15 + 1.0 )x10~3 Hadronic modes with a p: S = 0 final states
M5 PK:”: 7r°8r° (114 05)% r; pn° < 27 X104 CL=90%
re pK mt3nm Mg pn (1.24% 030)x10-3  First
Hadronic modes with a p: S = 0 final states Mo pw(782)° (9 +£4 )xw074
My prtza~ (47 + 25 )x10~3 My prta~ ( 4.61+ 0.28) x 10~3 First
Mg p1(980) [a] (38 + 25)x1073 M1 pf(980) [a] (35 +23)x103
Mo PW*;WJ'_W_ ( (25 £ 1.6 )x1073 Myp p2nt2n— (23 + 1.4 )x1073
::20 PK¢K [] E 11 + 04 ;x 1°’§ M3 pKTK~ ( 106+ 0.06) x 103 $36%
21 p a) 1124+ 0.23) x 10~ r -3
s ) _a 24 po [a] ( 1.06+ 0.14) x 10 (]
g P K oong (#8125 19 )ixd0 fs  pKtK non-¢ (53 + 1.2 )x10~%
M pond (10 +4 )x1075
26
. Hadronic modes with a hyperon: 5 = —1 final states M7 pK+ K~ 7%nonresonant < 63 x10~5  CL=90%
N ( 146+ 0.13)%
Mg Anta (50 £ 13)% . .
r;: Apt < 6 ; CL—05% Hadronic modes with a hyperon: S = —1 final states
I /tfr“frr*'vr-+ N ( 359+ 0.28) % Mg An™t ( 1.30+ 0.07) % S=11
fzz Z(US8E)TaTa”, 277 (10+05)% Mg Anta® (71 4+ 04)% |, 78% S=11
s X(1385) ntat, £~ o (75 + 14 )x10-3 My  Ap* < 6 % CL=05%
Ar— =t o _
Fao At (L4 08)% 31 An™2rw o _ (3.64+ 0.29) % S=14
3 5(1385)F p0, It — Axt (5 +4 )x1073
M3 An* 7+ 7~ nonresonant < 11 % CL=90%
M Antata™ n%total (25 +09)% Fas O+ ( 1.29+ 0.07) % LA45% s-11
S [ (24 £05)% Mgs Zta0 (1254 0.10)% ,33%
34 X(1385)t g [a] (116 035)% Mg =+n (44 + 20)x10-3
I35 Antw [a] (16 +06)% +.5 ’ ol
Mg Artata= 70, nonorw < 9 x1073  CL=90% Mgz X710 (15 +£06)% o
r3; AKtK® N (64 +13)x10°3  s-16 Mgg Ztatn™ ( 450+ 0.25)% [ 46% s-13
Mg =(1690)°K+, =*0 — AKO (18 + 06 )x1073 M40 Ftp0 < 17 % CL=95%
Mg XO0rt (1.43+ 0.14) % r s—ont ( 187+ 0.18) %
rgg =+a® ( 137+ 0.30) % 50 0t 0 : :
rg Ity (75 + 25 )x10°3 Mgy Xo7'mw (35+04)%
[P z+w+70r- (49 +05)% Mg, X070 ( 155+ 0.15) %
T3 =t pf < 18 % CL=95% 0, —n + o,
S e (23 045 M55 ZVm 277 (1.11+ 0.30)%
M5 E07tn0 (25 +09)%
Semileptonic modes
F64 M’; ve 6] (28 +04)% Semileptonic modes
65 ey, (29 £05)% r Aet )
+ 72 € Ve (36 +£04)% o
Fee  ApTyy (27 +06)% » 73 Aptu, (35 + 05)% W35%
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Experimental precision reaches of the

charmed hadrons

Golden hadronic mode oB/B

B(Km)=(3.88+0.05)% 1.3%
B(Kmm)=(9.13+0.19)% 2.1%
B(KKpi)=(5.39+0.21)% 3.9%

B(pKm)=(5.0+1.3)%(PDG2014) = 26%
=(6.8+0.36)% (BELLE) = 5.3%
=(5.84+0.35)% (BESIII) | 6.0%
=(6.46+0.24)% (HFLAV)  3.7%

Golden SL mode
B(Kev)=(3.55+0.05)%
B(K%V)=(8.83+0.22)%
B(dev)=(2.49+0.14)%

B(Aev)=(2.1+0.6)%(PDG2014)
~(3.63+0.43)% (BESIII)
=(3.18+0.32)% (HFLAV)

oB/B
1.4%
2.5%
5.6%

29%
12%
10%

* The precisions of Ac decay rates reaches to the level

of charmed mesons!

* However, search for more unknown modes, especially

Cabbibo-suppressed mode, are important

AEImsERE
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5L More A} data at BESIII

1800
1600
1400
1200

1000

800 567/pb [2014]

4.6 4.612 4.626 4.64 4.66 4.68

3847/pb [2019.12-2020.06]

600

400
‘.b

(0]

4.

1847/pb [2020.11-2021.02]

7

in total, 6.4 fb! data above Af

threshold (~8x times more A{
statistics)

Siks CINEZPIIE N

by Giuilo

IlTIlTI l‘IITllTIIl[llTlllIII[lllllllll

L:I I L1 1 111 I 111 | -
458 4.6 4.62 4.64 4.66

1 J 1 1 1 1 1 1 I 1 1 1 | L
4.68 4. 472 474 4.7
%
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Semi-leptonic decay

v Form factors of Af —Ae*v, and Aty

v A > pKTetv,

Based on Phase 11 data

PRL129, 231803 (2022); PRDI10S, L031105 (2023)
PRDI106, 112010 (2022)

v’ Search for A} - Antn~etv, and pK,;r"etv, PLB843, 137993 (2023)

v A > nety,

Nature Commun. 16, 681 (2025)

Neutron-involved decay

v Af - nmt PRL 128, 142001 (2022)

vV AY s antn’, nntntnT, nK ntnt CPC 47, 023001 (2023) (Cover Story)

v Al > nKK* PRD 109, 072010 (2024)

v Al 53X Ktmt PRD 109, LO71103 (2024)

v At > nKntn® PRD 109, 053005 (2024)

Hadronic CS decays

v AY 5 pn®, pn, pw JHEPII, 137 (2023); PR 05“@&701 (2024); PRDI11, L051101 (2025)
v AY S oy VD5, 072002 (2022)

v AF > AKT AKYrO AK ™t PRDI06, L11 2); PRDI109, 032003 (2024); PRDI111, 012014 (2025)
v AF 5 K, XK (0, mtn ), SYK e P ) 052003 (2022); JHEP0Y, 125 (2023);arXiv:2502.11047
v Hadronic CF decays ap(’«

v' PWA of A - An*n® and Anty 35 p JHEP 12, 033(2022); PRL134, 021901 (2025)

v' W-exchange-only process £°K%/ PRL132, 031801 (2024)

v Af > EOK 0 PRDI109, 052001 (2024)

v At > pK;, pK,n® pK,ntn JHEP09, 007 (2024)

Inclusive decay

v Improved BF of A7 —e*X PRDI107, 052005 (2023)

v' First BF of A; —»nX PRDI108, L031101 (2023)

v' First BF of A; —»K2X arXiv:2502.20821

Rare decay

vV oAY syt PRDI107, 052002 (2023)

Production and excited A}
v’ A} A7 lineshape and form factor PRLI107, 052002 (2023)
v A (2595)* and A, (2625)* PRDI109, L071104 (2024); PRDI109, 112007 (2024), arXiv:2503.21413
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BESIL Cross sections of ete™ — ATAZ

PRL131, 191901 (2023)

ete” —:A*A; 15 ; ete” *A:[\;
4 BESIII 2023 B 4-BESII 2023 — Combined fit

<-BESIII 2018 <-BESIII 2018 ---Monopole decrease

400 - SBelle 0 | — Lo/ BN, Threshold  ---Damped oscillation

r (GeV)  s(GeV)

o (pb)

« Negate the Y(4630) in decaying into A¥ A7 reported by BELLE
* Energy-dependence of |G /G, | reveals an oscillation feature,

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

= RE SAEImsERE 29



B’ES]]I Determination of absolute form factors
of A7 — Aetv,

W // / // / 300f - deta
— 114y / > — total fit
T]S_’ / (B wne AL Ay"vu
s 4 IR 200 Al Ar'0 3 2 -1 0 1 2 3 4 5 6
% 112 C . ; e % -=« other bkgs NRQI\l/I Phys. llkev.D40‘(1989)295|5 L . I-- | . I
E“* """" § 100k CQM  Z Phys. C 52 (1991) 149 .
1.1¢ /M NRQM Phys. Rev. D 45 (1992) 3266 .
/ 4 / 7 / / L QCDSR Phys. Lett. B 431 (1998) 173 —_———
02 -0. 1 0.1 02 _0_1 0 01 02 QCDSR Phys. Rev. D 60 (1999) 034009 —
U, (GeV) U_.. (GeV) CQM  Phys. Rev. C 72 (2005) 035201 .
LCSR Phys. Rev. D 80 (2009) 074011 —e—i
POLE Phys. Rev. D 86 (2012) 014017 .
B(Af - Aetv,) = (3.56 £ 0.11 + 0.07)% CCQM  Phys. Rev. D 93 (2016) 034008 .
. RQM  Eur. Phys. J. C 76 (2016) 628 .
3peoDATA: A Ay, ] . NRQM Phys. Rev. D 95 (2017) 053005 o
_ LQCD: Al Actv, o g e
T ol 7 & - LQCD Phys. Rev. Lett. 118 (2017) 082001 e
o N e LFQM  Chin. Phys. C 42 (2018) 093101 ®
|t o LECQM Phys. Rev. D 101 (2020) 094017 ——
0 05 1 %% 0'5 1 LFQM Phys. Rev. D 104 (2021) 013005 ——t
¢ (GeV?/ct) ¢ (GeVlc?) HBM  Phys. Rev. D 107 (2023) 033008 ——
1.5} ! QCDSR Phys. Rev. D 108 (2023) 074017 —
o ol o~ osf P
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First direct comparisons on the differential decay BA; — Ae'v,) (%)

rates and form factors with LQCD calculations
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PRD 108, 1031105 (2023)
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BESIT Qpservation of AT > pK~etv

PRD106, 112010 (2022)

| o= A(1520)e’v, — data
20|~ ¢ data 10 B A= A .
— total fit 8.2¢ — Ai A1405)e’, — total it 8o
. * RS e Ag—> pK ety
Ai— pKetv, ~ NR
% 151 B o % A= pKmtn?
E A= PRAT, g o other bkgs
S Al— pK'n*n® — === Ai— pKrtv,
% 10 |~ --- other bkgs g 5+ e
Z 2
4 =
-
2 >
84
02 01 0.0 01 02 14 15 16 17 18
U__(GeV) M - (GeVic?)

PLB 843, 137993 (2023
B(AY - pK~e*v,) = (884 1.1+ 0.7) x 10~* clzy

B(AY - A(1520)e*v,) = (10.2+52+1.1) x 107*

05 B<39x10* @ 90%C.L. - B<3.3x10* @ 90%C.L.

L/L ax

 Second leptonic decay of Af is observed!

* Good channel to study A excited states, such as _ 11 :
A(1405) and A(1520) % 0001 0002 G003 0 00005 0001 00015 0002

B(A!—An*etv,) B(Al—pK (me*v,)
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SOOI Cabibbo-suppressed SL decays

* There 1s still room of 0.5% for un-seen SL et
decay of the A} ve
* The Cabibbo-Suppressed SL decays have not wt

been studied in experiment c— > d
. . . +
« Af — ne*v, is the most promising channel for Agy g upm
. . d > d
the experimental observation
600~ PRD107, 052005 (2023) 03 02 01 0 01 02 03 04 05 06
) .\'R{J_\I1 Phy . Rev.D mlq |-mu+:-r_<r5 ] . 1
% ROM Phys. Rev. I 56 (1997) 348
O 400+ HOET Phys. Rev. © 72 (2005) 035201 .
3 COM Phys, Bev, 190 (2004) 114033
-o“:’ ROM Fur. Phys. J. C 76 (2016) 628 ]
‘E SU3) Phys, Rev, D93 (2016) 056008 ——
5 200~ OCDSR  J, Phys, G 44 (2017) 075006 -
S1(3) JUEP 11 (2007) 147 ——
LFQM  Chin Phys. C 42 (201%) 093101 -
1 I 1 ] | I ) | SU(3) Phys. Lell. B T92 (2019) 214 ——
0 01 02 03 04 05 06 07 08 09 1 MOM Phys, Rev, I, 1001 (2020) 094017 .
p (GeVlic) LFCOM  Phys, Rev. I 103 (2021) 054018 ' -
SU3) Phys. Leil. B 823 (2021) 136765 bt
‘%(A: N Xe+v€) = (4°06 * 0-1OStat x O-OQSySt)%- HBM Phys, Rev. I 107 (2023) 033005 ——
+ + QCDSRKR Phiys, Rev. D 108 (2023) 074017 ——
B(AC - Ae Ve) = (3.56 i 0.11 i 0.07)% LMD Phys, Rev. IV 97 (2018) 034511 —.—
B(AY - pK~e*v,) = (88+ 1.1+ 0.7) x 10™* —
B(At - A(1520)e*v,) = (10.2+ 5.2+ 1.1) x 107* 03 02 0d 001 02 03 04 05 06

B(A,— nev ) (%)
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sCSI

* Important process of semi-leptonic A decay to Q.. 9 4
probe strong dynamics in charmed baryon .

* Challenges: ) // I

v' neutrino is missing in detection

v dominant backgrounds from A} - A(- nr%)etv, 0\ /Q
with ~10x yields than that of the pursuing signals Q. /o—\)\o
v’ elusive neutron detection due to neutral charge and semiieponicmoze u —Q
contaminations from the photon showers (& noises) - / ,
in electro-magnetic calorimeter (EMC) \) e \)

Need advanced Machine Learning tool to identify neutron showers in EMC

single n single A

A0

ST T T T o E o
25 2 15 1 05 0 05 1 1.5 2 2§ 25 2 15 1 O D 05 1 5 2 25
A0 AB

Siks CINEZPIIE N 357



5COll - 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 CNNs.

* 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

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.
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BESII Analysis strategy

 Threshold Af production: clean environment Nature Comm. 16, 681 (2025)
and AL tagging

1 T
. . o .
* Train GNN with ParticleNet using control data
—_ —_— 0.8 -
+ +
from J /¢ - pnr™, pAK™ and c.c. modes based
=
on 10B J /i decays 206
.‘§
-
20.4
2 J /4 data £
: ) 1 training :5 WE data 0.2 1 n/A Classif. (AUC=0.909) |
20 A Me sample 5 14 R -
8 [l aryospem s 12 O - it/ A Classif. (AUC=0.937)
$ wwws . ol
& o o 0 0.2 04 0.6 0.8 1
£ h R False Positive Rate
E 1‘-‘-‘1_‘* - cl]: 01 02 03 D,4V 05 06 07 08 09 1
c(r 0.1 OIZ 0‘3 D‘A 0.5 06 0.7 08 6';"_‘" Score(®)
Score(fi) ’
I e J/ data x o 120 | Data: A%,
i evaluation evaluation B g omsctontr®t | [ I MC: A, Tiev
| sample sample = 14 OOF A 100 [ MC: A TeT
: 1;;*7 — H+++++++’+#++ﬁﬁ+i *‘Hﬁr g 80 H [ | mC: other A, decays
08F 4+ +?:—;:j:+‘++', ++|++++++++-++ +7 = F
oefl Y o £ L
8 1 Weight factor paF- @ SUTﬂ
g | 02 woor
g I C( 0.1 052 0‘3 D{4 D:5 06 0‘7 0‘8 0{9 1 a2 N
Score(f) B |
1 + + 20 i
Af MC A data EHiii; . + 4 il
e, | predicted predicted - e s - R A i - .
' “Sooret ' \ sample Mok sample 7 o AR PRCE D.4scgim}3.6 07 08 08 1
\
~ b4

-
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BESII Method validation

e Control channels of J /Y —» Xt (nr )X~ (pr?) and 1‘112“;‘;1 ((3;’5‘;5‘;
J/W = E¥(Ar*)E~(An~) based on 10B ] /1 decays ’

27 _x10° 22 x103
20 F t Data: J/y - prtn 2l 0 [ t  Data: J/y - E¥(naH)E-(pr®)
18 F {  Data: J/¢ - pK*A 18 | t  Weight factors for n }  Data: J/y - E-(An)E+(An)
16 [ ] MC: /¢ - pr*n 6 t  Weight factors for A e [ ] MC: Jjy - E*(an*)E-(pr)
St [ ] MC: J/y - pK*A . L4 b a [ ] MC:J/¢ - E-(An)E*(Ar*)
St 51.2;- o I"; } S
210t [ T S — o ..ﬂtﬂ“*”ﬂjﬂ, 'ﬁ‘H' 'y . g
@ o o < i .:’i* ‘* )
LRy go.s+H: 2 20
6 F '. . 0.6 :
4 F l.. L 04 :’ 10
2 ; . 02
(| i Ll o e 0 ! ! | | | 1 1 1 1 0L e e e A o e L )
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 0.3 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 i ° 2 F t  Data: J/y — E-(ax")Z*(pn®)
18 o + Data: J/l/l b pK—A 18 F + Welght factors for 7 ® 50 + Data: J/'ﬁ -5 §+(M+)E-(M-)
16 [ ] MC: g1y > pri L6 f Weight factors for A a0 L [ ] MC: 71y - E-(an)=+(pn®)
Suf [ MC: j/y - pk-A L4 P +* § [] MC: Jjy - E*Ant)E-(An)
V1.2 ¢ =
5 t, - ” ”: +’:m“g$$f*;i%]1;;+#+ 7
So08 [+ + HELT ARG 2.
0.6
04 10
0.2 f
0 ot o 1) P AN EAPIPN EPUPPI WA IS WP IS B P 0 yo 8%
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 7/A classification GNN output for 7i/A classification GNN output for 7i/A classification
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BESII Observation of AT —» ne™*v

180 [y (>10 0_) e Nature Comm.
: ¢ Data i ¢ Data ]
120 - 1
z o | o s 1 16,681 (2025)
~100 ¢ T A > Aetv, ~1008 L A > Aev, ]
§ 80 [ B Other A} decays 2 80 [ B Other 1_\; decays ]
‘E 60 % 60
: 2
R 40 = 40
20 20
L } $ $id 4
0 | e - f L i
3f ] 3t ]
E 0 _?'*"I'?'}'}"l"i'h&'i'}£}'{"}?H'}}'TI*’;’*'{.'H*'}'£}';'i'{'i'h4'}'5'1'5'{'*'*'*{ E 0 h?H';'#'*';';+'i"l’;'hj'*';*‘l';?u';'i';"'i“{'*'H'{'J"iIH}'#‘;'%'{‘E
3f ] 3f . ]
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 i/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 /Y

S 3tmat)T @) and [/ - E-(A)E (Art)
B(AS — netv,) = (0.357 + 0.034ga¢. & 0.0144y4;. )%
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BESIL  Results of BF for A7 - netv

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 04 0.5 0.6 Nature Comm.
NRQl\L[ Phy.;. Rev. D 40I (1989) 295|5 | l I T 1 6, 681 (20 2 5)
RQM Phys. Rev. D 56 (1997) 348 .

HQET Phys. Rev. C 72 (2005) 035201 .

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

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

SU@3) Phys. Rev. D 93 (2016) 056008 ——

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

SU@3) JHEP 11 (2017) 147 ——

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

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

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

SuU@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 —e—i

BESIIll exp. ——

P TS S R R P T S S ISR S S S T S

L M RS SR
03 02 -01 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 ['(Af - ne*v) = |V.4]%(0.405 + 0.016 + 0.020) ps~1,
[Veal = 0.208 £ 0.01144, £ 0.005,gcp £ 0'001TAC

first determination of |V 4| in charmed baryon decays
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Current status of the SL decays

AL Mode BF(x107%) Experiment AL Mode BF(x107%) Experiment
23.745.1(37%)"  ARGUS(1991)[32] | AT = pK et ve 0.88+0.18(20%)  BESIII(2022)[37]
26.845.1(19%)f CLEO(1994)[33 AF — A(1405)et ve,

AF S Aetre (19%) (1994)[33] (1405)e™we, ) 4or0.19(45%)  BESIII(2022)[37]

36.3+4.3(12%)
35.64+1.3(3.6%)

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

A(1405) = pK —

AY = Apty,

34.9+5.3(15%)
34.841.7(4.9%)

BESIII(2023)[42]

39.5+3.5(8.9%)

)

)
BESIII(2017)[40]

)

)

BESIII(2018)[43]

AF — A(1520)et v,
A —}ng'}r_eJrve
AY s Antr—etu,

Ai —net e

1.0£0.5(50%)
<0.33
<0.39
3.57+0.37 (10%)

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

Af —etX
40.6+1.3(3.2%)  BESIII(2023)[45]
E. Mode BF(x10—3) Experiment =. Mode BF(x1073) Experiment
13.7+£7.7(56%)"  ARGUS(1993)[34] | 2% =" utwy, 10.1+£2.1(21%)1 Belle(2021)[46]
20 =gty 44.3715-2(40%)1 CLEO(1995)[35] | Ef — =0etw, 67+ 39(58%)1 CLEO(1995)[35]
N 19.745.3(27%)"  ALICE(2021)[47]
10.442.1(20%)1 Belle(2021)[46]
Q2 Mode Ratio Experiment Q92 Mode Ratio Experiment
2.4+1.1(47%) CLEO(2002)[36] | Q2 = Q utu, 1.94+0.21(11%)  Belle(2022)[48]

20 > Q et

1.9840.15(7.7%)

Belle(2022)[48]
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A_." hadronic decay

from HY Cheng
Singly Cabibbo-suppressed modes: A;*— pxa?, pn
c_ . . [ d
d ] ﬂ:of‘rl s :|.rr| d/ ] J'l:oh'l
u u
u u u u c d
C1 C1 Cz
C d ] 0,' d u ]-“OI u ]
d 7' u M u_ |-n®m
d <": C <dz
d u C . d *-
P } % P
u u u u d N u
E1 EZ E3

7’ =(dd —uiw)/\2, n=(dd +uit -s5)//3 for n-z mixing angle =19.5°

A(Ac*— pn®) = (C+ C; + Eq- Ep- E3)N2
A(A*— pn) = (2C1+ Cy + Eqt+ Ex+ Eg)f\’3

It is most likely that
T(Ac*— pn) >> T(Ac*— pg0)

Events / (2.5MeV/c?)

PRD95, 111102(R) (2017)

—— data ; ‘m < 27.9@ 90% C.L
--- signal curve g“' 1
100 ... background curve § osp
— fotal curve o4k \
80 data in AE sideband su.z- "\
g ﬂI.I =0 40 B0 81 100
NI
20F
D_....l....|....|....--'.-~J....
2.25 2.26 2.27 2.28 2.29 2.3
2
Mg (GeV/c?)

BESIII: BF<2.7 X104

M(A} = nat) = V2M (A — 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 is predicted that BF[A} — nn*]~3.5XBF[Af — pn?]

[arX1v:1801.08625]
o s SRS AR
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BESIT Some results on SCS hadronic decays

160

MeV/c?)

120
;i 100
80
60
40
20

Events / (2.60

Events/(3.0 MeV/c?)

PRD106, 111101 (2022)
AY > AKT) 3

Signal

=+ = Background

|

w

=

=
I

N
N
ol

L |
2.35

Mg (GeV/c?)

JHEP11, 137 (2023)

—— fit result
signal

- - - background

PR T U T S AT T M
2.26 2.28 23 232

P
2.34

My (GeV/c?)

At - XK and 20Kt

PRD106, 052003 (2022)

40
- Vs =4.600 ~ 4.699 GeV - [s = 4.600 ~ 4.699 GeV
% 2 AI—Z'K < Al-3'K*
% 10° | = 307
= 1 Ztrstm urement =
S £ ﬁ# ) 20
~ ~
S 10 F ,2
g {} g 10
2 ,} 2 {
= H. FH'
1 o B LR G e ‘1‘1|H.1||H|” %_
2.26 2 28 2.32 2.34 2.26 2.28 2.32 2.34
BC (GEV/ c?) (GeV/ c?)
PRD106, 072002 (2022)
o +Da a
- 10 A-CI- - pn, (a) - gl ---Siglnal (b)
= T asanAgiI L I ---Background
% 8 r AR, background % L Afxfbackgmund
E L qq background E 6= qq background 1
& F ] f ;
g 4 g4
€ 2k 2 ,f
r C )
0 L . .~.~0 0 El I :
M &, GeVied) M., (GeVic?)
A - nmtm® At > nK ntmt
F©
L1s0 o o 20F > 100
= s S 150
S 100f S st
_; : 3 7 100~
2 sof g 2 Wb
- n
glg U & 5“ DL
CL_?).B 0.9 1 1.1 1.2 1.3 = 6.85 0.9 0.95 1 1.05

Many CS modes are being explored.
A EMSEAE
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BESII Singly Cabibbo-suppressed decays
of A{ - pr® and nmt

First evidence of A} — pr® Observation of Af » nmg*™
DT PRD109, L091101 (2024) DT PRL128, 142001 (2022) =
Tl v, sorkt 1
S | Devgroung ronte S soffe * 'm #M nkround
= | -~ AYA. background = j il 1
< s g of qmte L
: - i} 3.70 g o

2
e ahsA IEFEE e ANTLITRRIUANY AL .
b2 225 23 235 24 L1 12 13
My (GeV/c?) M, (GeV/c?)

BF = (1567972 + 0.20) x 10~* BF = (6.6 + 1.2+ 0.4) x 107*
A'é'—)p.n-O; | soni—_""""""_':'Ei?la"""z
* conflicts with BELLE (BF <8.0 400 | NApe

-5 S - L -=+ AZA, non-signal 7]

X 10 ) g 300K -----Hadron BKG = ]

* need better precision to discriminate s | Al - pn® :

different theoretical calculations £ 2000 ST E

. > N ]

Experimental challenge “ 100} 2.60 .
* neither ST nor DT can achieve ST U U SO S .
2.26 2.28 2.3 2.32 2.34

sufficient signal sensitivity! M. HOeNi
S AR TS ve/(GeVIC) 2p



SCOI Branching fraction comparisons

Model

— C_onst_itucmt (Eark_mﬁiel_[ﬂ_
Heavy quark effective theory [8]
Dynamic calculation [9, 10]
Topological diagram [11]
Topological diagram [12]

_SU(3) flavor symmetry [13] _

! SU(3) flavor symmetry [14]
I SU(%) ﬂdvorsymmetry ]5]
16]
17]
SU(3) flavor symmetry [18]

SU(3) flavor symmetry

[13
[
SU(3) flavor symmetry [
[

B pr)x 10 BAL 2 px 10 _BAL 2npd) X 10
o R e ——— e
1.1-3.6 - 1.0-2.1
(0.75, 1.3) 12.8 2.66
0858 114+£35 7.7£20
03119, 04*1) (14223, 147+28) (7.6x1.7, 83+2.6)
Y T T
57£1.5 - 11.3+2.9
T Ta3x07 T 130x10 0 6lx20
13EL 11.2+2.8 76+ 1.1
2.1+1.0 14.1 £ 1.1 6.5+23

BESIII experiment

=379

0.74
y LsFantiag) )

12.4 £3.0 [19]

15.8 + 1.2 [20] 6.6 + 1.3 [22]

Belle experiment

I <08[21] , 142+ 12 [21] -

15

10~

B (Aj—nmh) (x10%)
==

] ! |
A
+ T
- ¥ 4 BESIII Belle's Limit
+ SU@)I A SUB)TI

SU(3) III m SU3)O(T5)
L + SU(3) broken ¢ SU(3) respected
| + CQM(A) CQM (B)

¢ 4 PMCA TDA

[ I R R
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= RE SAEImsERE

B (Ac— pn”) (x107)




BESIT ML-boosted observation of Af - pr®

PRD111, L051101 (2025)

Model architecture — Transformer

* Foundation of Large Language Models like GPT
* Core concept: self-attention mechanism

e Particle Transformer: arXiv:2202.03772

L blocks Class token
A
Ve
=11
= Particle Particle Particle At(t:;:fison Agla:.s A %
J t f d 1 Particles —»{ Attention Attention f - -« ---- Attention i BT“ t)n g z
A transformer mode £ x° | Block | x' | Block x| Block bt i 3
= A A N
Yo

tailored for particle physics (3] |

Interactions =»p3 p—m--doooo— e eeeenn

*
.
*
3
| Embedding '
—_
&
-
®
=
=
e
(]
=
=
Y
=
<Y
=]
=
3
(o]
=

v" Inject physics-inspired

x Xl
pairwise features as “bias” ] ? ;
f A Be—
. P-MHA :
to the self-attention block ST
“--- SoftMax Y
. U >

A= \/(ya —yp)? + (P — )2,

ker = min(pr,q, prp)A,
z = min(pr.a, prp)/Pra + Pr.g)’ ) ) G
m? = (Eq + Ep)? — |lpa + ppl| " e

X
-1 5 L
X Xclass X

(b) Particle Attention Block (c) Class Attention Block
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https://arxiv.org/abs/2202.03772

Events / (2.5 MeV/c?)

Events / (2.5 MeV/c?)
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=
=
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=
=
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—+ ll)ata

Ao :

I Other ATA, decays
Hadron BKG

— prt¥ -
H, E

B Al-pn ]
I Other ATA: decays ]

+Hudmn BKG

Ae = PN

Ly v 1]

230 2.32 2.34

My (GeVicd)

2.28

DNN training

Events / (2.5 MeV/c?)

Events / (2.5 MeV/c?)
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80F
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20F

PRD111, L051101 (2025)

(@)

[ %*/nbins = 45.2/31

5.40
v pum

— Fit: total

Rt Alopn!
----- Fit: other A7A,
Fit: hadron BKG

+ i

c

OO 2 e YO I

i

£ x/nbins = 32.9/24 E
E — Fit: total E
E (‘b) Rt Alopn

Bl Fit: other AR, 3
= Fit: hadron BKG =
3 ¢~ P
F 1\(7 3
b i .

L B e I B e B m s
—+ Data

2.28

230 2.32

M. (GeVic?)

* 20 times of background suppression with 50% of signal efficiency
« validation samples of A} - pK¢m® and pKn
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BESII SCS decays of A} — pr®

PRDI111, LO51101 (2025)
= 0.120 £ 0.026 + 0.007

B(A{-pn®)
B(Af-pn)
* The branching fraction 1s obtained to be
B(AY - pr®) = (1.79£0.39£0.11 + 0.08) x 10~%,
by adopting the average value of B(Af — 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
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Current status of hadronic decays

Table 2. Measurements of the BFs for the CF decays of the A (in units of %).

Table 3. The determined BFs for the C8 decays of the Al (in units of 107"). Upper limits are set at 90%
confidence level.

Mode BF Experiment Mode BF Experiment
MNucleon-involved
A st 066 =013 BESIII(2022)[126] | AL —nk*a" <0.71  BESII2024)[107]
<027 BESII(2017)[117] | A} —nxta® 0.64+0.00 BESII2023)[129]
AF <008 Belle{2021)[108] | A} 5 nKLKT 0307017 BESII(2024)[91)
' [N Raie BESII2024)[118] [ AT s nata—at 0.45+0.05  BESITI{2025)[129]
0185004 BESIT2005)118) [, 3914040 BESII(2016)[127]
At "
1.24£0.30 BESII(Z0I7)117) | 4724028 LHCL{2018)[138]
142012 Belle(2021)[108] | A7 o pRt K- 1084007 LHCH{2018)[138]
A = 1LAT£0.12 BESHI2023)[120] | AY = p(K+ K Jpong 0.5540.14 BESII2016)[127]
1E3£0.33 BESIII(2024)[118] | AT —pKIKY 0.24+0.02  Belle(2023)[146]
LHCB(2024)(121) | AT — pe® <015 Bella(2017)[147]
o , : BESII2022)123] | A} = (pK+HK ")y <006 Belle(2017)[147]
= e 0.47£0.10 Belle(poziiza) [ 0162002 Belle(2016)[137]
A —spp 1525044 LHCb20ze)(1z1) | ¢ P07 0104001 LHCb{2018)[138]
0L.84£0.39 LHCh(2018)(124)
AF oo 0.83£0.11 Balle(2021)[125]
L1021 BESIIL{2023)[120]
(.98 £ 0.31 LHCh{2024)[121]
A s pd 1.06£0.22 BESIIL{2016)[127]
A-invelved
BESIIL{ 2022)[131 2.0 BESII{2024)[107]
A¥ SAKF il [ C Y e = (2024) [107]
Belle(2023)[132) 1494020  BESII|2024)[135]
240+0.50(6=0°)  BESHI2025)134) | AT — AKS=Y 1.7340.20  BESIIj2025)[134]
Ab = AK*T 5214075060 =100°) BESIII(2025)(134] | AS < AK* =2~ 0.41+0.15  BESII{2024)[135]
1.20+0.44(8: = 221°)  BESIII{2025)[134)
E-involved
- 0.4T£0.10 BESIII(2022)[133] | A7 -+ EYK*x~ 2004028 BESII(2025)[150]
‘ 0.36£0.03 Belle(2023)[132] [ A7 SETK T2 <001 BESII2023)[150]
A TR 0.48£0.14 BESIL2030)(333] | 44 caper o <18 BESII2024)[107]
) <050 BESII(2024)[151]
Ad 2 ER e <065  BESII2024)[151]
Af S EKtet 0.38+0.12  BESII(2024)[136]

Mode BF Experiment ‘ Mode BF Experiment
Nucleon-involved
AL s pKl 1.52+0.09  BESIII(2016)[80] A KOt 1.82+0.25  BESIII(2017)[90]
AL o pKY 1.67+0.07 BESIII(2024)[89] ‘ 5 1.86+£0.09  BESIII(2024)[91)
A = pK(T00)° - pK wt 0.19£0.06  LHCb(2023)(86] | Ad 9 nKixTx" 0.85+0.13  BESII(2024)[92]
AL pk(892)° - pK —at 1.38:0.08  LHCb(2023)[86] | A 5>nK-ntat 1.90+0.12  BESIII(2023)[129]
A 5 pK;(1430)° - pK -~ nt 0.92+0.18  LHCb(2023)[86] AL o pKIR0 1.87+0.14  BESIII(2016)[80]
AF 5 A(1232)F K~ s prt K- 178+0.05  LHCb(2023)(86] ° s 2.12+0.11  Belle(11)(2025)[144]
AF 5 A(1600)*TK™ s prt K~ 0.28£0.10 LHCb(2023)[86] | Al = pK}«" 2.02+£0.14  BESIII(2024)[89]
AY +AQQT00) T K- —prt K- 0.24£0.06  LHCb(2023)(86] A s pKO 0.41+£0.09  BESIII(2021)[145]
< 7PN 0.44:£0.03  Belle(2023)[146]
Al 9 pKinta— 1.53£0.14 BESIIL(2016}[80]
A} = pKYntr- 1.69+0.11  BESIII(2024)[89]
A K-t 6.841032 Belle(2014)[81]
5.84+0.35  BESIII(2016)[80]
At o pE-atad 4.53+0.38  BESIII(2016)[80]
4.42:£0.21  Belle(2017)[147]
A-involved
AF SArt 1.24+0.08  BESIII(2016)[80] | A} — Axtx® 7.01+0.42  BESIII(2016)[80]
1.31£0.09 BESIII(2023)[126] 1.84+0.26  BESIII(2019)[94]
AL = Ap(T70)* 4.06+0.52  BESIII(2022)(93] | Al = Anty 1.84+0.13 Belle(2021)(95]
A —» Aap(980)" 1.2340.21  BESIII(2025)[94] 1.94+0.13  BESIII(2025)[148]
AL > A(1405)7t 5 pK ot 0.48+0.19  LHCb(2023)[86] | A} —Axta—at 3.81+0.30  BESIII(2016)[80]
AL > A(1520)7t 5 pK—at 0.12:£002  LHCb(2023)[86] | \4 oyt 0.30:£0.03  BESIII(2025)[134)
A - A(1600)7+ - pK ot 0.32£0.12  LHCb(2023)(86] ‘ g 0.31£0.05  BESIII(2025)[108]
Al = A(1670)t - pK At 0.07+0.02  LHCb(2023)(86]
AF o A0 > Age 0.27+0.06  Belle(2021)[95]
0.27£0.06 BESIII(2025)[148]
Al = A(1690)7 - pK ~at 0.07+0.02  LHCb(2023)(86]
Al = A(2000)xF 5 pK ot 0.60+0.07  LHCb(2023)[86]
Y-involved
Al 5 E+a0 1.18+0.10  BESIII{2016)[80] Ab s Ttmbae 4.25+0.31  BESIII(2016)[30]
0.41£0.20  BESIII(2018)[96] 4.57+£0.28  Belle(2018)[149]
Af5Ety 0.31+0.05  Belle(2023)[08] | A 5> xtalq® 1.57+0.15  Belle(2018)[149)]
0.38+0.06  BESIII(2025)[97] | Al - X0rtn 3.65+0.30 Belle(2018)(149]
1.34+0.56  BESIII(2018)(96] | Al = xxty 0.76+0.08 Belle(2021)(95]
Al suty 0.42+0.09 Belle(2023)[98] A} 5 n-gtat 1.81+0.19  BESIII(2017)[105]
0.57+0.18  BESIII(2025)(97] | A} > EX-atata® 2.11+0.36  BESIII(2017)[105]
Al axte 1.56+0.21  BESIII(2016)[80] | AY - EtKYK- 0.38+0.05  BESIII(2023)[150]
AY o Tte 0414009 BESII(2023)(150) | AZ 5> THKVK, 0204004  BESIII(2023)[150]
AF S Ert 1.27+0.09  BESII(2016)(80] | AL — XOKOK 0.08+£0.03  BESIII(2025)[108]
1.22:40.11 BESIII(2023)[126]
AF - x(1385)tn0 0.59+0.08  BESIII(2022)[93]
0.91£0.20  BESIII(2019)[94]
AF > E(1385)tn 1.214+0.12  Belle(2021)[95]
0.68£0.08 BESIII(2025)[148]
A 5 £(1385)07+ 0.65+0.10  BESIII(2022)[93]
E-involved
Al 5EOKT 0.59+0.09 BESIII(2018)[106] | A} - E0K T70 0.78+£0.17  BESIII(2024)[107]
AF SE(530)0 K+ 0.50+0.10  BESITI(2018)[106] | A} = =Z0Kxt 0.37£0.06  BESIII(2025)[108]
0.60£0.11  BESIII(2024)[107]
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LAC ]3 CPYV search and resonant contributions
in /12-_ — pﬂ-l_ ﬂ_ PRDI110, 052007 (2024) M

arXiv:2502.04013
o T T 3 o 0F T T
& 140 * Data J L E LHCb * Dua
z LHCh fi — Total fit E Z 5E i — Total it E . w1 T T T .
E i(z)z 5407 :,:apdﬁ.fﬂ*#’)_é E 0E e :::‘:(:”J_E K ig LII-lCh ‘ o Data I _% d \ —§- Observed 1
c 80 ..(c;,,;ii:(;d —f 2 15; "--C;mhinulcrial % 40 — Total fit _§ ()_87 —— Expected .
3 E = s E ; 16
g 40 3 E o .f, 0 —; 0.6 M =20
3 . 1 3 CHigdbeoued f _ % o 1 oab LHCb ]
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L %F  LHCH o D 1 % LB LHO + Du E o . iy L3 —— s
B sk sam —twin 37 E sap —Ten 2200 2300 2400 207 1300 #4050
5‘ 20F + : :Zf::iw _ E 0F ’ x :i:(:”' _ m(putu) [MeV/c?] B(A;‘ —putu)
E 5 =+=+ Combinatorial % 8 ; ==+ Combinatorial B B
5 1% 5 * \l B(AF— pptp™) <29 (3.2) x 107° at 90% (95%) CL.
0 00 5 3400 0 2200 3500 3400
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+ —4 0.1 E_ LHCb_l Ai—putus _E
B(A7 — pw) = (9.82 £ 1.23 (stat.) & 0.73 (syst.) = 2.79 (ext.)) x 1077, e E
_ S~ =
B(A} — pp) = (1.52 £ 0.34 (stat.) £ 0.14 (syst.) £ 0.24 (ext.)) x 1072, = N E
B(A} — pn) = (1.67 £ 0.69 (stat.) £ 0.23 (syst.) £ 0.34 (ext.)) x 1073, E
. 0.1 —

- 2 O U TR £ oF E
Region Range [MeV/c¢“] E :g: LHCb H : 5O E
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Decay asymmetry in W-exchange-only
process A7 - EOK*

Previous theoretical calculation on the BF lower
than exp. measurement, which all predicted zero
decay asymmetry

BESIII confirmed the exp. result of BF in 2018
[PLB 783, 200 (2018)]

In theory, BF is enhanced by enhancing the decay
asymmetry close to 1

Oog+ = 2Re(s*p)/(Is|” + |pI*).

6}7 _5.5‘ — aI‘Ctal‘l(ﬂ / 1 _aé0K+ SmAEOK+/aEGK+)

4

d

i

(il

e 51
b -
<H =)
— > =
=5
—— .
FIY
e 7y
— ]
=)
— r = 5 e
> T
SV s e
. w4

Theory or experiment

B(Af —» BK*) (x1073)  amg+  |A| (x1072Gp GeV?)

|B| (x1072Gf GeV?) &, — &, (rad)

Korner (1992), CCQM [7] 2.6 0 . .
Xu (1992), Pole [8] 1.0 0 0 7.94
Zencaykowski (1994), Pole [9] 3.6 0 .
Ivanov (1998), CCQM [10] 3.1 0
Sharma (1999), CA [11] 1.3 0
Geng (2019), SU3) [12] 57409 0.94+006 2.7+0.6 16.1 £2.6
Zou (2020), CA [6] 7.1 0.90 4.48 12.10
Zhong (2022), SU(3)“ [13] 3.8704 0.91+0903 3.2+02 87108
Zhong (2022), SU(3)? [13] 5.0708 0.99 + 0.01 33103 123712
BESIII (2018) [14] 5.90 + 0.86 £ 0.39 o
PDG fit (2022) [2] 55+0.7
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sCOI

~378 signals reconstructed

40

Decay asymmetry in W-exchange-only
process A7 - EOK*

three-level cascade decay AL — ZOKt, B

W
=)
LT T T [T T T T[T T T[T 1717

[
=

Events/(2.0MeV/c?)
=

2 b MRS By

—+ Data@4.60GeV
Fit
BKG

% Misreconstructed

ATLARLAW aw: v e o= S e

2.26 ‘Ammm;mk. - 2.3
My (GeV/c?)

II*II

4> HO

IIII|IIII|IIIII
1

Physical Boundary

0.0, -(BESIII) & BF(PDG)
Korner(1992), CCQM
Xu(1992), Pole
Zencaykowski(l‘)‘M), Pole
Ivanov(1998), CCQM

mC e Vv ia : X o
Sharma(1999), CA

Geng(2019), SU(3)

Zou(2020), CA

Zhong(2022), SUG3)'

Zhong(2022), SUG3)’

| 1 L L | L 1 L |

O 5 A A > prr™

PRL132, 031801(2024)

—+— Data

= Fit
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7-dim. fit
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Events /0.1

Events /0.4

S
q T T
R
By
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N+
R
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Branching Fraction(x10'3)

AEImsERE

A rest frame

= rest frame

Polar angle Azimuth angle

First determination of decay asymmetry dzoy+

= 0.01 £+ 0.16 £+ 0.03, consistent with zero
No theoretical model explains the current results
First determination on phase difference 6, — ds,

with two solutions of /2 and —m /2

AA



SCOI petermination on the phase differences

 Based on the angular fit, the phase angle Azo,+ = (3.84 + 0.90 + 0.17) rad

por =\/1= @z PsinBzis foge = 0,64+ 0.69 + 013
cog+ = —0.77 £ 0.58 + 0.11
Yeok+t = \/1 - (anK+)2 coS Agog+. Y=okt L T

* First determination on phase difference §,, — &5, with two solutions of /2 and —m/2

o = BAL DK _ ) (g 4~y g =~
B TA+ 81 Uoe my ¢
2k|A||B|cos(d,, — 65)
ST AR+ R2(BRE

2k|A|| Blsin(d, — 0s)
[Al]? — k2| B|?

5}? _5.5‘ — aI'Ctan(‘ / 1 _aéOK+ SmAEOK+/aEGK+)

Ist sol.: (—=1.55 4 0.25 + 0.05) rad
2nd sol.: (1.59 + 0.25 + 0.05) rad

Ao+ = arctan

= RE SAEImsERE AR
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Lo

PRD107, 032003 (2023) _4aN
d cos Oy
-IIIH}E (n) A} p L by .'kll p 3 ]
) %000 A
- - 200
oot
"f:f 08060402 0 02040608 1 1 08-06-04-02 0 02 0.4 0608 1
cosi,. cosh,.

g0 = —0.48 £ 0.02 + 0.02

Science Bulletin 68, 583 (2023)

AT - 100

:'+ | . .i,l r AKT El_r,.g.- -

4t

[0.2]

1 .

NZ=T
g
—
-
]
L

=

=)

0.5 i 05 0.5 i 0% 1
costl, COS#,
(Al — AK') = —0.585 +0.049 £ 0.018,
ocj‘\‘;g (A = Am*) =—0.755 £ 0.005 + 0.003,

no CPV are seenin A} - AK* and X°K*
S s e

Decay asymmetries in two-body A} decays

x 1 + ag+poa,0 cos Oy

) AT = L%y

as+, =—0.99 £ 0.03 £0.05

o

: .msﬂx. 60,
as+,y = —0.46 £ 0.06 £ 0.03.
dN

ox 1 —0\+0_ COSB.oCOSH
dcosfyodcoso A z A

|
|
|
- Crepdll e 7l Chenrall con
i, 2l | [
i, =01 | [
[+ b h | B S P S E—
[ B od
L _ _
-
e W (0 Dl [
_ e
. —
T ==~}

o8 (A} - X°KT) = - 0.54+0.18 + 0.09,

Al

o8 (A7 — 1) = — 0.463 +0.016 + 0.008,

Al
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Simultaneous fit to five decay modes: A9 —

% Decay asymmetries of A} via A} —

RUN1+2 data

PRL133 (2024) 26, 261804

Af (= pKo)n~, Af(— pKoK ™, i Bl S S
Af (5 A9, AE(> ATHK, R L b 2
AL(-» AK )™ 4000 R 1000] :
2000} s00fp4 T T 7
[ [ LHCb,90 b ]
Decay AF S Art AT S AKT s o 'o'.s'('co'se‘)l s o 'o'.s'('co's(;;
8 0.368 £0.019£0.008  0.35+0.12%0.04 1 1
B —0.387+£0.018 £0.010  —0.3240.11 4+ 0.03 8 o masant | AAcane] 3 F T T AR
v 0.502+0.016 £ 0.006 —0.743£0.067 £0.024 3 A B IE T
5 0.480 + 0.016 +0.007 —0.828 +0.049+0.013 21500} simriaord S sp0f " Daacio,
A (rad) 0.633£0.036£0.013  2.70+0.17 £ 0.04 : a0 2 TR
A (rad) —0.678£0.035+0.013  —2.78 +0.13 4 0.03 1000¢ Sl Xt
Ry 0.012+0.017 £0.005  —0.04 £ 0.15 + 0.02 so0f s00fF o
R, —0.48140.019+£0.009  —0.65 + 0.17 + 0.07 A . | 7
-1 -2 2
(9,) lrad]
Decay a a (ar) Aa

AV S ATr~ —1.010 £ 0.011£0.003  0.996 £ 0.011 £ 0.003 —1.003 + 0.008 £0.005  0.007 = 0.008 £ 0.005

A 5 ATK~ —0.933+£0.042+£0.014  0.995+0.036 £0.013 —0.964 + 0.028 +-0.015 —0.032 = 0.029 + 0.006

AT S AxT —0.782£0.009 £0.004  0.787 £ 0.009 + 0.003 —0.785 £ 0.006 & 0.003 —0.003 = 0.008 = 0.002

AF = AK+Y —0.569 +0.059 +0.028  0.464 + 0.058 £0.017 —0.516 +0.041 +0.021  0.102 =+ 0.080 =+ 0.023

Af - pK)  —0.744+0.0124+0.009  0.765 £ 0.012 + 0.007 —0.754 & 0.008 £ 0.006 —0.014 % 0.011 £ 0.008

A= pr 0.717 £0.017 £ 0.009 —0.748 £ 0.016 £0.007  0.733 £0.012 £ 0.006 —0.022 £ 0.016 £ 0.007
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S Probe transverse polarization of the A}

arXiv:2508.11400
* Evidence of transverse polarization using Y,
587 b1 in 2018 x P 7
« Using 6.4 fb-! collected from 4.6-4.95 GeV,

observe transverse polarization in multiple
energy points

 Joint angular analyses of the cascade decays
of A, » pK,, Art, 2% and 2%t and
amplitude analysis of A, - pK 1"

* Enhance P} precision

+ Data@ 4600 MeV c

s Fit
I Signal
Background

L | Mis-reconstructed

Events/(1.25 MeV/e?)

CM frame A rest frame
; P2
at "\91 A \‘ 77777 ~ 7
H \;0 _
Ac‘ rest frame A rest frame
0O e ==
=15 A



sCOll Observation of transverse polarization (2]
+ o B 5>
of the A¢ arXiv:2508.11400

« Simultaneous fits to 23 angles of 5 R I S P e

channels at 13 energy points e ] o g R ) O Rl
 FEstablished a new method to enhance : :

Yy ——1
the precisions of the decay e SR S ;;;"\ Y
- + v+..0 b = e
asymmetries A, = pK;, A", X" n R /“ﬁ : -
d X0t AR il i [, B .
an T e e e e e e
25 x:% -«; ﬂMfﬁ ) .": 200 200 ’“ F—
¢  This work '1’ " ol ”E ( ‘““'I :L‘ l, 100

2.0{ t BESII previous results pli s " Helicity angles
=== Prediction (2021)
1.54 = Prediction (2024)
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sCSI

Improved A} decay asymmetries

Pred. and Exp.

Kérner (1992), CCQM
Xu(1992), Pole

Cheng, Tseng(1992), Pole
Cheng, Tseng(1993), Pole
Zencaykowski (1994), Pole
Zencaykowski (1994), Pole
Alakabha Datta(1995), CA
Ivanov(1998), CCQM
Sharma(1999), CA
Geng(2019), SU(3)
Zou(2020), CA
Zhong(2022), SU(3)“
Zhong(2022), SU(3)"
Liu(2023), Pole
Liu(2023), LP
Geng(2023), SU(3)
Zhong(2024), TDA
Zhong(2024), IRA
Zhong(2024), TDA
Zhong(2024), IRA
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sCSI

A} decay asymmetries

Parameter AT — pK3J AF = AxT A — YO0t AT = Etat

agp) —0.91872-133 4+ 0,031 —0.790 + 0.032 £+ 0.009 —0.502 + 0.080 + 0.009 —0.590 = 0.049 + 0.022
0.082

(App) - 0.637 +£0.444 £ 0.014 2.190+0.730+0.029 1.901 + 0.603 + 0.040
(Bgp) - 0.365102700 £0.010  0.70410 550 £0.015  0.7647 951 +£0.018
(vgp) - 0.63710 508 £ 0.011 —0.50210595 £0.021  —0.262F5 353 + 0.031
8, — 6, 271792 £ 0,02 2.1070%0 1 02 2.2370 0 +0.03
4;,%.? 0. D?Q+g 107 4£0.019 0.0024+0.047 £0.017 0.2067)15% +0.028 —0.086 + 0.081 + 0.085
tandcp - 0.232 4+ 0.242 +£ 0.025 0.393 +0.651 +0.042 —0.007 +0.474 + 0.034
tanA, - —0.475 4+ 0.242 + 0.029 —1.411 + 0.672 + 0.062 —1.297 + 0.478 + 0.068
25
i — Al = An’ A} X0 - Eta!
LTI o '
ot 3 ¥
Ceng{2019), SU3) w 151 Ay
o Fhang(2027), SU{3F [ oo,
& Zhong(2022), SUHF 'L x};\;'.}}h )
+ Fhaong (0241, TIM — 10 \'ﬁ' \'_x\l N\.\ 'l,.."m1|
L ol :}:hunglEBJJd'I-IEL IRA ‘_>_<F- ] "‘\. -:'q,'l:l '\.\'\I 1|.1.1.
Zhang(7024), TDAS - N VN L
e S Es o
. (:'I.Ei(?h;l‘?QS'l. D .
0 2 4 3] ] 2 4 6 8 2 4 6 8

|A| (x10-2GF GeV?)
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Strong phase convention in
barvon decavs

. . 5 5 ScienceBulletin 02.030(2025)
o= 2ReGP) -, 2lmSP) - B - IPE B x sign

b) ﬂ — ) - _ —
o2 4 B + o x sign

[ _2SIPlostor—59) , _ 2SIPIsinGr 5 | | )
TSR T sEepE S, = |S|es, P, = |P|e",

2SP cos(8p — Js) 2SP sin(8p — ds) - ~

— = = — = = — S — 16P

SEBE T S+ PR % = 5eh = P

% = Sin(2{) cos(dp — &), 5 = sin(20)sin(3p — d5). 53 = A sin{e"s, P3 = | A|cos { ei‘”’)

Table 1
Summary of experimental data on the parameters a. $, and ¢ and the phase shift, 6, — ds, in various two-body nonleptonic decays of the A and E hyperons and singly charmed
baryon A .
Experiment Process o or {o) por (B) ¢ or (¢) &p — s Value dp — &5 (rad)
(rad) (rad) of sign Eq. (10) with Eq. (10) with
sign=1 sign=—1
A from  p (1963) [14] A —pm 0.62 +0.07 -0.18+0.24 e -0.26 +0.35° Unknown -0.28 +0.36 2.86 +0.36
A from 7t p (1967) [15] 0645+0.017 -0103+0065 -0.14+0.10 -0.16 +0.10° Unknown -0.16+0.10 298 +0.10
E756 (2003) [18] E —Am -0458+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 +0.012 -0.037 +0.015 -0.041+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+013 -0.19+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
BESIII (2023) [23] =0 . Ax® —0377 +£0.003 Positive 0.005 +0.007 —0.013+0.017  Unknown 3.129 +0.017 -0.012 +0.017
LHCb (2024) [24] A; — Amt -0785+0.007 03780015 0.656+0.027 2.693 +0.017 Unknown 2.693 +0.015 —0.449 +0.015
LHCb (2024) [24] A/ — AK" —-0516+0046 0.33=+008 2.75+0.11 257 +0.19 Unknown 258+0.12 —0.56 +0.12
BESIII (2024) [13] A — E°K* 0.01+0.16 -064+0.70 384+090 -155(1.59)+0.25" +1 -1.55(1.59) £ 025 1.59(-1.55)+0.25
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A} decay asymmetries

Table 4. The determined polarization parameters of various A decay modes.
Beloade i Experiment Mirde cx Experiment
Nucleon-involved AL = A{1600)=+ 0.2£0.5 LHCh{ 2023)[86]
S 0.18+0.45  BESII2019)[153) A% o A(1670)n+ 0.82 £0.08 LHCh{ 2023)[86]
- —0.75+0.10  LHCh{2024)[154] 0.21£0.43  BESII2025)[148]
Al — pK (70017 —0.1 0.7 LHCh{202386] | AD — A{1690)=" 0958 £0.034  LHCh(2023)(86)
AT — Ky (892)" 0.87 +0.0% LHCh{2023)[86] | AT — A(2000)x" —0.5T£0.1% LHCh{ 2023) (6]
Al — pK7{1430)° 0.34+0.14 LHCb{2023)(86) | E-imvolved
Al — A2 TR 0.55+0.04 LHCb(2023)[86] | .+ o g —0.57£0.12  BESI2019)[153]
AT+ AQG0VTT R 0504018 LHCh{2023) |86] i —0.48£0.03 Belle{2023) 98]
AL = AQTON TR 0.22 10,08 LHCh{2023)(86] | AZ = E*y —0.99 £ 0.06 Belle{2023) 98]
A-invelved AT 5 Etyf —0.46 0,07 Belle{2023) (98]
—0.80£0.11  BESII2018)158] | o oo, —-0.73£0.18  BESII2019)[153]
AT =+ Axt —0.755+0.006  Belle(2023)[132] i —0.46 £ 0.02 Belle{2023)[132]
—0.785+0.007  LHCH2024)[154] | AZ - E(1385) ="  —0.017+0.080  BESII{2022)[93]
AF o AKH —0.59 +0.05 Belle{ 2023)[132] | AT — E{1385) 1y —-0.61£0.16  BESITI{2025)[148]
—0.52+0.05  LHCH{2024)[154] | AT - E{1385)%=+ —0.789+0.113  BESIII{2022)93)
Ad — Ap{7TON* —0.763+0.070  BESII{2022)[93] | AT - E"K* —0.54£0.20 Belle{2023)[132]
AF — Aafosm+ —001 010 BESIN2025)[148) | S-invelved
Ad — A{1405)r* 0.58 +10.28 LHCh{20)(86] | AZ 5 E'KF 0.01£0.16  BESII2024)[155]
AT — A(1520)n+ 0.93 +0.09 LHCh{2023)[86]
Blode Ji Experiment Mode ¥ Experiment
AF - Amt 006+ 062 BESIII|2018)[153] A¥ o Amt —0.60H00T  BESIIN2019)[153]
0.378£0.015  LHCb{2024)[154] 0.491 £0.012  LHCB({2024)(154]
Al - E0q* 04875 3% BESII2018)[158] | AT - £+ 0.49+9 20 BESHI{2014)[153]
Af »otg —066T0 5 BESII2019)[153) | A = E+s" —0.481T03%  BESII2019)[153|
Al =R+ —0.64+0.70  BESII2024)[155 | A = ="KY —0.77+0.50  BESHI{2024)[155]
Al AR 0.33 0.08 LHCh{2024)[154] | AS = AKT —0. 7990041 LHCh{2024)[154)
AEImsERE




Hyperon spectroscopy in A7 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 isospin [=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 Overall =
— Particle JF status NK Aw X
Particle J? status NK X« $(1193) 1/2F  xeer
Ve A(lllﬁ) 1/2+ *okokok Y(1385) 3/2F sk sokokk okokok
A A(1380) 1/27 K *k *k Y(1580) 3/2” * * * *
¢ A(1405) 1/2- sokksk  kdkokk skokokok X(1620) 1/2- * * * *
c s A(1520)  3/27  kkkk kkkx wkkok g(}ﬁﬁo) 1/2t R el e o
- A(lﬁOO) 1/2+ o ek srsn (1670) 3/2_ Hokkok soksok ko kakokok
( Uu +dd +7s _ X(1750) 1/2 Kk - . Aok
U A(1670) 1/2 ®kkk  kkkk kkkk S(I7T5) 5/2°  wkkx  kdwk  kakk K
J A(1690)  3/27  kkkk kekkk Kk X(1780) 3/2t * * * *
A(1710) 1/2+ * * * X(1880) 1/2F ok *
A(1800) 1/2- KKK *kk Rk ggg?g; ég: o Hox * **
Hokk * * *3k
ﬁ(lSlO) 1/2: ok o ok (1915) 5/2F sk skk oKk Kk
— (1820) 5/2 dokkk  kskokk ok £(1940) 3/2+ . . .
AN A(1830)  5/27  wxkx kkkk kokkok $(2010) 3/2- " " X
A(1890) 3/2"’ Fokokok kokkok *% 3(2030) T/2F  kxkx ekwk koexx sk
|m A(2000) 1/2- X * * 2(2070) 5/27 + * *
c au+dd+5s | Final state A(2050) 3/2° * * * gg?gg% ‘;’,ﬁ_ : : )
u B mereeton - A(2070) - 3/27 * * * 2(2110) 1/2- * * *
A(2080) 5/27 * * * $(2230) 3/2t  « * .
; . A(2085) T/2F *% *k * X(2250) ok K * *
Weak decay qq creation A(2100) 7/2- Kk Kkkk ok X(2455) *
$(2620) *
A(2110) 5/2% Kok Kok *%
A(2325) 3/2- R
A(2350) 9/27 Kk Fokok *
A(2585) R "
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Cross-channel studies

AT > At AF > Tl A > 2 0t
e At 5> pK n* o At - pKn® « At - An'n?
o« AY > nKmt o« AY > Antr! « A > ntrt
« Af 53X mntnt « A 53 %70 o At S TtaTat
o« AY - X9 * c AY -5 X%t o Ef s pKnt
o« AY >3t mt o A - 3tnm! .
« AT > Anmt e« Ef - pKm®
[ J [ J
o e SRS A S £



Hyperons from charmed baryon decays

) Belle, PRL 130, 151903 (2023) BELLE, PRD108, L031104 (2023)

E‘O} ; :NK’ threshold 3 |
. = -~
2 z > 400
S = g o |
2 °[ A+ o4 : o
E | Al->An"n"n : S |
S ! 8 < 200
o _g b ?HH H 1|f HA i H 7}“ ] 55 % et T s q gl L e
L 2 14 16 18 2 22
" 1M4A,[+Breitllcli;§er [Gew;z]5 e An threshold cusp M,_. (GeVic?)
10’ : enhanced due to A(1670) Many Z* contributions
© Al -
= 6} .o I
g [ : LHCb, PRD108, 012023 (2023) BESIII, PRL134, 021901 (2025)
o 4l ] R A AL I ILALRLL ILRLRLLE IR I
NP > 10 A :
s | ot 3t o | Af > Anmt
S 2| | . - _F S 200 — Aa,(980)"
8 i | g 8 i 8 i — X(1385)'n
! " FIPTTES Lt IR LT 27 Pt 4 " - I o E(]380)+T|
= 2t * {fi J * } i i } E 6 - g 7/\(()]671(1)1)1: erence
g of ﬁ’ﬂw iy E”f*f il “m ***fﬁ{ﬁ“* e g S 100 [0 Total interfi
1.35 1.4 1.45 15 155 2 4f ‘q":) I +
M, Breit-Wigner [GeV/c?] S F 3 i F
Enhancement around 1.43 GeV ; S . F s
K ? 0225 3 35 4 45 , "

m*(pK")[GeV?]

SiEs AT RSB A S BA



BESIL Amplitude analysis of A7 — An*n°

JHEP12, 033 (2022)

* First amplitude analysis of charmed baryon multi-hadronic decays

e Based on

| = Data
[ Background

— Total fit

I — Ap(770)*

- NR,(T*t)A

| — n0¥(1385)*

| 7’E(1670)*

nO=(1750)

5000 esass)?

F— n*S(1670)°

L — m*2(1750)°

1000

Events / (0.033 GeV/c2)

= U

04 06 08 1
M...(GeVic)

-PWA package: https://gitlab.com/jiangyil 5/tf-pwa

g i

> 400 5 4001

s :

| g |

< 200/ < 200

2 | g |

g ]

o

oL -'k o TR e N N e : =
92 124 16 18 2 22 92 14 16 18 2 22
M, - (GeVic?) M, (GeVic?)

Theoretical calculation This work PDG

102 x B(A; — Ap(770)T) 4.81 +0.58 [13] 4.0 [14, 15] 4.06 = 0.52 <6
10° x B(A} — ¥(1385)* @) 2.8 +£0.4 [16] 2.24+0.4 [17] 5.86 £ 0.80 —
103 x B(AF — 2(1385)0ﬂ+) 2.8 +£0.4 [16] 2.24+0.4 [17] 6.47 4+ 0.96 —
QA p(770)+ —0.27 £0.04 [13] —0.32 [14, 15] | —0.763 +0.066 | —
Ot (1385)+ 0 —0.911935 [17] —0.917 £ 0.083 | —
('3(1385)0 7+ —0.91J_r8:‘118 [17] —0.79 £ 0.11 —

Many first measurements of intermediate states!

p2 SAEImsERE
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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

sCOll Partial wave analysis of AT —» An™n

PRL134, 021901 (2025)
* A good channel to investigate different types of hadron
states, especially tetraquark or pentaquark candidates
« Af - Am*n decay provides a good platform to study the internal
structure of ay(980)" whose exact nature remains elusive.
« The Am™ mode, representing a pure I = 1 combination, excludes
influences from A* resonances as compared to the ¥ and pK modes.

 Study of low-lying excited %_ state, eg %(1380) ", can be performed,
along with the nearby state X(1385)™ [Wang et al, CPL 41, 101401 (2024)]

150} ys = 4682 MeV

[ —+ Data
* Based on TIF-PWA package: - — Fit result
. .. . [ % Signal -
https://gitlab.com/jiangyil 5/tf-pwa 100F " background

Simulated background |

 BDTG trained sample with about 1312
signals with purity of about 80%

N
O

Events / (2.8 MeV/c2)

0 225 23
M, (GeV/c?)
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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
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Baseline model of AL - Ar™n

PRL134, 021901 (2025)

., (Gev2/c?)

—+ Sweighted data [
& & - — Total fit ] [
< S 200F — Aa(980y = 100
o 0 ANR_ () o -
2 g — 5(1385)" 8 [
N Q — A(1670)m* N -
g; ; 100 B8 Total interference g 50 i
-~ - + - -
g g ¥ | FF . - g 0:
i A 0 = i [ .
I .1.3. B 14 - ll.5l - .1.6. . 1.7 l" 1.8 l.. 2
M, . (GeV/c?) M An (GeV/c?)
12 « A7 - Aay(980)" firstly observed
T * + Decay asymmetries obtained
>
8 based on PWA amplitudes
NE 0.8
s
0.6 = Hrl\j;—mag(gsoﬁ z HAj;zAaO(QSO)+ 2
a + == —Z
16 18 20 22 24 26 28 30 16 18 20 22 24 26 28 3.0 Aao(980) Hfl\ér—mao(%o)"' 2+ HA;I;_’AQO(QSO)+ ?
M2, (GeV2/c?) M2+ (GeV?/c?) 3.0 —3.0
i ' i ngﬂgz(lsss)‘% 2_ HA;!I‘;)E(ISSS)"'W 2
— 1 3 3
Process FF (%) S a G (1385)*7 X N e e
5,0 — 5,0
Aao(980)" 54.0+8.4+26 1310  0.917077 +0.08 et
X(1385)*n 304+£26+07 2250 —0.61+£0.15£004 N -
+ —
A(1670)r" 14.1+28+1.2 11.70 0.21+0.27 +0.33 ACOTOTE T jad sauororn |7, [ yad acsroe
ANR,+ 154453  6.70 3 2

= CINEZPIIE N EQ



SCOIL Test of £(1380)* in At - Anr™n

PRL134, 021901 (2025)

Baseline model Model A Model B
—— Sweighted data —— Sweighted data L —+ Sweighted data
& 500 — Total fit & : — Total fit & — ;1;0“(119 gi(t))+
N ~ — Aa,(980)* > 200 — Aa,(980)* > 200 A%
3 ANR, ) 3 — oy 3 i
= — X(1385)'n S £(1380)'n S 2(1380)+2
S - — A(1670)m* S I — A(1670)n* S i — A(1670)m
e’/ 100 [ Total interference 9 100 [ Total interference 9 100+ Total interference
I PR > | +
g | g g ar
S i S [ > s 4
[ O e Mo o R e =t
1.3 14 1.5 1.6 1.7 1.3 14 1.5 1.6 1.7 13 14 1.5 1.6 1.7
M,..(GeV/c?) M, . (GeV/c?) M, . (GeV/c?)
Process Model A Model B

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

ANRy+ 11.3 + 4.4 (4.20)

« An evidence of 2(1380) 7 is found with significance larger than 30
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SOl Comparison of X*" helicity angles

PRL134, 021901 (2025)

Baseline model Model A Model B

40} 407 401
o [ o i =] L
& . 8 . = .
S 20} 3 20f 3 20fF
P ofmes 0Pt : ofEee
M [ — %81‘5,31 M= :—A‘;?@sléz* L 4] F— AA?*R@:(OE):n) .
20— zasion 20 s 20—z =
- — A(1670)n - — A(1670)n - — A(1670)m"
p B0 Toalimterfepence N L P EDToulimerfefence L\, o, 4 [ Toulinterfepence | ), o4,
1 05 0 0.5 1 1 05 0 0.5 1 1 05 0 0.5 1
cos(8y-.) cos(6,.-.) cos(b..)
Kinematic region: i —+ Sweighted data
2 40 — Baseline model
MAT[+ > 144‘ GeV/C o B —— Model A
2 0 B — Model B
MA77 > 1.72 GeV/C g 30F
~ C
it 2 20f
Better description of X°™ helicity g “¢ i
. . . . . . m :
angle distribution with inclusion 10F +
of Z(1380) ; L+
O | PR PR I B
-1 -0.5 0 0.5 1
cos(62*+)
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sCOll Partial wave analysis of AL > At™n

PRL134, 021901 (2025)

This work BESIII previous Belle
B(AF = Antn)(%) 1.04 +0.13 1.84+0.26 | 1.84+0.13
B(AF — Aag(980)*) - B(aog(980)* — 7+ 1) (%) 1.05 + 0.18 — —
B(AF — $(1385)+n)(x10~3) 6.78 + 0.76 9.1+2.0 121+ 1.5
B(AF — A(1670)%7+) - B(A(1670)° — An)(x1073) |  2.74+0.62 — 3.48 +0.53
CAag(980)+ 0.91709% 4 0.08 — —
02(1385)4-,7 —061 :|: 015 — I
QA (1670)07+ 0.21 +0.43 — —
Decay Mode Ref. [19] Ref. [20] Ref. [21] Ref. [14]
AF 5 5(1385)Tn(x10%) | 104 21+1.1/14+1.0 62+05(3.1+06) 53=+08(7.3+1.5)
Decay Mode Ref. [26] Ref. [27]
AF = Aag(980) " 1.9x 10~ * (L7728 £0.3) x 102

 Iftaking B(ay,(980)* - n*n) = (85.3 + 1.4)%, B(A}
— 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)7
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A(1670) decay rates

Comparing the fraction of the A(1670) in A7 — An*n and that
in A} » pK nt:

B(AF > A(1670)+, A(1670) - An) = (2.74 + 0.62) x 10~3 [BESIII2025]

B(A¢->A(1670)nt, A(1670)->pK~)
B(AZ —pK-77) = (1.18 £ 0.33)% [LHCb 2023]

B(A} - pK~nt) = (6.24 + 0.28)% [PDG2024]

B(A(1670)-»pK™) _ )
B(A(1670)—>An) o (269 i 97) Yo

We have

A(1670) DECAY MODES

Mode Fraction (I'; /T')
I NK 20—-30% .

The rate of NK from the previous
I'; Zm 25-557 measurement seems too large!
Iy An 10—25%
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BESIT  Observation of ete™ — AtA, (2595)"
and AFA, (2625)"

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

PRD 109, L071104 (2024)

W7 T 71 ) 7
5o b 16=4918.0 MeV E & | 15=4950.9 MeV
2 "L +pata [ Sideband ] QMFE o pata [ Sideband
> - N
U. 100 = —Fit curve = U. 120 = = Fit curve
< S e [ALT.(2595)] (a ] S ooE S 25091
o 80 S, [0/, (2595)] | 3 S, [A7F,(2595]]
= —s,, [\, (2625)] ] S 80 F =S, [r:R.(2625)]
S 0 —s, [T 2625)] E S F —s. w625
PN E g O —-als
§ O 1§
R4 L AT . = 20f
05056 258 260 2@ g
M [GeV/c?] MY [GeV/c?]
L A L —
| = - 1 — B
100[eve — AR (2595)+c.c. | [ e*e” - AA,(2625)+c.c. ]
- ¥ Data | i w150 c —
__ Fitcurbre : s I @ Vs=4918.0 MeV 1
i ! c I |
| -~ Threshold ! “ L i Vs= 4950.9 MeV :
= ’ : 5100 -
S T I i A .
S S0-e'e’ — AR (2625 +cc. 2 ]
| @ Data | | ] g f 1
| —Fit curve i ] o S0 ]
---Thresl':lold ; : = -
i ! ! 1 o [ i
- 1 : : - 0_ —
0|....'|...|..'.|...|.. I R T B B
4860 4880 4900 4920 4940 -1.0 -0.5 0.0 0.5 1.0
s [MeV] cos0
do 2 2 2y, 1 2 . 2
e . e p— x (14cos“0)(|Ge|*+3|Grm|?)+=|Gc|” sin“d
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SO Search for ete™ - X,.Z, and ALE;

« eTe” - A{X;: an interesting isospin violating Phys. Rev. Lett. 131, 191901 (2023)
process to understand the QCD dynamics at T T e onn
charm sector T +Bosmns
v o(AEED) o(AERD) Vs, o(AZ)/a(AR) - F T P e

> vaccum pol. to cC v.s. s§ o %N 5 -,‘] I
v' Comparison to a(ete™ - AtAL) L | ﬂ T ,TI, ,

: - Y | R Y S}
=>» good diquark v.s. bad diquark 5 GeV)
400 - S100——— P i
—+— This work Q L (a) -¢-Data R I (a) efe” 3 AX+ce
L *— BESIIL(2019) :l 80-— I BaBar ] 100 __ —e— This work
Eé.. 3005? —— gfgalil @018 S’ o _Tgrg%hﬁtld ] 3 i | — Bi\OBAR
2 —B¥wsan | Vel | A g
T 200*5 i EI:‘llir;Vslltlgl}f‘lq'(“) L ] § 50 = Fit with strong-interaction
| 40 | 1z [
t;, 100 [l - AN 15 I +‘
© 1] 20 \ . oL —
0 I_. PR T I '.- |||||| 0 : 1 1 \|ri'-.1_‘ : [ L L
2k : ; 2.4 26 2.8 3.0 25 3
Er - . s (GeV) V5 (GeV)
® 0 :v tx *
2+ : :
24 2.6 2.8 3 32
MAK (GeV/c?)
arXiv : 2303.07629 Phys. Lett. B 831, 137187 (2022) Phys. Rev. D 109, 012002 (2024)
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https://hnbes3.ihep.ac.cn/HyperNews/get/paper453/48.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper453/48.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper453/48.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper453/48.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper453/48.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper453/48.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper453/48.html

SCSHL  Cross sections for ete™ — XX, and A{X;

o ) arX1v:2508.16871
no significant signals are observed
— — — — g +D»ata s = 4.918 GeV &g Vs = 4.951 GeV
o(AFZ)/0(AT A7)  o(AX)/o(AA) ORIt i 3 |
S 100} KA (2595) (Aww) S 100
— AJA(2595) (Al i
<~0.01 ~0.4 < —2‘;232625; Etm? + i“‘:
o — AR, (2625) (Antn) @
_ _ = | —AZx c
o(5. I )/o(iA;)  o@FD)/o(Ah) g i g
<’~0.01 NO.Z 1 ettt S ', it e
2.54 2.56 2.58 2.6 2.62 2.55 2.6 2.65
RM(AZ) + M(AY) - m(A2) (GeV/c?d) RM(AZ) + M(AZ) - m(AY) (GeV/c?)

TABLE IV. Summary of the upper limits on Born cross sections of e"e™ — AZX_ at 90% C.L.. The results of oporm(e*e™ —
AFA;) are input from Ref. [20], where the first uncertainty represents statistical uncertainty and the second one represents
systematic uncertainty.

NZ] 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 fve, fisr and oBorn (eTe™ — X.3.), based on different assumptions of line shapes: 1. baseline model
adopting ete” — AJA, 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.

NG f baseline Hypothesis 1 Hypothesis 2
fve 1.06 1.06 1.06
4.918 GeV fisr 0.96 0.68 0.58
OBorn < 0.55 pb < 0.61 pb < 0.83 pb
fvp 1.06 1.06 1.06
4.951 GeV fisr 0.96 0.81 0.79
OBorn < 0.34 pb < 0.39 pb < 0.49 pb
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BESIII Physics White Paper

Chinese Physics C

Physics at BES-III

Int. J. Mod. Phys. A 24, $1-794 (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]].
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Planned future 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 (Tz) or upgraded (Ty) 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)
2.0-3.1 GeV R values Fine scan Complete scan 250/180 days
Cross-sections (20 energy points) | (additional points)
J /i peak Light hadron & Glueball 3.2 b1 3.2 b1 N/A
J/1 decays (10 billion) (10 billion)
1(3686) peak | Light hadron & Glueball 0.67 fh=1 4.5 fh~! 150/90 days
Charmonium decays (0.45 billion) (3.0 billion)
Y(3770) peak D°/D* decays 2.9 fh~1 20.0 fh=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 b1 6 fb—1 140/50 days
XY Z/Open charm
XY Z/Open charm
4.0 - 4.6 GeV Higher charmonia 16.0 bt 30 fb—! 770/310 days
cross-sections at different /s at different +/s
4.6 - 4.9 GeV | Charmed baryon/XY Z 0.56 fh=1 15 fh=1 1490/600 days
cross-sections at 4.6 GeV at different . /s 18 fb!
4.74 GeV ¥ TA7 cross-section N/A 1.0 fb1 100/40 days
4.91 GeV Y..2. cross-section N/A 1.0 fb1 120/50 days A+ data
4.95 GeV = decays N/A 1.0 b1 130/50 days ¢

SAEImsERE

in 2020-2021, 5.8 fb’! is taken

[Chin. Phys. C 46, 113003 (2022)]
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BESII Proposal of the upgrade BEPCII

An upgrade of BEPCII (BEPCII-U) has been approved in July 2021

and planned to be completed by the end of 2024
v Improve luminosity by 3 times higher than current BEPCII at 4.7 GeV
v Extend the maximum energy to 5.6 GeV

1EIOR Upgrade BEPCII . .
PRSI S Capable of finishing the
5 BEPCII proposed luminosity of
2 6x10%} . .
g A} data in shorter time
i 4% 103
& 1490 = 600 days

2x 10% 1 A & )

& . . 4

2.0 3.0 4.0 5.0 5.6
Ecm (GeV) '

Energy [ Physics motivations | Current data I Expected final data ] Tc | Tv [

1.6 - 4.9 GeV | Charmed barvon/XY Z 0.56 b1 15 b1 1490/600 days
cross-sections at 1.6 GeV at different /s
7 171(.«\ }_:’-\_ (‘l'n,\x-it'('lilr)n 7 \ \ I l() ﬂl_I [ lﬁ({ ilirdru_\'.\ 7
1.91 GeV Y. Y. cross-section N/A 1.0 b1 120/50 days
1.95 GeV - Z. decays N/A 1.0/ T 130/50 days
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(a)

* Energy thresholds

ete” - ATXC 4.74 GeV
ete”" > AfZ. 7 4.88 GeV
ete” -3, 2, 4.91 GeV
ete” - E, &, 4.94 GeV
ete” - 0200 5.40 GeV

SAEImsERE

Cover all the ground-state charmed
baryons: studies on their production &
decays, CPV search, to help developing
more reliable QCD-derived models in
charm sector

Studies on the production and decays of
excited charmed baryons

70



Y et-to-be-Explored E:f !

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

» However, £1°/ Q0 has insufficient data
* Anew territory for BESIII!

- PDG2023

Mode
~ Cabibbo-favored (S = —2) decays
r, P2 K%
105, AT(OW*'
Iy »(1385) 'K
I AK2 gt
Ty AK (892)r
Tg ¥(1385) K- nt
Ir; ZtK ot
Ts THK (892)°
Ty YOK-2 7t
T F0rt
Iy E2nt
RSP =(1530) "t
Iy 2(1620)°
Ty =(1690)%7*
T S0+ q0
T E0r—2 nt
INT: Elety,
g 2-Ktnt
ShxE

m

m

mn

Fraction (T; /T) Mod
e

» Cabibbo-favored (S = —3) decays — relative to 2~ 7

(2.5+£1.3) x 1073

T =K
(2.9+2.0)% Ty E0K-n+
(9+4)x 1073 0 0
1 I's EK K — K nt
< o X a
<6x107° Ty 2(2012) 7t , 2(2012)" — E'K
(2.7+£1.2)% - o
0 fl] ™
(2.3 £ 1.1)% !
(8+5)x1073 ' 2(2012) =, 2(2012) - E°K
(1.6 £ 0.8)% r - K-2 ot
2 =
(2.9+1.3)% '
<2.9x10°° T3 2(1530)°K 7t , E* — 5 gt
%0
seen T =K nt
seen
(6.7 +3.5)% I'is pK K n*
{lEE 2 T TtK Kt
(7 = 4) —0—0
(20+1.5) x 10°° L7 AK K

Q2 PDG2023

SAEImsERE

0/ Q0 Decays

Fraction (T'; /T)

1.64 £ 0.29
1.20 + 0.18
0.68 = 0.16
0.12 £ 0.05
2.121+0.28
0.12 = 0.06
0.63 = 0.09
0.21 £ 0.06
0.34 +0.11
seen

< 0.32

1.72 +0.35
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Future opportunity at LHCb and Belle 11

-
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« RUNI1&2:9fb~?
« RUN3&4: 50 fb~?

=» x10 more statistics

Max Luminosity [10%/cm?/ s]
o
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1

o L 1 ' ' ' 1 1 ' ' | 1 ' 1 1 L
2010 2015 2020 2025 2030 2035
Year

Belle Il Online luminosity

Exp 7-35 - All runs
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o
o

Integrated luminosity
mmm Recorded Weekly

15.0 s [ £ pecordeq At = 551,68 [flymL] oy L 500
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e Belle II: >0.55 ab™1
e Future Belle II: 50 ab™?!
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Summary

¢ In recent years, experimental activities on charmed baryons
are reviving, esp. at BESIII, LHCb and Belle (II)

¢ Threshold data at BESIII opens a new door to direct
measurements of the decays =2»comprehensive and

systematic studies of charmed baryon decays

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

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

v" Plan to take data up to 5.6 GeV to cover all the ground-state
charmed baryons

¢ [LHCb/Belle (II) has largest charmed baryon yields =» large

potential of best precisions
» Search for more semi-leptonic decays
e Precise determination of decay rate and amplitude analysis

* Decay asymmetry and CPV test
* Rare decays: LFV, FCNC, ...

¢ They will be complementary in charmed baryon decays
ARASEA S -2
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Production near threshold and tag
technique

* E. s2M,.=26MeV only!
« ALA; produced in pairs with no additional accompany hadrons.

E...=4600MeV

cms

o efe—y*— ATAL

* Clean backgrounds and well constrained kinematics.

 Typically, two ways to study A decays:
 Single Tag (ST): detect only one of the A A,

=> Relative higher backgrounds @ @

=> Higher efficiencies /

=> Full reconstruction >
L

* Double Tag (DT): detect both of A} A;

=> Smaller backgrounds
=> Missing mass technique

=> L.ower efficiencies

=> Systematic in tag side are mostly cancelled



HFL AV Fit to world BF data

* A fitter to constrain the 12 hadronic BFs and 1 SL BF, based

on all the existing experimental data

« Correlated systematics are fully taken into account

Mode HFAG 2016 (%)] BESII (%) |[PDG 2014 (%)| BELLE (%)

pK¢2 1.594+0.07 |[1.524+0.0840.03] 1.154+0.30

pK wt 6.46 £0.24 |5.844+0.27+0.23] 5.0+13 |6.84+£0.241)32

pKom" 2.03+0.12 [1.87+0.13+0.05| 1.65+0.50

pKgrtn™| 1.694+0.11 |1.5340.114+0.09| 1.3040.35 HFAG Summer 2016

PK mfr?| 5.05+0.29 |453+0.23+0.30 34=£1.0 ilnanyYy 4
Art 1.28+0.06 [1.24+0.07+0.03] 1.07+0.28 o ~

Arta® 7.09+0.36 |7.01+£0.37+0.19| 3.6+1.3 o ey
Arte—a™| 3.73+£021 [3.81+0.24+0.18] 2.6=+0.7 ]

0+ 1.31 +0.07 |1.27+0.08+0.03| 1.05+0.28 g 000

2 taf 1.25+0.09 |1.18+0.10+0.03| 1.00=+0.34 =00 T—
Stata” 464+024 [|4254+0.24+0.20] 3.6=+1.0 = . A R =Ty
tw 1.77+£0.21 |1.56 £0.20+0.07| 2.7+1.0 0-04 s w6552 558 st 970 | [ v |
Ae v, J31R4+0.32 2634+ 0.38+0.20 21+0.6 0.008 0.010 0.012 0.014 0.016 0.018 0.020 0.022

B(AF — pKY)

The least overall y?/ndf=30.0/23=1.3

Precise B(pK~n™) is useful for constrain V,,, determined via baryonic mode

SAEImsERE
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Contribution to PDG

PDG2014

r(pK°x%) /r(pK~x+) r7/M2

VALUE EVTS DOCUMENT ID TECN  COMMENT

0.66+0.05+0.07 774 ALAM 98 CLE2 |ete™ ~ T(45)

I‘(p?%)/l‘(pK‘ 1r"') Mg/l
Unseen decay modes of the n are included.

VALUE EVTS DOCUMENT ID TECN | COMMENT

0.25+0.04+0.04 57 AMMAR 95 CLE2 |ete =~ T(4S)

r(pKOntn=)/T(pK~n*) Fo/T2

VALUE EVTS DOCUMENT ID TECN _ JCOMMENT

0.51+0.06 OUR AVERAGE

0.52+0.0440.05 985 ALAM 98 CLE2 |eTe™ ~ 7(45)

0.43+0.1240.04 83 AVERY 91 CLEO |eTe™ 10.5 Gev

0.98+0.36+0.08 12 BARLAG 90D NA32 |r~ 230 GeV

MpK-nt 1r°)/|'(pK‘ at) o/l

VALUE EVTS DOCUMENT ID TECN | COMMENT

0.67+£0.04+0.11 2606 ALAM 98 CLE2 |ete™ ~ T(4S)

r(pK*(892)~ =) /T (pKn*n~) M1/e
Unseen decay modes of the K*(892)~ are influded.

VALUE EVTS DOCUMENT ID TECN | COMMENT

0.4410.14 17 ALEEV 94 BIS2 | nN 20-70 GeV

[ (p(K~ 7" )nonresonant 1"0)/ F(pK~=t) M2/2

VALUE EVTS DOCUMENT ID TECN | COMMENT

0.73£0.12+0.05 67 BOZEK 93 NA32 | 7~ Cu 230 GeV

PDG2019

0
r(pK%7°) /Tiotar rz/T
VALUE (%) EVTS DOCUMENT ID TECN _ COMMENT
1.96+0.13 OUR FIT Error includes scale factor of

1.87+0.13+0.05 558 ABLIKIM BES3 — A A , 4.599 GeV
0 .0 -
r(pKYn®)/T(pK—nt) rz/T2
Measurements given as a KU ratio have been divided by 2 to convert to a KS ratio.
VALUE EVTS DOCUMENT iD TECN  COMMENT
0.314+0.018 OUR FIT
0.33 +0.03 +0.04 774 ALAM 98 CLE2 etTe™ ~ 7(45)
0
r(nKSl+)/rm| I'all'
VALUE (%) EVTS DOCUMENT ID
1.824+0.23+0.11 83 ABLIKIM 174 BBES3 e+e at 4.6 GeV
r(pK°n)/T(pK— =) Fo/l2
Unseen decay modes of the » are included.
VALUE EVTS DOCUMENT ID TECN  COMMENT
0.251+0.04+0.04 57 AMMAR 95 CLE2 efTe = T(45)
rpKYntx)/Tiotal F10/T
VALUE (%) EVTS DOCUMENT ID TECN _ COMMENT

1.59+0.12 OUR FIT Error includes scale factor of,
1.53+0.111+0.09 485 ABLIKIM BES3 ete  — A-A , 4.599 GeV

r(pKYata=)/T(pK— =) lo/T2
Measurements given as a KO ratio have been divided by 2 to convert to a KS ratio.

VALUE EVTS DOCUMENT ID TECN  COMMENT

0.255+0.015 OUR FIT Error includes scale factor of 1.1.

0.257+0.031 OUR AVERAGE

0.26 +0.02 +0.03 985 ALAM 98 CLE2 ete = 7T(45)

0.22 +0.06 +0.02 83 AVERY 91 CLEO ete~ 10.5 GeV

0.49 +0.18 +0.04 12 BARLAG 90D NA32 7 230 GeV
Fr(pK—n+n°) /Teotal T/l
M(ﬁ)— EVTS DOCUMENT ID TECN COMMENT

4.4210.31 OUR FIT Error includes scale factor of|
453+0.23+0.30 1849 ABLIKIM 16 BES3 ete~ — A AL, 4.599 GeV

rpK— =+« /r(pK— =) Mi/r2

VALUE EVTS

DOCUMENT ID TECN COMMENT

+BESHI# R#kiE 13 % 34 Z tb & R dAasd i 5 h 510 2,
4+ BESHIst 5 &AL >pKatym & = “BEAKHM TAH “BERLERX
+BESIIT#HEZIAT £ 2 UM EEX AR EE(be P FRENREE),



* Energy thresholds
v

ete” - ALXC 4.74 GeV

I

v ete" s AfE.m  4.88GeV

v ete” 53,3, 4.91GeV

v ete” 5 E, :C 4.94 GeV

v ete” - 0000 5.40 GeV

" = 0900

= e BES : ST
[ .....x..SL, AT 20 0 N, N o Xl i
: x pluto
T = KEDR
E ‘ ‘ {i N G

b —+-+-_ﬂ:;$

4
Ns (GeV)




Charmed Baryons

Structure  J* Mass, MV Width MeV  Decay

At ude  (1/2)t 2286.46+0.14 (2004£6) 5  weak
=+ use  (1/2)F  M6787 04 (4424+26)fs  weak
=0 dse ()2t 08873 112f0 6 weak
S wue  (1/2)F 2454024018 2234030 Afmt
nt ude  (1/2)" 24520404 <46 Ara®
)y dde  (1/2)t 2453764018 22404  Afr
g use  (1/2)t 25756431 - =ty
=9 dsc  (1/2)f 25779429 - oy
0 sse (1/2)F 26952417 (60+£12)f  weak
It wue  (3/2) 25184406  149+19  Afnt
L ude  (3/2)7 25175423 <17 Afr®
il dde  (3/2)t 25180405  161+21 Afr
Chal usc  (3/2)r  2645.970% <31 BT
Chi dsc  (3/2)F  2645.0+0.5 <55 Bl
e sse (3/2)F 2765.942.0 - 00y




G (pb)

Angular dependence analysis of ee— A7 A7
near threshold pr. 120, 132001 2018) =

40[]-—|'"_‘I‘E"'I""l""T—- e 2
Dot ] combined data f(0) o< (1+an, cos™b)
| =8 BESIII dala ] ('\! ' T ] (‘\] '_ ! ‘ [

300 |~ =¥ Belle data : 4 = = I |
e | G P 6OOOM

200 :_ Threshold -—I' * i _: % 5400()} |
- : 1 & ; | 2 [ |

100 - ] 100f 4575 mev (@) 2000 4600 MeV (b)
: + ; : O 05 0 05 1 0T 05 0 05 1

0 4__'I3hl - .4_;?'11 ' ‘4_l58. - '4_;9' — 41-6- COSBA.- COSB/\C
e Gr/GulP(1 - B%) = (1—ax,)/(1+ay,).
Vs (MeV) Q. |Ge/GM]
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}



Observation of A_/">nK¢r*

v No measurements for A * decay into a neutron yet.

v" To confer the missing neutron, we define the variable M?

miss

which considers the beam energy constrain to improve resolution

30

8

Events/10 MeV?/c*
=

-
o o

-& data

— Total fit
— A blg
= mnon-, bkg

1

s
i, T i T gL Tt
07 08 09 1 1.

M2 (GeV?/c?)
two-dimensional fit

1

Events/2.5 MeV /c2 =t

-
(%41 [=]
L]

046 048 05 052 054
M, +.- (GeV/c?)

M, .. (GeV/c?)

scatter plots M,

0.54

0.52

0.5

0.48

0.46

567/pb data @ 4.6 GeV

- Wt W . .
' -...:.“ff’%.'.“'.’;’ .
N A

i

. . .
| Ml |

0.7

8 0.9 1 141
Mzmiss (GGV?‘/ C4)

2
- versus M<_.

BESIII Preliminary results: B[A_ "2>nKmn"]=(1.82£0.23+0.11)%

First observation of A" decays to final states involving the neutron
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10F

0
x1033 8F

2 C
/em3s af

— inosi +— 50 ~ 3000 -
E Integrated luminosity % Slgnal tags:
— = -
3 Intermediate | = 36447+432
: Machine/detector X goals 2 2000 @ 97 8/fb
commissioning l summer .E r T

- ™\ shutdowns * 100 o

P A Y I N @ 1000
= SN’
E - |nstantaneous 0
F— luminosity 2000~ {b) WS sample

= Iyttt
— 1000
L | , i { | | L
2016 2018 2020 2022 2024 05 2.1 2.2 23 2.4 2.5

Belle. PRL113, 042002 (2014)

Belle tags ~36K A, while BESIII now tags 1

M_..(D"pr) (GeVic?)

5K At (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, BES

Il is very clean

Many precise measurements at BESIII will reach to the level of systematic

dominated
=» BESIII has advantages on backgrounds a

nd systematics



World campaign on the A

BESIII Belle(-Il) LHCb

A'é'tota|yie|d5 - * ** ok x ok k kK
S/B ratio * ok K K K * * * *
Systematic error *ox ok k ok *x ok *
Systematic research * k% * x x *
Semi-leptonic mode * ko kk * % x .
n/K -involved mode * ok k ok k * e
Photon final state * ko k x * ok ok k e
Absolute measurement x KKk xx % ¥

« The threshold data at BESIII 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.



Events/(2 MeV/ic®)

pull

Phys. Rev. D 98, 112006 (2018)

Measurement of the Decays A, — Xnm at Belle
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Important Input for b physics

* stringent Fragmentation Function of b/c quark to baryon

— [Eur. 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) is an important probe in experiment to test and calibrate QCD theory.
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First Measurements of absolute BF's

for =,

Large errors

— (1.80 £ 0.50 & 0.14)%,
= (1.17 4 0.37 £ 0.09)%,
= (0.58 & 0.23 £ 0.05)%,
= (2.86 & 1.21 & 0.38)%,
= (0.45 £0.21 & 0.07)%.
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Belle II will improve these to ~10%
« BESIII has potential to improve these to be <5%




A_." hadronic decay

B Study of SCS channels: A.*>AK*,pr?,pn,nnt, 20K+ ZKO etc.

From Prof. Hai-Yang Cheng’s report. PRD95(2017)111102(R)
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7° =(dd -uw)/\2, n=(dd +uu-s5)//3 for n-x mixingangle =19.5°

BESIII: B[A.* 2p]<2.7 X 10
M(A} = nat) = V2M (A — pr?),

A(Act—> pn®) = (C + Cp + Eq- Eo- E5)N2 It is most likely that
A(Ac*—> pn) = (2C1+ Co + Eq+ Ex+ Eg)N3  T(Ac*— pm) >> T(Ac*— pgl)

« 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 Br{A,* 2nz*]~3.5%Br[A.* 2px?] [Hai-Yang Cheng,
arXiv: 1801.08625]



Events/0.010 GeV

A" 2>Al'v, decays

o Theoretical calculations on the BF ranges from 1.4% to 9.2%

o BESIII performed the first absolute BF measurements.
o The BFs provide complementary information on determining

s PRL115(2015)221805 | 30 Phys. Lett. B 767(2017)42
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Uniss (GeV) Uniss (GeV)
B[A.*>Ae*v,]=(3.63+0.38+0.20)%
B[Ag*>Aptv,]=(3.49+0.46+0.26)%
[TAS > Aptv, JTTA > Ae*ve]= 0.96+0.16+0.04
Provides important input for calibrating the LQCD calculations.




A? data in PDG2015
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v’ Total branching fraction ~60%
v" Lots of unknown decay channels
v" Quite large uncertainties(>20%)

v Most BFs are measured relative to Af —» pK™ntt
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A, decay asymmetries

4(6)-fold angular analysis of the cascade decays PRD 100, 072004 (2019)
of A, » pK,, Art, 2 n? and 20z 7
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« Best precisions on the hadronic weak decay asymmetries
« The transverse polarization is firstly studied and found to be non-
zero with 2.1¢
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Test FSI model of a;(980)" and A(1670)
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A7 rest frame

AY rest frame b1

Lab frame

A rest frame
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ﬁﬁci[‘?] A - pK™nt™ amplitude analysis

A? signals are selected via A} s P
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% A{ polarization and A - pK ™

polarimetry

Phys. Rev. D 108, 012023 (2023)

Component Value (%)

P, (lab) 60.32 + 0.68 +0.98 & 0.21
P, (lab) —0.41 £0.61 +£0.16 £ 0.07
P, (lab) —247+0.64+03+1.1
P, (B) 21.65 + 0.68 + 0.36 +0.15
P, (B) 1.08 £ 0.61 £ 0.09 & 0.08
P, (B) —66.5+0.6+1.1+0.1

A large Af polarization is found in b
semi-leptonic decays Ay — AFu~v

* The obtained representation can facilitate

polarization measurements of the A} baryon

and eases inclusion of the A —» pK~n™

decay mode in hadronic amplitude analyses.
« At BESIII, the transverse polarization of A}

can be obtained via AT - pK™nt*
polarimetry

PSS SAEImsERE

JHEP 07, 228 (2023)

The amplitude model is used to
produce the distribution of the
kinematic-dependent polarimeter vector
in the space of Mandelstam variables to
express the polarized decay rate in a
model-independent way.
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BESIT ML-boosted observation of Af - pr®

PRDII1, LOS1101 (2025)
« Use Deep Neural Network (DNN) to identify Af (—> pno)l_\; (= anything)
after ST selections
v Form point clouds with all recorded tracks & showers
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 AL - pr® and A - pn in one
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
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Energy thresholds
vetem - AIZT 4.74~4.87 GeV
vete™ - AYA7(2595)(Z. )  4.88 GeV
veteT 53, I, 4.91 GeV
vete 5 E, B, 4.95 GeV

Singly-charmed baryon

The Born cross-section ratios between AZA7 + c.c.and AZX] + c. c. at different energy
points can provide more information about the production of c¢ or gg from vacuum.

BESIT  Cross sections for e*e™ — ATEZ. and X, X,

/ et i
] | Al =0 d
ete” - AX; 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™ - ATA; and AfZ;
v a(AZ)/o(AEAL) v.s. a(AZ)/a(AN)

= vaccum pol. to ¢ V.S. 5§ "
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™ — AfAZ B
=>» good diquark v.s. bad diquark p
v Study the polarizations and form factors in ete™ — 2259 -

and Z}E;
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