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BEPCII @ IHEP

E.,, =2 —495GeV
2004, started construction

2009-2024, BESIII Physics run
Design Luminosity:
Lp =1x103cm 25 1@E.,= 3.773 GeV
Peak luminosity:

2016 achieved 1.0 X £,

2023 achieved 1.1 x Lj

Jul. 1, 2024 — Aug. 31, 2028:
BEPCII upgrade > BEPCII-U

January 2025, restart
% Luminosity X 3 @E.,= 4.7 GeV
% Beam energy up to 2.8 GeV (2028)
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BESIII (@ BEPCII

% Optimized for oy rs *‘-_j_;_:::t;_'_.f ; : |
flavor physics s s ||
Solenoid |
0 TR —— |
4x solid angle il o I '
= P 777 S |
- -| inner MDC
Electro Magnetic Calorimeter (EMC) Main ant Chamber (MDC)
AE/E = 2.5% @1.0 GeV AP/P 0.5% @1.0 GeV
0z = 0.6cm @ 1.0 GeV =130 um, gg4g/ax = 6 — 7%

July 1 - December 31, 2024: Replace the inner MDC with
3 layers of cylindrical triple-GEM detectors
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Datasets (totally ~50 fb!

from 1.84 - 4.95 GeV)

2.7B: charmonium

,,,,, =

10B light hadron, hyperon
i

6.4 fb~1: ~1.0M A} A_ pairs produced @4.5995-4.9509 GeV

4 A ~
J/"/) 1/)(25) Data ;aqun,ci: w from PDG
6 in2017-2019 A Mark-I in 2021 oW 24, ERe L= .
24 202 3.2fb! Data taking:
Mark-1 + LGW Feb 24, 2024 :
P in 2016 2020: 4.6-4.7GeV
i ® Mark-II 3 / ) T K Paais . 2021: 4.7-4.95GeV
® PLUTO Jp | i | 1.1 fb~
‘ $3770 05fb~1 #pe | ;
+ Crystal Ball ftd' 't pas e o
4 * BES f bR iy f
KEDR ‘ \;;,’ il "3- L :. . if .
.' . ’L L' i ."I , - :T'."' " * '
3 ? ’1 | ;{, g i ]
2 [l e e i — R i FV Rscan abope open-charm threshold
{——3.85-4.59/GeV 104 pts ~0.8 fb~1 ——>

£ 4

4.5

3.5

R scan below open-charm threshold :
- Tau mass scan

1.84-1.97 GeV 13 pts ~25 pb~!
2.00-3.08 GeV 21 pts ~550 pb~!
2.23-3.67 GeV 14 pts ~110 pb~1!

20.3 fb~1: ~73.3M D°D" pairs produced @3.773 GeV ~ 7.33 fb~

~57.4M D* D~ pairs produced @3.773 GeV

> More ALA7 data is collected soon.

|
3.8-4.96 GeV: ~22.5fb~1, XYZ,D!D;, At A; ...

1. ~6.5M D} Dy pairs produced @4.128-4.226 GeV

2025/10/25

F22/E £ EEKRYIBMCPHIAITES



CKM Matrix

% CKM matrix elements are fundamental parameters of the Standard Model (SM):

| ‘ : .
Vud Vus : ub: 1—X2/2 A AX3(p —in)
Voka = — - 1=22%/2 AN? + 00\
A1 —p—in) —AXN? 1
@ 3x3 unitary complex matrix
Charm decays + LQCD B decays + LQCD S palalEscns: ? n?lxmg SNE|Cs andr 2 Ehas~e
Expected precision < 1% at BESIII e Unitarity: > VijVik. = djk and 32, Vij VL/ = Oik

% Any deviation of V-ky from unitarity indicates new physics

Revised in PDG2024 Precision: (0.6-1.8)%
IVud|2+|Vus|2+|vub|2=0'9984 i0-0009=1(S|\/|) |Vcd| = 0.221 i’/

IV |2+ |V o |2+|V |2 001 £0.007) =1(SM) Ves| = 0.975 T1.004
V.| = 0.0410 % 0.0012
P

recision: 0.7%

% D /D¢ (Semi-)leptonic decays provide direct measurements of |V..| and |V.4|
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Charm leptonic decays

d(s) fD(+s)

l=eut Decay constant fD(S)(LQCD)

l+
Decay rate CKM matrix element

Y

% Charm leptonic decays involve weak and strong interactions

Weak interaction: annihilation of the quark-antiquark pair via W* = [V ;4|

Strong interaction: glue exchanges between charm quark and light quark%fD(s)

Calibrate LQCD @charm
Extrapolate to Beauty

&% Exp. decay rate +

etv, S TAR VSR 8 TS
Dt2.35%x107°: 1 :2.67

fo,,, of LQCD

Df2.35x107°: 1 :9.75

—> Test lepton flavor universality (LFU)
— CKM matrix elements |/,

High precision: 0.2%
FLAG, Eur. Phys. J. C 80 (2020) 113
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V| trom Df - ptv,

300

200

100

Events / (8 MeV%/c4)

-0.2

F [_] Matched () D:—; utv,
r E] Unmatched y(r") D:—> W,
| [ Real-D, and non-D]

=

D -ptv,

=2514.5+51.6

IIIIIIIIIIII

-0.1 0

M2, (GeV*/cY)

By, = (0.5294 + 00108, % 0.0085,)%

For Ve = 241.8 £ 2.5, + 2.2, MeV
fpr = 248.4 + 2.5, + 22,4 MeV

Vs = 0.968 + 0.01045 = 0.009,,,

Precision : ~1.4%

Phys. Rev. D 108, 112001 (2023)

I I I I I I I I I T I
CKMFitter PJrEpzozz(zozz)oss(m | 0.97349+0.00016 .
HFLAV21 PRD107(2023)052008 0.9701+0.0081 .
CLEO PRD79(2009)052002, tv 0.981+0.044+0.021  +=
CLEO PRD80(2009)112004, T v 1.001+0.05240.019
CLEO PRD79(2009)052001, t,v 1.079+0.068+0.016 ——
BaBar PRD82(2010)091103, T,V 0.953+0.033+0.047 HeH
Belle JHEP09(2013)139, T, v 1.017£0.019+0.028 HoH
BESIII 6.32 fb! PRD104(2021)052009, t,v 0.97240.023+0.016
BESIII 6.32 fb1  PRD104(2021)032001, t.v 0.980£0.02310.019  #e1
BESIII 6.32 fb  PRL127(2021)171801, v 0.978+0.009+0.012 .
BESIII 7.33 fb!  PRD108(2023)092014, t,v 0.993+0.0160.013 ™
BESIII 7.33 fb! JHEP09(2023)124, 7,v 0.987+0.016+0.014 o
CLEO PRD79(2009)052001, pv 1.000£0.040+0.016 -
BaBar PRD82(2010)091103, v 1.032+0.033+0.029 o
Belle JHEP09(2013)139, uv 0.969+0.026+0.019 ¥
BESIII 0.482 bt PRD94(2016)072004, v 0.956+0.06910.020  1——i
BESIII 3.19 fb!  PRL122(2019)071802, uv 0.98510.014+0.014 ™
BESIII 6.32 fb!  PRD104(2021)052009, uv 0.973+£0.012+0.015 =
BESIII 7.33 fb!  PRD108(2023)112001, pv 0.968+0.010+0.009 ™

BESIII Combined ™
BESIII Combined ™V + UV

-1 ~0.9%

L_Precision:__—-

0.9831+0.0068+0.0080 -
0.9774+0.0056:0.0072 « 0.9

|, | ! |

1
[Ves|
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V4l from D* - ptv,

Phys. Rev. Lett. 135, 061801 (2025)

SR
| +Data i — .
600 _—All PDF ND+—’H+V11 ] fD+ |‘/cd| = (4753 + 0-485tat + 0-24syst + 0-121nput) MeV
—_ | --Signal PDF |
3 __AJI(PaCkground + = 2889.5i57- 3_ fD+ - (211-5 :}: 2olstat :i: 1-1syst :t O.8input) MeV
N> - v"t+1lt +5 -
vvvvv T(>TV)Vv, —
S 400/ Other batkground F S Vea| = 0.2242 £ 0.00234¢at = 0.001 Lgyse 3= 0.0009:1pu
= - Muons identified from MUC
c -
‘\" | T T T T T T T T I T T T
£ 200 SM global fit  PDG 0.22486+0.00067
3 i HFLAV21 PRD107,052008 0.2208+0.0040
I e e : () g+
9% 01 0.0 0.1 0.2 CLEO PRD80,032005, " "e*v, 0.2381:0.0066+0.0025
M. (GeV?/ct) BESIII 2.93 fb' PRD92(2015)072012,t'e*v, 0.2278+0.0034+0.0023
4 BESIII 2.93 fb™ PRD96(2017)012002,x%*v, 0.2243+0.0058+0.0026
Bp+ sty = (3.98 4 0.08¢ar. £ 0.045yst.) X 10 1 :
KV BESIII 2.93 fb™' PRD97(2018)092009,ne*v, 0.2264+0.0338+0.0318 o=t
Bp+ pv, —Bpo - BESIII 2.93 fb™ PRL124(2020)231801,nu*v, 0.242+0.041:0.034 [——
Acp = 22+ DT onTvn (1.8 & 2.0stat. = 0.8syst.)% 1 o l
Bt ptv, + Bo- 0, BESIII 2.93 fb™ PRL124(2020)231801,K"v, 0.217+0.026:+0.004 bt
. . 1 PRD89(2014)051104,u*v,
Taklng from PDG BESIII 2.93 fb ( ) wv, 0.2165+0.0055+0.0020
/ BESIII measurement will be released soon BESII 2.93 fb PRL123(2019)211802,tv  0.238+0.024+0.012
Bp+_ + BESIII 20.3 fb™' arXiv:2408.17071,u*v 0.2242+0.0023+0.0014
RT//J = TDT o v =3.024+0.68 1 1 1 I | R 1 ?_ 1 1 1
BD+—>;J,+V“ SM 2 67 -1 -0.5 V 0
e Highest precision of |V, | to date: ~1.2% | cd |
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Charm semi-leptonic decays

Yeq e+ I* Form factor (LQCD)
c R Partial decay rate
g Y CKM matrlx element
D+/O
© % ?T a dF

q > |f+ )| | calf 1Pn]?

2 P dq 247r3 !

+(q%)

37

(X 1forK—, n~, KO, r)(') ;X=%for 79)
% The weak and strong interactions can be separated:

Weak interaction: CKM matrix elements [V )|

Form factors f*(0) describe strong interaction can be calculated in LQCD

& Exp. partial decay rate - g2 dependence of /7% (¢?),
> extract £ (0) with | Vg5 |*Mftter as input = calibrate QCD

& Exp. partial decay rate +|LQCD calculation of £/ (0)

\ Low precision: >2%
FLAG, Eur. Phys. J. C 80 (2020) 113

— CKM matrix elements |V )|
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ffr" (0)| from D} - ntmetv,

Phys. Rev. Lett. 132, 141901 (2024)

&’T(DF — fo(980)etve)

dsdq?

— G%‘|VCS|2 /\3/2
19274m?3 |
D

S

& Observe f((980)

B(DI — fo(980)et ve, fo(980) — 7+ m—) = (1.72 £ 0.13 + 0.19) x 107°

B(DI — fo(500)et ve, fo(500) = 7+ 71—) < 3.3 x 10~* @ 90% C.L.

% Determine form factor

Flatté model
P(S)= 81Prxn
5 5 )2 |mg — s = i(81px + &2Pxi0)
(m2s5.4%) % [P (@) P
N Ngig = 439 £ 33
j :: i [ —e- Data
% i — Total fit
Simple pole parame;erization © sl ;iiri(al "
0 0) 5 | - groun
SN |
Y@ =1—emar | £ |
—q / pole @
= 20
Ea!
0

T}
= |
fo — S 1
0| V] = 0.504 +0.017, £0.035.,, S }
s 3
To(()) = + + v |
£9(0) = 0.518 £0.018, £0.036,, ¥ 4
kel L
L = 0.3
0 0.5 1 0 0.5 1
¢ (GeV?/c) ¢* (GeV?/ct)

This work CLFD [6] DR [6] QCDSR [7] QCDSR [8] LCSR [9] LFQM [11] CCQM [12]
£(0) 0.518 = 0.018, + 0.036, 0.45 0.46 0.50£0.13 048+023 030+0.03 024+0.05 0.36=+0.02
Difference (o) e 1.7 1.4 0.1 0.2 43 43 2.8
¢ in theory (32+4.8)° (41.3+55)° 35° (8%3')° (56 £7)° 31°

2025/10/25
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f:]_ and |Vcd| from Dt — n’l+vl

& Observe DT — n'lTy,

o ] el et 0
+ 1+ —— Dat: + 1+ —— Dat “+D" — nu'y (a) .S~ — This wor cCQM 1] (¢)
100l 27 20 _D:t: ot D™ > n'eTve _D:t: - C o Datafit 1 [ - CCQM6] —LCSR[7] ]
~ | N._= == D'onn’ L 1Rl Other background 0.4 ot ~~LCSR [8] ---LCHO [10]
o [ Nor=o0s1s T [ Nor=151£16 i *—\i— o 10k ISR
8 I 8.66 ------- Other background i 1 2.90 ;;': - " |
z | 3 |
S 50 2 , ]
; | ;0,6— +\ v+|"'|"'|_ :"'I"'I"""I:
£ = 4D" - ne'v, (b) 1 [ $-AT/AT, )
5 < | — Data fit ] | — SM prediction _
> = 4
= ] 3 0.4 — < :
0 : HY RO s ST RN i o 1% 2’
-0.2 . . . —0.1 0.0 0.1 0.2 0.2 - K ]
U, (GeV) i \ 1 S ; +L
7 7 00 02 04 06 08 00 02 04 06 08
Decay n N+Vu U €+Ve Q@ (GeV?¥/c*)
n decay | nrtn~  yrtwT | pptwT ymTwo L A Srs e e
~4 1.0~ x This work # This work ]
B (x107%) | 1.9240.28 +0.08 1.79 £ 0.19 £ 0.07 : L o & o
r g 7 CCQM[6] - CCQM[6] |
n 5 0.8 l &Iiggg};{ #+RQM[9]  —
— + < E
f_|_ (0)|‘/cd| = (5-92:|:0-56stat :to-]-gsyst) x 10 T | ~+RQM [9]
orys 2 LCHO [10] R
n’ Tor |
— Form factor: £ (0) = 0.263 4 0.0254¢4¢ & 0.0064yst 0.4 T b
LFU: n’ BD+—>17’;A+VH 0.2 ~
- D RY, = =1.07+0.1940.03 . .
0

[ L L L
w/ i .

B —n’et v ‘ ‘ — ' '
Dromwetve QM=0.94-0.95 20 oty <10

e Consistent with the some theoretical
calculations within 20
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Study of D° - K* utv,

D —» K*~ (K~ n%)u*v,

Phys. Rev. Lett. 135, 111803 (2025)

Phys. Rev. Lett. 134, 011803 (2025)

D° - K*~(Kdmn ™ )utv,

cQM 0.66 .
HMyT 0.62
LCSR 0571 )% bt
CLFQM  0.72+0.01 ol
CCQM  0.74£0.11 —
2. 066‘:’ 3313‘:] RQM 0.608
xUA 1.98 LQCD 0.62
HQEFT  0.59+0.10 ey
FOCUS 1.89+0.24 LEyQM  0.57 5
PDG 1.89+0.24 hQCD 0.631 5
BESIIT  2.073+0.039+0.032
| Thip Lettey 1.948:0.033:0,036 o) [hip Letgr 0614500050004 §

B(D'— K (892) 1V, ) (%)

PETETE A
0 05 1 15 2 25

3

0.1 0.2 03 0.4 05 0.6 07 08
A(0)

1.2 |

1.0

T T T T T

T
x This Letter|
+ CQM
HMyT
<% LCSR

0.8

]
B

0.6

0.4

T I T T l LI | I L I LI

% CLFQM
4 CCQM
* RQM

A LQCD
£ HQEFT
% LEyQM
% hQCD

1 [ 1 1 I 1 1 | I 11 1 I 11

1 " L s L 1

1.0

* Important input for theoretical calculation

1.5 2.0

L 600 4 3
= &
() s
[G] 3 4o
= 400 4 3
= <
S =
=4 3 200
Z 2004 - =
g g
& I

o

0.6 0 | e T

My 10 (GeV/c?)
600( -

b © L T
S oo 1 2
E E
5 () ) 5,
& 2000 4 &

g 205 0 05 g

cos@y

Theory B (%) ry rs

LCSR [7.16] 201505 1.39 0.60

YUA [17] 1.98
CCQM [6] 2.80 1.224+0.24 0.92 +£0.18
CQM [8.18] 3.09 1.56 0.74
LFQM [9] e 1.36 0.83
HM,T [10] 1.60 0.50
Experiments B (%) ry r

BESIII [39] e 1.46 +0.07 £ 0.02 0.67 £ 0.06 £ 0.01
FOCUS [11] 1.89 +0.24 1.71 £ 0.68 £ 0.34 0.91 +0.37 +0.10
|This Letter 2.073 £0.039 £ 0.032 1.37 £0.09 £ 0.03 0.76 £ 0.06 £ 0.02 I

2025/10/25
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Charmed mesons hadronic decays

% Measurements of the BFs

e Important component of heavy-flavor physics program
* Prob and calibrate non-perturbative QCD

e Understand SU(3) flavor symmetry and breaking effect
» Test theoretical calculations of BFs

% Amplitude analysis of multi-body decays

* Information of D - VP,PP,SP,SV,VV,AP,AV,TP ...
e Light hadron spectroscopy

® Quantum correlation and hadronic parameters

> C(DODO) — (_1)n+1
> [PRD 15, 1254 (1977)}

P: pseudo-scalar
V: vector

S: scalar

A: axial-vector
T tensor

> etem — DVDP + m(7n0) + n(y)

2025/10/25 22 /5 £ E EREBEFCPRIATAITS
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BF of D°, D*, D{ hadronic decays

% D decays:

JHEP05(2024)335, 7.33fb~1@4.178 — 4.226GeV

Mode

Acp (%)

Df — KQK+7°

D — K2K%n+

1.502 = 0.012 = 0.009:
5.49 + 0.04 +0.07 :

1.47 £ 0.02 £ 0.02
0.73 £ 0.01 £ 0.01

0.29 £0.50+0.21
0.48 £0.26 +0.24
—0.85+£1.97+£0.46
1.14 +1.58+0.44

Df - K¢K+ntn~
Di — K¢K—ntnt
Df - atata—
D — 7ty

Df — 7tx0y

D - atatay
D — 7ty

DF — ntal)

Df — Kontrb

D - Ktrxta—

0.93 £+ 0.02 £ 0.01
1.56 £+ 0.02 £ 0.02
1.09 £ 0.01 £ 0.01
1.69 £ 0.02 £ 0.02
9.10 = 0.09 £0.15
3.08 = 0.06 £ 0.05
3.95 + 0.04 £ 0.07
6.17 £ 0.124+0.14
0.51 +0.02 £ 0.01

0.620 % 0.009 £ 0.006

2.00 £2.374+0.70
—0.24 +£1.05£1.07
—0.88 £1.17+£0.38
—0.44 +£0.89£0.19

1.05+1.45+0.62

242 +£2.854+0.78
—0.59 £0.76 £0.20
—1.60 £2.57+0.64
—2.17+£4.654+1.10

1.81 +2.01+0.45

* Consistent with the world average.

% DY, D7 decays:

PRD 111 (2025) 092005, 20.3 fb~1@3.773GeV

Signal decay

Bsig ( 10_4)

chight ( 10_4)

Bppg (107)

DY - K"K ntntn

D" - ¢rntxta

DT > K2K+7r+7z"n'°

D" - K%K 'n,,
Dt — KK+
D' - KYK'w

ata a0

0.66 £0.11 £0.03
0.54 £0.19 £0.02
251+£034+0.14

2.17 £0.24 £0.08
290+£0.59 £0.15
2.02£0.35+0.10

227 +£0.22 £0.05

23£1.2

1.8 +£0.5

PRD 112 (2025) 012001,

7.9 b~ 1@3.773GeV

Signal decay

Bsig ( X 10_4)

Brocus(x107)

D’ - K 3z 27~
D’ - K2zt n27Y
Dt - K 3z 7 2"

1.35+£0.23 £0.08
190+ 1.1 £ 1.5
6.57 £ 0.69 £0.33

22£05+£03

* Precision has been significantly improved.

2025/10/25
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Amplitude analysis of D} - ntn* ™’

Phys. Rev. Lett. 134, 011904 (2025)

& Observe of D — f;,(980)p(770)*

B(Df — ntntnxw hmln)::

B(DE —nrt) =

(2.04 £ 0.084tat. = 0.054yt.)%
(1.5640.095tat. £0.04syst. )%

Taking from D} - KK m*

BESIII, PRD 104, 012016 (2021)

Component

Phase (rad)

BF (107%)

fo( 1 370)/)

fz(l??O)
( + 0)5
(p(1450)* )
(0" p(1450)°) p

aue ((pr) _>ﬂnl7r“d) LTTECTTTCUPIETRPED T R N RN TR
af(pan*) ............................ R R e R e S R 2

al((pr)s — ntn~n)nt

7(1300)°((pr)p = 7t m~ 7))t

0. O(ﬁxe(l)

1.11 £ 0.10 = 0.10
1.10 £0.18 £ 0.10
0.43 £0.18 £0.17
4.58 £0.16 = 0.09
2.90 £0.15 £ 0.18

4.82+0.15£0.12
2.22 +£0.14 £ 0.08

5.08 4+ 0.80 £+ 0.43

1.94 + 0.36 £+ 0. 12
0.71 £ 0.25 £ 0.12
0.94 & 0.27 £0.16
1.75 £ 0.27 £ 0.08
5.08 £ 0.32 £ 0.10

1.29 £ 0.39 £ 0.24
2.39 £0.48 £0.45

Deviates from PDG
value (0.31340.010)

We-annihilation decay

BF = (1.92 £ 0.30) x 1073

(PDG)

Events / (15 MeV/c?) Events / (15 MeV/c?)

Events / (15 MeV/c?)

100;
805
602
40-
20/
0:

150-

‘ — Data
— Fit
Il Background

0.5 1.5
M(m**) (GeV/cz)

£6(980)

100-

6]
|ow T

onnn

0.5 1.5
M(mm) (GeV/cz)

Events / (15 MeV/c?)

200~
150-
100~
50F
0

0.5 1 1.5
M(r*0) (GeVie?)

2025/10/25
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Amplitude analysis of D} - KK} n*

Phys. Rev. Lett. 135, 161902 (2025)

& Measurement of ¢ > KJK) g
Z 200
Bt k00 p = (1.86 £ 0.065tar & 0.0035ys1)% :
Amplitude Phase (rad) BF (%) 2‘”"
DF S gt 0.0(fixed) 1.32£0.05 £ 0.04 2 !
D — K?K*(892)" 0.6840.174+0.21 0.42 £ 0.03 & 0.03 T RN E B
D} — K3K*(892)" —2.40 +£0.18 4 0.31 0.31 £ 0.02 + 0.02 M, (GeVTIE)
B(4(1020) — KK} L e )
(001020) = KSKL) _ ) 507 + 0.023u0a0 + 0.0184yms = 0.016ppc TR 3
B(¢(1020) - K+K~) 3 KUK (892)" 2
'_\ \ Deviates from PDG value = = (1020 g
Taking from PDG (0.740+0.031) by >30 2 :
a5 3 i
. . 2, 0 (GeVc*
@ First observation of K{ — K asymmetry o Mea @V
B(DI—KSK*(892)")—B(Df K} K*(892)"1) % %
B(Dj‘—)KgK*(892)+)+B(D;"—>K§K*(892)+)_( 13.4 £ 5.05tat + 3'4Syst)% S 200 ©
Model DAT(F4) DAT(F1') < ~
DF — K°K*t —0.164 4+ 0.032 —0.159 4 0.028 B [, ) 5
2 05 I 5 s

—
Predictions by H.-Y. Cheng et al., PRD109, 073008 (2024)

Mi{"n* (GeVz/c“)

)

w
|vvowxx

SRR
| Ll
0.5 1

M2, . (GeVic)

Ll [
1.5 2

53
\YOYI\

|Ov T

+

S — 1 L s
1.02 1.04 1.06
Mi("K" (GeV2/C4)
SR

05 i
2 2
M2, (GeVich)

15 2
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Amplitude analysis of D} - n*n*n n'xn®

Df

s

T

S <

A

Pure W-annihilation Pure W-external emission

& Polarization puzzle

Events / (10 MeV/c?)

Amplitude

BF (%)

D = p(1450)*2°, p(1450)*

— wrt

0.03
0.39 £ 0.04 09

Amplitude

BF (%)

D}[S] = a;(1260)%%, a,(1260)°[S] = p*z~
DF[P] = a,(1260)%*, a;(1260)°[S] = p*n~
Df = a,(1260)%%, a,(1260)° — p* 2~

0.01
0.23 + 0.02 +00!

0.50 £ 0.04 02

0.02
0.50 = 0.04 002

D{[S] — a;(1260)%", a,(1260)°[S] — p~z*
DF[P] = a,(1260)°p*, a,(1260)°(S] —
D = a,(1260)°*, a,(1260)° — p~x+

05 xt

+0.01
0.16 +0.02 ¥9!
0.17 +0.01 001

-0.01
0.33 4+ 0.02 002

-0.02

D} [S] - wp*

D} [P] = wp™
D} (D] - wp*

0.30 £ 0.07 ¥

0:25 £0.04 100,

004
0.52 £ 0.07 0%

u|D>S>P

Di — wp™

0.99 = 0.08 0%

D}[S] = a,(1260)*p°, a,(1260)*[S] = p*a°

+0.05

041 +0.05 1%

D [S] — ¢pt
D{ [P] — ¢p*

3.32 +£0.29 019

=0.17
0.63 +0.12 +005

D} — ¢p™

+0.21

+0.05
3.98 +£0.33 ¥021

DY [P] — a;(1260)p°, a;(1260)*[S] = p*x® 0.31 +0.04 302
D} — a,(1260)*p°, a,(1260)* — p*2° 0.73 £0.07 10
D} — b,(1235)*2%, b, (1235)*[S] = wr™* 0.53 + 0.05 iggg

D} — b,(1235)°z%, b,(1235)°[S] = wn®

0.05
0.72 + 0.06 19

Naive prediction: PRL 128,011803

transverse dominates than longitudinal in charm decays

Phys. Rev. Lett. 134. 201902(2025)

40

B(4(1020) —

K+K-

)

#
- 0.5 — 1
M, (GeV/e?)
FrerrrrrrrrrrrrrreT |—
wof- (4 10 3
: y
S0p- ++ —
o v ! \ .
0.4 0.6 12 0.
1:01: (GeV/cZ) nmoﬂ (GeV/c2) M 0 (GeV/cZ)
B T I T T
40'_(g) (1-1) ++ __ () (1-3) + { Dua
20} € ] — Fit result
— Background
2= 1 e
L7 f—— (GeV/cZ) M. o0 (GeVic?)
B(4(1020) - nt7a~7°
S>P>D (¢ ) ) = 0.222 £ 0.019tat £ 0.0164yst

Deviates from PDG value

(0.31340.010) by >3¢
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CPV in hyperon decay

General Partial Wave Analysis of the i P,
‘\ Decay of a Hyperon of Spin % A 2 ¥
< ) r4
! T. D. Lee* anp C. N. Yanc Pya L ol
¢ PP Asin®d ‘!j & + PAcosd
A Institute for Advanced Study, Princeton, New Jersey H
1

= (Received October 22, 1957)
4 Phys. Rew 108, 1645 (1957) ~

The amplitude of spin 2 baryon B; decay to a spin 'z baryon By

and 7: CP P-4 ot
A~So, + Po - i i ©
The decay parameters are defined as: ) f;p .' —

e sErrr T s YT sE+ PR
Two complex amplitudes: ¢ weak phase, § strong phase
S =xiS;ellPiton),  p =3lpel®i*oi)
Under CP transformation:
S = _zigiei(—¢f+5is), P = zipiei(—¢f+5f°)

_ 2Re(S7P) _2Im(S*P) |S]>— P @ 'V
p

=1l

A—r;

T T+

=1l

CP Ta+Ta a+a
If CP conserved: S =— —§ e Sheerables fa—ta a-a'’
- ) et pes

P—P ﬁ:}ﬁ:—ﬁ | —FB_FE“'B_B—
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CP tests at BESIII

% Polarized and entangled hyperon-antihyperon pairs enable CP tests in hyperon decays

BESIII: a hyperon factory

1.9x107 A4 1.0x10° A4
1.2 x 107 2920 0.6 x 10 2030
1.5x 107 Z*X~ 0.6 x 10 ZtX~
1.2 x 107 £°2° 0.6 x 10% E0%0
1.0x 107 £*E~ 0.8x10°% E*E-
1.5 x 10° 070"

10 billion J/3 2.7 billion (2S)

% Sequentially decaying multi-strange and charm hyperons enable

— Production and

— decay parameters

m

dr

b Angular distribution; =— 2
AV g d90<1+a¢cos 0

Transverse polarization:

eyl
) 8, Ve —
>( B
Y] /]

Nature Phys. 15, 631 (2019)
/1 — aj,sin (A®) cos Osin 6

Py(cos @) =

1+ a,cos®6

Phys. Rev. 108, 1645 (1957)

_ 2Re(S+ P) g = 2Im(S « P) - \/1—7a?-sin¢

a=————,8=
|S|2 + |P|? IS|2 + |P|?
A =a3+al_3 =¢B—¢E
cP 2y —ag’ cP 5

P and S are the P wave and S wave amplitudes in% - % +0

I
v

Production parameters:

(le, AD

Decay parameters: a, ¢
CP observables: Acp, dcp

% A combination of the two approaches enables
— Separation of strong and weak decay phases — More sensitive CP tests!

2025/10/25

£22 B2 E EKRYBFMCPIEIAHITS

18




CP tests at BESIII

* SM predicts small CP asymmetry.
* Sizeable CP violations prerequisite for Baryogenesis.

* Spin-carrying hyperons precision probe of CP symmetry.

BESIII:
? 5 - Nature Phys. 15, p 631-634 (2019)
= 2 - 7 Phys. Rev. Lett. 125, 052004 (2020)
e N @ Nature 606, 64-69 (2022)

:‘\/ @ Phys. Rev. Lett. 129, 131801 (2022)
® @ A

- Phys. Rev. D 108, L031106 (2023)
/ ® Phys. Rev. Lett. 133, 101902 (2024)
S Phys. Rev. Lett. 135, 141804 (2025)
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CP tests in =t — pn’

% Consistent with previous results but improved precisions .

% Sensitivity of Acp in 2t - pr? decay is further improved.

[ = Data: y(3686) = Data: J/y N
0.1 —Fit: y(3686) — Fit: J/y —_
B Phase space gl

Parameter This Letter Previous result [22]
e —0.5047+0.0018£0.0010 —0.508 £0.006+0.004
AD,,, —0.2744 +£0.00334+0.0010 —0.270+0.0124+0.009
i a —-0.975+0.0114£0.002  —0.998 +0.037 £+0.009
— 1 a 0.999+0.011+£0.004 0.990+£0.037+0.011

@z 0.7133+£0.0094+0.0065  0.68240.030+0.011
AD, 3656  0.42740.02240.003 0.379+0.070+0.014
(atg) —0.9869+0.001140.0016 —0.99440.004+0.002

PhyS. Rev. Lett. 135 141804 (2025) Acp —0.0118+£0.00834+0.0028  0.004+0.0374+0.010
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Renaissance on the charmed heavy baryon

* Before 2014, the charmed baryons 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).

® Large uncertainties in experiment= >Retarder
development in theory.

* Afterwards, more extensive measurements on charmed

baryons are performed at BESIII, BELLE and LHCb.

o The absolute BF measurements of Af —pK-t* at BESIII and BELL
o 'The observation of the DCS mode Af —pK*n at BELLE.

o The observation of the doubly charmed baryon E&} at LHCb.

® These experimental progresses have revoked the
activities in the theoretical efforts.

harmed baryon mass (GeV)

o

3.1 —

(a) Charmed baryons

. +
! Dl4vs0) — 0.8

A K

7 =(2980) —
24 (2940)

/2% A,(2880) ) 0.6

9 Eﬂ D) 3/2- 543@15)
= (27
Ao 1729 20) 3/2'Q_(2770)[
. v
x 1.2+ l
l — 0.4
372+ 542645)
12y 'E’c -

described by the
quark-diquark mod

Y
172+ i —0.2

Spectroscopy is well

el

— 0.0

2025/10/25 F22F £ EERYIBFCPRIF TS

21



The charmed baryon family

(a) Charmed baryons

* Singly charmed baryons . g
o Hstablished ground states: 0
At E, B, i ARx ]

? ”&:2980)

o Excited states are being explored

* Doubly charmed baryons( Ef") observed in Ak Y
recent year. = lzﬂapm 32 5.(2815)
* No observations of triply charmed baryons. & T 2eego
2 N v
§ “l LL‘ 04
-é? 32+ | ¥Z,(2645)
V' A¢ decay only weakly, many experimental £ oy | :
5 [ =

progress since 2014.
V2 BE: = Afn)~100%, BE. = Aty)?
v E¢ : decay only weakly; no absolute BF

y
12+ — (0.2

Spectroscopy is well
described by the
quark-diquark model

———————————————————————— — 0.0

measured, most relative to £ n"(n").

\/.Q.C:decay only weakly; no absolute BF

measured.
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A{: The lightest charmed baryon spectroscopy

* Most of the charmed baryons will eventually decay to A7.

* The A} is one of important tagging hadrons in c-quark counting in the productions
at high energy experiment.

* Naive quark model picture: a heavy quark (¢) with an unexcited spin-zero diquark
(u-d). Diquark correlation is enhanced by weak Color Magnetic Interaction with a

heavy quark(HQET).

* A7 may reveal more information of strong- and weak-interactions in charm region,
complementary to D/Ds

> st ->  Charmed
g > Charmed meson olrange baryon

.
= u
D* baryons
" (D*[cd]) [ — 24 (Aluds]) z\‘ (Ac[udc])
C

my << m_ = m,, My << mM; 2>
C quark + heavy quark S diquark + quark
(q) Q) (qa) (Q)

m,, My = Mg 2>
(ggq) uniform

2025/10/25 F22 @£ EERYIBRCPRIF TS 23



A weak decay picture in theory

® Contrary to charmed meson, W-exchange contribution is important.(No color suppress
and helicity suppress)

a

W .

v

(T) (®) ()
color-favored tree color-suppressed tree color-commensurate
factorizable fac + nonfac non-factorizable

: N/
4
(E) (B) (P)
W-exchange Bow tie penguin
non-factorizable non-factorizable neglected

® Phenomenology aim at explain data and predict important observables.
* Calculate what they can(HQET, factorization)+parametrize what they cannot + some
non-perturbations extracted from data=> explain and predict.

2025/10/25 225 £ EEKREFICPHIAAITS
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New data samples in 2020 and 2021

Two major changes in BEPCII machine:

e max beam energy: 2.30=2.35(2020)=> 2.48 GeV(2021)
* top-up injection: data taking efficiency increased by 20~30%
p-up 1nj g y y
AN, 5.5, Belle datafor AR, CPC46.113003(2022)
0.6 PRL 101, 172001 (2008) Siugle Eom MV Zanapna/pb
L 4610 4611.86+0.12+0.30 103.65+0.05+0.55
: 4620 4628.00+0.06+0.32 521.53+0.114+2.76
2 0.4+ 15 4640 4640.91+0.06+0.38 551.65+0.124+2.92
% : 4660 4661.24+0.06+0.29 529.43+0.12+2.81
— 4680 4681.92+0.08+0.29 1667.39+0.21+8.84
0.2 __ + +++ 4700 4698.82+0.10+0.36 535.54+0.1242.84
_ + H:H, + +H,+ ++ 4740 4739.70+0.20+0.30 163.8740.070.87
0 A AR, A R A 4\ AN __________‘}'_____j’___ 4750 4750.05+0.12+0.29 366.55+0.10+1.94
P ;1'6' '1"7' ' 'l"s' = ;"é' : 'é' L i“l' L ';'2" ' ;’,'% -y 4780 4780.540.1240.30 511.4740.1242.71
- ’ ’ ) JE > 4840 4843.07£0.20£0.31 525.16+0.12+2.78
M(Ac Ac) GeV/e 4920 4918.02+0.34+0.34 207.82+0.08+1.10
4950 4950.93+0.36+0.38 159.28+0.07+0.84
Available data for charmed baryons
v' 0.587 fb-1 at 4.6 GeV (35 days in 2014)
v 3.9 fb1scan at 4.61, 4.63, 4.64, 4.66, 4.68, 4.7 GeV (186 days in 2020)
v 193 fb'l scan at 4.74, 4.75, 4.78, 4.84, 4.92, 4.95 GeV (99 days in 2021)
o 8x A, data that those at 4.6GeV.(~0.77M A{ A7)
e accessible to X./EZ./A¢ prod. & decays
2025/10/25 $£22/F £ E EWRIEBFICPIIFAITS 25



AL BF studies

arXiv 2509.19141

T = = s = "
£oiMode BF(x107%) Experiment £ Aede BE(x10° %) Experiment Table 2.  Measurements of the BFs for the CF decays of the A} (in units of %).
23.745.1(37%)T  ARGUS(1991)[24] | Al —pK~etv. 0.88+0.18(20%)  BESIII(2022)[29] i
AF 5 Aetre 26.845.1(19%)7  CELO(1994)25] | A — A(1405)etve, 0.4240.19(45%)  BESIII(2022)[29] Mode BF Experiment | Mode BF Experiment
36.3+4.3(12%) BESIII(2015)[30] | A(1405)—pK~ Nuclson-mvalved
35.6+1.3(3.6%)  BESII(2022)[31] | A — A(1520)eTve 1.0+0.5(50%)  BESIII(2022)[29] Af —5pK 152£0.00  BESII(2016)(80] | G 1.82+0.25  BESIII(2017)[90]
A o At 34.945.3(15%) BESIII(2017)[32] | A —pK3n~etv, <0.33 BESIII(2023)[33] AF 5 pKY 1.67+0.07  BESIII(2024)(89] AsiSaniten 1.86+0.09  BESII(2024)[91]
34.841.7(4.9%)  BESIIN(2023)[34] | AT = Antn~etve <0.39 BESIII(2023)[33] AL - pKg(700)° — pK 7t 0.19+0.06  LHCb(2023)[86] | Ad 5 nK3ntn° 0.85+0.13  BESIII(2024)[92]
Af Setx 39.5+3.5(8.9%)  BESIII(2018)[35] | Ad —netve 3.57+0.37 (10%) BESIII(2025)[36] AL - pK;(892)° - pK~mt 1.3840.08  LHCb(2023)(86] | AY »nK-mtat 1.90+0.12  BESIII(2023)[129]
40.6+1.3(3.2%) BESIII(2023)[37] AY —pK((1430)° —» pK 7t 0.924+0.18  LHCb(2023)(86] A - K2 1.87+0.14 BESIII(2016)[80]
=, Modo BR(x10-%) Experiment =, Mode BR(x10-9) Exporiment A{ —A(1232)* K~ s prt K- 1.78+0.05  LHCb(2023)[86] + : ; 2.12:40.11  Belle(I1)(2025)[144]
B7L7T(56%)T  ARGUS(1993)26] | 20 =y, 10.122.11%)" Belle(2021)[38] Ad 5 A(1600)F K~ s prt K~ 0.28+0.10  LHCb(2023)(86] | AL —pKor 2.024+0.14  BESII(2024)[89)
44.3%19°0(40%)"  CLEO(1995)[27) =t ':Oe'*'v“ 67+£39(58%)"  CLEO(1995)[27 ASiep SIS ppr . 01000 RGO { f —pK§n gudone SeillEaiel
2052 etve So1n.8) 8 RS % (27) ‘ & 0.44+0.03  Belle(2023)[146]
19.745.3(27%)"  ALICE(2021)(39] A 5 pKYnta— 1.534+0.14  BESIII(2016)[80]
10.4+2.1(20%)1 Belle(2021)[38] A 5 pKQnta— 1.69+0.11  BESIII(2024)[89]
Q2 Mode Ratio Experiment Q2 Mode Ratio Experiment AF o pK- 6.841032 Belle(2014)(81]
0 o0t 2.4+1.1(47%) CLEO(2002)[28] | Q9 —Q0utw, 1.9440.21(11%)  Belle(2022)[40] 5.84+0.35  BESII(2016)(80]
S etve: oo B 453+038  BESII(2016)(80]
4 .15(7.7%) Belle(2022)[40] Af 5 pK-nta®
4424021  Belle(2017)[147)
A-involved
Table 3. The determined BFs for the CS decays of the A} (in units of 10*). Upper limits are set at 90% AF o At 1.24+0.08  BESII(2016)(80] | AL — Ax*x® 7.01+£0.42  BESII(2016)(80]
confidence level. 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)
Mode BF Experiment | Mode BF Foxperiment A = Aag(980)* 1.23+0.21  BESIII(2025)[94] 1.94+0.13  BESIII(2025)[148)
Nucleomimalved AF = A(1405)7t - pK -7+ 0.48+0.19  LHCb(2023)(86] | A} — Anta—at 3.81+£0.30  BESIII(2016)[80]
A onet 0662013 BESII2022)126] | AY k' 2® 071 BESII(2024)[107] Ad = A(1520)7F - pK 7t 0122002 LHCb(2023)[86] | 4 )\ po s 0.30+0.03  BESIII(2025)[134]
Py BESIN(2017)(117) | A7 —nxta® 0644000 BESII(2023)(129) A} = A(1600)7+ — pK ~ 7+ 0.32+£0.12  LHCb(2023)(86] = o 0.31£0.05  BESIII(2025)[108]
AF o pe <008 Belle(2021)[108] | AT —+nKIK* 0.3970 17 BESII(2024)[91] AL 5 A(1670)rt 5 pK 0.07+0.02  LHCb(2023)(86]
0161000 BESIIN(2024)[118) | AT s nxtn—xt 0.45+0.08  BESIII{2023)(129] AF 5 A(16TO)F > At 0.27+0.06 Belle(2021)[95]
0.18+0.04 BESIII(2025)[119) AF et 3.91+0.40 BESII{2016)[127] < al L 0.2740.06 BESIII(2025)[148]
1.24£0.30 BESIII{(2017)[117) 4.72+0.28  LHCb(2018)[138] Al > A(1690)7t - pK 7t 0.07+0.02  LHCb(2023)[86]
142012 Belle(2021)[108) | AT = pK* K- 1.08£0.07  LHCb(2018)[138] T T —
At opn 1572012 BESIIN(2023)(120] | A7 —+p(K*K )pomg _ 0.55+0.14  BESII{2016)[127] Ad - AQ000)7 — pK 0.60+007  LHOb(2023)(86]
1.63+0.33 BESIII(2024)(118] | AT —pKIKY 0.2440.02  Belle(2023)[146) S-involved
1.67£0.80 LHCb(2024)(121) | AT — pe=” <0.15 Belle(2017)(147] Al 5 5t+x0 1.1840.10  BESIII(2016)(80] At o Shatae 4.25+0.31 BESIII(2016)(80]
At Sy 0.56%531 BESIN(2022)123] | AY — (pK K- x")yn <006 Belle(2017)[147] 0.41+0.20  BESIII(2018)[96] | ~© 4.57+0.28  Belle(2018)[149]
0.47£0.10 Belle(02)[122] |\ | s - 016002 Belle(2016)(137 A5zt 0.31+0.05  Belle(2023)[98] | Ad > 5+ a0x0 15740.15  Belle(2018)[149]
Al pe 1522044 LHCb(2024)(121] 0.10+001  LHCH(2018)[138] 0.38£0.06  BESII(2025)(97) | Af —50r+70 3654030  Belle(2018)(149)
. 2:: :2?? iﬁ:ﬁlz)llszll 1.34+0.56  BESIII(2018)(96] | AL —x%xty 0.7640.08 Belle(2021)(95]
Ad o po 1114021 BESIII(2023)(120] A ozty 0.42+0.09  Belle(2023)[98] | A} 5 X-rwtat 1.81+0.19  BESIII(2017)[105]
0.98£0.31 LHCb(2024)[121) 0.57+0.18  BESII(2025)[97) | A} »S-atatal 2.11+0.36  BESIII(2017)(105]
Al s po 1.06£0.22 BESIII(2016)(127) A ostw 1.56+0.21  BESIII(2016)[80] | Al 5> EtK+tK~ 0.38+0.05  BESIII(2023)[150]
A-involved AroEtg 0.41+0.09  BESII(2023)[150] | A¥ 5 S+K+K, . 0204004  BESII(2023)[150]
A S AKH 0.620.06 BESII2022)[131] |\ prs 0 <20  BESIHI(2024)(107] At o 20t 1274009  BESIII(2016)[80] | Al —SOKSK+ 0.08:£0.03  BESIII(2025)[108]
0.66+0.04 Belle(2023)[132] 1.49+0.29  BESIII{2024)(135] e 1.2240.11  BESIII(2023)(126)
240+0.59(00=0°)  BESII(2025)(134) | AT 5 AKSxt 1.73+0.29  BESII{2025)(134] AT - 5(1385) 0 0.59+£0.08  BESIII(2022)[93]
A S AK*T 52130.75(00 = lUB:) BESIII{(2025)(134) AL S AK x R 0.41£0.15  BESIII{2024)[135) 0.91+0.20 BESIII(2019)[94]
— 1.2030.44(60 =221°)  BESIII(2025)[134] A o 5(1385)+y — Bello(2021)/95]
involve
AF o EOKE 0.47£0.10 BESIIN(2022)(133) | A7 5 St K=~ 2.00+0.28  BESIII{2023)(150] AT S R (138 E'Zziz'gz 1238131((2:(3:2))[[1;‘8]]
¢ 0.36 £0.03 Belle(2023)(132] AP S ETKTx a0 <0.01 BESIII{2023)(150] < . .
Al 5Btk 0.48£0.14 BESHI2022)(133) | 4 | opi o <18 BESII{2024)[107] E-involved
- <050 BESII(2024)[151] AF 5 =0K+ 0.59+£0.09 BESIII(2018)[106] | AY —Z0K+x0 0.780.17  BESIII(2024)(107]
AL SRt <065  BESII{2024)[151] . 0t 0.50+£0.10 BESIII(2018)[106] | A} —Z0K %+ 0.37+0.06  BESIII(2025)[108]
AL R Ktat 0.38+0.12  BESIII(2024)(136] & = E(1530)°K 0.604£0.11  BESII(2024)[107]
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AL decay asymmetry studies

arXiv 2509.19141
Mode « Experiment Mode « Experiment
Nucleon-involved AT — A(1600)7t 0.2+0.5 LHCb(2023)[91]
AF S KO _075f3ﬁf LHCb(2024)[160] AF -5 A(1670)r+ 0.8240.08 LHCH(2023)[91]
—0.92700s  BESIII(2025)[159)] 0.2140.43 BESITI(2025)[153]
AF — pKE(700)° —0.140.7 LHCb(2023)[91] | AF — A(1690)7+ 0.958 +0.034 LHCb(2023)[91]
AF — pK(892)° 0.8740.03 LHCb(2023)[91] | AT — A(2000)7+ —0.57+0.19 LHCH(2023)[91]
AF — pK(1430)° 0.3440.14 LHCb(2023)[91] | S-involved
AF = A(1232) K- 0.5540.04 LHCb(2023)[91] | & <\ o —0.48+0.03 Belle(2023)[103]
AF = A(1600)TTK~  —0.50+0.18 LHCb(2023)[91] ¢ —0.59+0.05  BESIII(2025)[159]
AF = A(1700) K- 0.2240.08 LHCb(2023)[91] | Af =Xty —0.99+0.06 Belle(2023)[103]
A-involved AF =Sty —0.4640.07 Belle(2023)[103]
—0.78540.007  LHCb(2024)[160] | | o —0.46+0.02 Belle(2023)[137]
Af = Axt —0.75540.006  Belle(2023)[137] ¢ —0.50+£0.08  BESIII(2025)[159]
—0.79040.033  BESIII(2025)[159] | A —£(1385)F 7%  —0.917+0.089  BESIII(2022)[98]
AF S AKH —0.59+0.05 Belle(2023)[137] | Al —=(1385)1y —0.61+£0.16  BESIII(2025)[153]
—0.5240.05  LHCb(2024)[160] | Af —>(1385)%7+  —0.7940.11  BESIII(2022)[98]
AF — Ap(770)+ —0.7634+0.070  BESIII(2022)[98] | A — 20K+ —0.54+0.20 Belle(2023)[137]
AF — Aa(980)F —0.911029  BESIII(2025)[153] | E-involved
A — A(1405)7t 0.5840.28 LHCb(2023)[91] | Af ==K+ 0.0140.16 BESITI(2024)[161]
AL — A(1520)7+ 0.9340.09 LHCb(2023)[91]
Mode B Experiment Mode o' Experiment
AF At 0.37840.015  LHCb(2024)[160] AF o At 0.491+0.012  LHCb(2024)[160]
0.370-51 BESIII(2025)[159] 0.6479 30 BESIII(2025)[159]
AF 5207t 0.7070 18 BESIII(2025)[159] | Ad — 207+ —0.507059  BESIII(2025)[159]
AF -2+ 0.7670 53 BESIII(2025)[159] | Al —S+a0 —0.26753%  BESIII(2025)[159]
Al - 20Kt —0.6440.70  BESIII(2024)[161] | Al ==K+ —0.7740.59  BESIII(2024)[161]
AF s AKT 0.3340.08 LHCb(2024)[160] | Af — AKT —0.79940.041  LHCb(2024)[160]
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Recent studies on the AT measurments at BESIII

Semi-leptonic decay

v Form factors of A —Ae*v, and Au*v, PRL129, 231803 (2022); PRD108, L031105 (2023)
v A > pK-etv, PRDI106, 112010 (2022)
v Search for A} - Antn~etv, and pK;t~ et v, PLB843, 137993 (2023)
v A > netv, Nature Commun. 16, 681 (2025)
Neutron-involved decay
v A 5 nmt PRL 128, 142001 (2022)
vV AF s anta®, notntnT, nKntnt CPC 47, 023001 (2023) (Cover Story)
v Af - KKt PRD 109, 072010 (2024)
v A S I Kt PRD 109, L071103 (2024)
v AF - nKrtn® PRD 109, 053005 (2024)
Hadronic CS decays
v A 5 pr®, pn, pw JHEPI1, 137 (2023); PRD09, L091101 (2024); PRDI11, L051101 (2025)
v Ar sy PRDI06, 072002 (2022)
v A 5 AKF, AK*O, ARt PRDI06, L111101 (2022); PRD109, 032003 (2024); PRD111, 012014 (2025)
v AF 5 ITK, SOKT(n ntnT), SYK T PRDI106, 052003 (2022); JHEP0Y, 125 (2023);arXiv:2502.11047
v Hadronic CF decays e&
v' PWA of Af - An*ni® and Art™n JHEP 12, 033(2022); PRL134, 021901 (2025) . S\\‘
v' W-exchange-only process E°K* PRL132, 031801 (2024) “\\
v A - EOK 70 PRD109, 052001 (2024) Q“
v A - pK,, pK,® pK,mtn JHEP09, 007 (2024) (“@
Inclusive decay (S
v" Improved BF of Af —e*X PRD107, 052005 (2023) Qe’
v First BF of A;—nX PRDI108, L031101 (2023) Q“
v’ First BF of A;—K%X arXiv:2502.20821 7733
Rare decay
v oA syst PRDI07, 052002 (2023)
Production and excited A}
v’ AF A7 lineshape and form factor PRL107, 052002 (2023)
v A, (2595)* and A, (2625)* PRDI09, LO71104 (2024); PRD109, 112007 (2024); arXiv:2503.21413
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Recent studies on the AT measurments at BESIII

o Af leptonic decays
OA; - Aeve, Aptv,
OAf - pK~etv,
OAf - XeTv,
OAf - netv,

e A{f hadronic decays(two body)

: PRL 129.231803 (2022). PRD 108.L031105 (2023).
: PRD 106.112010 (2022).

: PRD 107.052005 (2023).

: Nature Commun. 16, 681 (2025).

O Af »nnt/ : PRL 128.142001 (2022).
O A — pr/ . PRD 106.072002 (2022).
O A = pn, po . JHEP 11.137 (2023).
O Af - 2Kt/ : PRL 132,031801(2024).
O A -2t/ : arXiv 2505.18004 (JHEP accepted).
O At - pn® . PRD 111, L051101 (2025).
O Af - pK2, A, 20,2720 : arXiv 2508.11400.
e A{ hadronic decays(multi-body)
O A, - nX : PRD 108.L.031101 (2023).
O At - KOX . JHEP 06.194 (2025).

O Af > nK9n*tr®
O A > Antn
O Af - 20Ktn0 20K +tntn—
O A - AKOK™, AK* AKOm™

: PRD 109, 053005 (2024).
: PRL 134, 021901 (2025).
: CPC 49, 073001 (2025).

: PRD 111, 012014 (2025).
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Form factors

of AL - Ae™v,

PRL 129,231803(2022)
1253 +39 s
3 150} 200t
(=3
/ 300 +aata = 100 2150
L 14 > — total fit S *Le 2100
g,: (q.')) A= Auh E| * sof :
S s Al Ay, g
— i .. a 0.5 1 05 0 05
% ______________________ (=} 200 <= Af— An*n® 2 (GeVct) cos0,
S L2 P sl other bkgs ! ’
S e 2 ) TR
E. ---------- =] B
= S 100 g 1507 ‘ : & 1501 .
/ = 2 100} 3 100
] + -]
_ //,,/ / £l
2 0.1 0.2 0.1 0 0.1 02 o5 0 05 > 0 >
m|ss (GCV) cosb, (radians)
1
3+ DATA: Al /\e’ve
----- DATA: A= Ae'v, P +LQCD: A A€ = 08 > 4
02 LOCD: A% Ae, g GO e
B - o
> ceeserzrrzzrress u""
© e feras
O 0.15 Lo
& P & (GeVicd) 2 (GeV¥ch)
% 0. sk ] 1
] /., o
= o~ ; q:;‘;,p o 08f s —M{.(...
o = e ) 7.
e 3 Lt | T
0.5 b ™™
0 , : . : ' l 0 05 1 %45 0.5 1
0 02 04 06 0.8 1 12 7 (GeVileh) 7 (GeVaIc)
g2 (GeV¥ch)

* BFis updated to be B(Af — Ae*v,)= (3.56 + 0114 + 0.07Syst)%=>precision improved.
* Helicity amplitude deduced form factors can be extracted with 4D fitting to data.

* The differential decay rate is roughly consistent with LQCD calculation while discrepancies can be noticed on FFs
show different kinematic behaviors.

* |Ves| element from charmed baryons is measured to be 0.936 + 0.0175 + 0.024,¢cp £ 0.007;
consistent with the value obtained in charmed mesons decay.

, which is
Cc
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Form factors of A — /1,LL+VM

B T L T T T

W
i

© 0.15[,

g :5 ----- -:i' 5
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> ©
N —
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dIr/dq? (ps

0,

0 02 04 06 08 1 12
4% (GeV?)

dI'/dg? (ps'GeV?)

0

0 02 04 06 08 1 12
4% (GeV?)

L4f
12

0.8

S 5o ;.',"F#:;F—*:':L—.}—-

0 0.5 1
q* (GeV?)

Events/0.01 GeV

[\%)
=

=

—+ data
— total fit
“es A An'n®

=:=nonres bkgs

02

0.1 0 0.1

-0.2
U i (GeV)
o2k AN
¢ -o.gw' s "T)F
04} ; frespege
0 05 1

0 0.5 1
q* (GeV?)
4-
s F 2 AR
= _+.1....F.._T_,=¢—,_.‘L...
0 0.5 1

arc

dg*dcos@,dcos,dy  2(2x)*

24M3

_ G%7|Vc:|2 . qu(l - m%/qZ)Z {

PRD 108.L031105 (2023)

< (1 =cos)*|Hy [*(1+ acosd))

3
8

3
+ §(1 + cos )*|H_y_[*(1 — as cos 6,)

4

3. 3
-+ sin?6,[|Hyg[2(1 + an cos 6,) + [H_io[*(1 — apcos6,)] + =

2V/2

x [(1=cos@)H _1gHy + (14 cos6y)HiH 1 ] + 'Hm;},

f1(¢%

f, (@

0 05

¢* (GeV?)

1

0.9

& 08

e 0.7

0.6

-
o
»
»
+*

0 05 1

¢* (GeV?)

S
apcosysind,sind,

BF is updated to be B(AZ - Aptv,)= (3.48 £ 0.145.4¢ £ 0.105y5,)%=>3times more
precise than prior results.

Lepton flavor universality are reported (0.98 + 0.055;4+ £ 0.03 Syst) =>compatible with
Standard Model(0,97).

Form-factors parameters forAf — Al*v, are determined to test and calibrate for LQCD.
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First observation of A7 — nmw™

PRL 128.142001 (2022).

N(nm)=5049

|
4 “Péqb .4

¢ data

weus \‘ mn

Events / 10 MeV/c?

2

IIIIIIIIIIIIIIIIIIIIIIIIII

|
13

1 1.1 12
M, (GeVicd)

Events / 10 MeV/c?

09 1 1:1 1.2 13
M,.. (GeV/c?)

* First singly Cabibbo-suppressed A} decay involved neutron was observed(7.30).

*  Absolute BF is measured to be B(AF - nwt)= (6.6 £ 1.25,4; + 0.45,5,)x107%.
=>Consistent with SU(3) flavor asymmetry prediction[PLB790,225(2019), |
=>twice larger than the dynamical calculation based on pole model and CA[PRD97,074028(2018)]

* B(A} > An*)=(1.31 £ 0.0844, * 0.05,,5,)x10~>=>Consistent with previous BESIII results
© B(A} > X°n%)=(1.22 £ 0.0844, * 0.07,,)x10~2 =>Consistent with previous BESIII results

__ B(Af-nnt)

= S 7.2@90%C. L. (B(A} —» pn®)< 8.0x107> @90% C.L.from Belle)

=>Disagrees with SU(3) flavor asymmetry and dynamical calculation (2-4.7) while in consistent with SU(3)
plus topological-diagram approach(9.6).

° R
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Decay asymmetry for pure W-exchange process Af —» Z°K*

_ o PRL 132,031801(2024)
Theory or experiment B(A} - Z°K*) azok+ A |B| 5y — 0

(x1073) (x1072Gp GeV?) (x1072Gx 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), SU(3) [12] 5.7+£0.9 0.9479-99 2.74+0.6 16.1+2.6 -
Zou (2020), CA [5] 7.1 0.90 4.48 12.10 -
Zhong (2022), SU(3) [13] 3.8103 0.9170.03 3.2+0.2 8.7+0:6 -
Zhong (2022), SU(3)® [13] 5.015:5 0.99 + 0.01 3.3%5:2 12.3112 -
BESIII (2018) [14] 590 +0.86+0.39 - - - .
PDG Fit (2022) 3] 5.5+ 0.7 - - - -
At - EOK* is pure W-exchange process which have significant € - % - s
contributions in charmed baryon decay. Ardd— W u (=’
c C§
Nonfactorizable W-exchange diagram cannot be calculated using (u - K
theoretical approaches. u - u}
=0
c —> > S (=
Long-standing puzzle on how large the S-wave amplitude. A% §W+ s
d — > Z}K+
Experimental measurement of decay asymmetry is crucial and
urgent_ FIG. 1. Feynman diagrams for A} — Z°K ™
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Decay asymmetry for pure W-exchange process Af —» Z°K*

PRL 132,031801(2024)

_ 2Re(s*p)
[s[2 + |p[*’

2Im(s*p) _Is]2 = |p|?

BB = 5115 TYTBP = T 5 1 19
|s[? + [p|? |s? + |p|?

app

Level Decay Helicity angle Helicity amplitude
0 efe” 5 AT(M)AZ(X2) (60) Axyng
1 AF -5 E°N) KT (61,61) B, CM frame A rest frame
2 20— A(Ag) 7° (62,02) Cx,
3 A — p(As) ™ (63,03) Dy,
dr

dcosfy dcosfy dcosfz dcosfs dpi depo dos
o« 1+ aocoszeo
+ (14 aocoszeo) Q0 jo+ O p 0 COSO2

+(1+ aocos200) Q0 ot gy — cosfzcosf3

+(1+ aocos290) aA"oap",cosﬁs

\/1— aiﬂo apﬂ,siné’zsinegcos(AAﬂ,o + ¢3)

1-— a% sinAosinﬂocosé’gaEOK+ sinf;sing;

|
—
=
+
Q
S
o)
[}
@
S
>
S
N
Q
]
°
=
T

+

+

1-— a% sinAgsinfgcosfpa ,  05ind;sing; cosby

=0 rest frame A rest frame

_ sinf1sing; cosfs

+

2 sinAgsinfocosfozo g+ 0 0 a,.

+

1— a% sinAosinﬂgcosegapﬂfsin91sin¢10059200503

2 sinAosinegcoseom ozpﬂ_sin91sinqﬁlsinﬁgsinechS(AAﬂ.o + ¢3)

2 sinAgsinfgcosfg m o, ocosprsinfasin(Dgo o+ + ¢2)

1-— a% sinAgsinfocosfp /1 — aéok+ oy 0cosfisingsinfacos(Dgo 4 + P2)

H sinAosin%COS%m a,,,— cosf1sing1sindacos(Ago j+ + $2)cosfs e The ]Olnt angular dlStI"lbutIOI’l fOI‘ A'é‘ -
2 sinAosingocoseg@ apﬂ_cosqblsinegsin(AEoK.;. + ¢2)cosb3 E 0 K+ iS derived based On heliCity
2 sinAgsinfycosfy mm @, — cosbisingisin(Ago g+ + ¢2)sindssin(A, o + ¢3) .

2 sinAgsinfgcosfp /1 — a;oKJr A/1— aiﬂo a,,.— cosfsing; cosfzcos(Ago jo+ + ¢2)sinfzcos(A, o + ¢3) amplltUdeI

2 sinAgsinfgcosfo mm Q. — cos¢1c0s(Ago g+ + H2)sinfssin(A, o + ¢3)

+4/1— a% sinAgsinfocosfp /1 — aéok+ y/1— O‘i,rﬂ [ cos¢1cosfasin(Ago g+ + ¢2)sinfzcos(A, 0 + $3)

+

+ o+
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+

+
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Decay asymmetry for pure W-exchange process Af —» Z°K*

cosd,| v PRL 132, 031801(2024)
o + —— Fit - .
Mfﬂﬁi,,ﬁ EBKG ° From the fit, we obtain azog+ = 0.01 £ 0.164,; *
Mis-reconstructed
0
o cos{} G.ng; and )/EOK+ - _0-77 i O-58Stat i O-llsyst
; 40;{*f$’+*_?+&+$_**_1 40~
% 20 ¥ + 20 L. .
§ ety e ° agog+isin good agreement with zero=>strong
€0sO,  wr : ’, identification for theoretical predictions.
a0f } 3 40%%
bttt S ¥
200 F + «E 20
@ cosd,| @ t 9 r_ BAE > E°K") _ |7 [(mAj + mzo)® —mi, AP+ (my+ —mezo)? —m3, |B|2]
40M 4OW Ta+ 8m m12\+ mi_,_
b + b + c c c
O Ry L 2nlA||Blcos(s, — 6,)
' (l)’f)lar z:)ngle ’ ' ’ Azi:nuth aI:gle ’ 0K |A|2 + K’2 |B |2 ’
2k|A||B|sin(d,, — ds)
e AR TIONRERE, s s Ao+ = arctan |A]2 — k2|B|2
E‘V‘ aEnK‘(BESIII)&BF(PDG) = ¥
L e pee o
05— ¢ by . .
L E e * Especially, cos((Spl — 0s) is meas.ured to close to
o J " zero.=>not considered in previous literature.
3 0 mO ® VvV :a L 2 :
E ¢ Sharma(1999), CA . .
0550 St * Fills the long-standing puzzle on how to model azoyg+
C L Thomgauaay SUGP and B(Af — Z°K™*) simultaneously.
= 2 4
Branching Fraction(x107)
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Observation of AT — Aa,(980)"

PRL 134, 021901 (2025)

200 L —+ Sweighted data
- ~~ =
"/E: “E B — Total fit Y |
> S 200 — Aa,(980)* = 100
[} | (o} i ANR .(t*n) L i
@) @) - v @)
;) S
() S i i - =) [
S i S 100 [T Total interference S 50 i
~ i ~ i + ~ -
2 2 B 2 L
£ oFs 2 1 PRSI o e v ol & [
5 5 [ #7] ~H] 5 o
84 m = m L
0.7 0.8 0.9 | 1.1 1.3 1.4 1.5 1.6 1.7 .
M., (GeV/c?) M,_. (GeVic?) M, (GeV/c?)

AF —nageso)t|? AL —hag(9s0)F 2 2Re( AjlaAao(gso)Jr A;‘;HAQO(QBO)+*

1o —1lo0 1,
Ohan(950)+ = [ T o T = T o T gACLMWBO)+ +, Process FF (%) S a

5.0 -%.0 0,% 1,3

sl st g (ot i) Aag(980)F  54.0+£84+£2.6 131 —091018 £0.08
(&3 +n = ] 7 = p] 2
B0 = L T o [ L 0 S(1385) 304 £2.6£0.7 2256 —0.61 £ 0.15+ 0.04
HA;"—»A(mvo)«‘*’ 2 HA;*'—»A(mm)w‘*' 2 2Re<gA3’—>A(167O)w+ gAj—»A(levo)«‘*'*) A(1670)7Z'+ 14.1 :I: 2.8 :t 1.2 1170' 0.21 :t 0.27 i 0.33

3.0 -3.0 _ 0,3 1,3
Ar(@670)mt = HA;:"A»A(1670)1\'+ 2+ HAZ—%A(1670)1\'+ 27 | Af—aeroyxt 2+ gAiaA(lGﬂO)w‘" - /\]N']R()wL 15.4 :t 53 6.76 e

%,0 —%,0 0,% 1,%

» Partial wave analysis can also extract the decay asymmetry.

> More efficient!
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+ +.0
W —
P A for AC An (| JHEP12.033 (2022)
L *BDatzII( q s
a [J Backgroun a < B
R 1000+ — Total fit 2 § 400 -
s [ — Ap(770)" % 400 3
O - — NR(m*n")A ) - -
- | — a°5(1385)" o 3
38 | a93(1670)" «© < i
< — 2%(1750)" = - =
gz 500 | ﬂ+2(1385)0 :/ 200 o ; 2007
F— n*2(1670)° i = I
g - ;+2(1750)° % § i
e e e S TEETE —— 92 14 16 18 22
04 06 08 1 12 ' 2 14 16 2 22 M, . (GeV/c)
M., (GeVic?) M, (GeVicd)
Process Magnitude Phase ¢ (rad) FF (%)  Significance
Ap(T70)* 1.0 (fixed) 0.0 (fixed)  57.2+4.2 36.90
2(1385)+7r0 0.43+0.06 —-0.23+0.18 7.184+0.60 14.8 0
$(1385)°7+ 0374007 284+023 7924072  16.00
»(1670)*7% 0.314+£0.08 —0.774+0.23 2.90 +0.63 5.1c
2(1670)07r+ 0.41 £0.07  2.77+£0.20 2.65 £0.58 .20
L(1750)t7% 1754021 —1.734+0.11 16.6 +£2.2 10.10
2(1750)%7F  1.834+0.21 1.34 £0.11 17.5+£2.3 10.2¢0
A+ NR,-  4.05+0.47 2.16 +£0.13 29.7+£4.5 10.5¢0
* About 10K events survived which purity is larger than 80%.
° PWA based on helicity amplitude is performed.
* Interference mostly exist between Ap(770) and £(1385)%/*x+/9,
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Production and Decay Dynamics of the 4] arXiv 2508.11400

« Enhance P, precision

3000 F -
A{— pKT” =f= Data@4600 MeV
2000 Fit
" Signal
1000 ’ Background
I , % Mis-reconstructed
225" 226 227 228 220 23

300

FA> Az

400

'Pi_l_(coseo) = ﬁ\/l — ag sin B cos B sin AP
0

c

200

Events/(1.25 MeV/¢?)

* Measured transverse polarization using 587 fb-! 150f
in 2018 but not found. :

100:—
» Using 6.4 fb! collected from 4.6-4.95 GeV, ol
observe transverse polarization in multiple :
energy points. 2257906 227 228 220 23 325 226 227 228 220 23
M, (GeV/c)
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Production and Decay Dynamics of the 4] arXiv 2508.11400

2Re(s*p) 2Im(s*p) IsI? = Ipl?
Q=—-= N V] =T oz
ISIZ + [pI2 SZ+pl2 | sPE+pl2

az + BZ + yz — 1

If parity violation exists: a, 8 # 0, y + —1

(a+’P1y\+ ﬁ)ﬁ—i—ﬂ(’Pj’\ixﬁ)—i—vﬁx(Pijxﬁ) ar
1+ a'PjJﬁ_ 1) dcosfy dcosf; dcosby dpy dos

x 1+ ag cos? b,

+ /1 — ajay,.— sin b cos O sin A sin 6, sin ¢; cos b

13

+ /1 — aay,— sin g cos O sin AP cos §; sin ¢; sin b,

X /1 — a3, cos(Ayr+ + ¢2)

:

+ . . .
OM frame A; rest frame + /1 — ada,,,— sin b cos O sin AP cos ¢y sin 6,

X \/1—a3 o sin(Ay+ + ¢2)

+ /1 — aday .+ sin by cos Oy sin AP sin 6, sin ¢

133

+ apa,— x4t COS2 By cos B
pT Am

+ Q- g+ COS B2,

A} rest frame A rest frame
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Production and Decay Dynamics of the Azr arXiv 2508.11400

* 13 energy points, 5 channels with 23 angles

AT -
1000k A= pI\s 01
+ Data
500
mm Fit
S Y Y Y R Y 0
E Ac— pKT cos6, A= pKT” % Background
4000 1000k
= 2000 2000k l' Mis-reconstructed
1000 1000fF
S S S R S S S T 0 TS
600k Ac— ART cosfy | goof Ac— AR cost; | 600 600 A7 AR” ¢ 600F A7 AR” 9,
wn
- 400 400 400F 400M
=
S epeetategttlegen | aeegartertetey
> 200F 200 200F 200
=
PICIECE IE A | PECR AT RPN Sy | ISR BTAA AT RSy P ] ol ) L )
RS R R S S N -SSR W YR M X 0 2 1 6
150 :\:—»E’no cosb, 150 A:—>Z+K° cosf 150 ;\:—>}:*H° cosb, ;\:—>E+r{° ‘32
150F
wof T AR
50 sof
0 - - 0 -
2 4 6 2 4 6
Al I cosfy | 300F AT ¥Or~ 9 300F A7 0+ 9,
200F
150% 200F 200F
100F
100 100f
s0f
05 1 w5 0 o2 1 % 2 1 6 % 2 1 6
Helicity angles

2025/10/25 F22 @£ EERYIBRCPRIF TS 40



Production and Decay Dynamics of the A7

arXiv 2508.11400
Vs [MeV] ayp in previous work [16, 82] « in this work A® [rad] SL 'Pi’r o
4600 —0.20 £ 0.04 £ 0.02 —0.226 + 0.030 + 0.004 —0.100 £ 0.069 £ 0.009 2.2 ¢ —0.026 £+ 0.018 £ 0.002
4612 —0.26 £ 0.09 £ 0.01 —0.160 4+ 0.083 £ 0.004 —0.146 4 0.162 +0.030 1.1 ¢ —0.038 £ 0.042 £ 0.008
* 4628 —-0.214+0.04 £0.01 —0.181 +0.038 & 0.001 —0.371 £ 0.082 £ 0.012 6.8 ¢ —0.095 £ 0.020 £ 0.003
* 4641 —0.09 +£0.05 £+ 0.01 —0.060 £ 0.039 £+ 0.003 —0.398 £ 0.073 £ 0.015 7.6 ¢ —0.099 £+ 0.017 £+ 0.004
* 4661 —0.024£0.05+0.01 0.008 £ 0.044 £ 0.003 —0.496 £+ 0.088 £ 0.021 8.5 0 —0.119+ 0.019 £ 0.005
* 4682 0.154+0.03 £ 0.01 0.102 £ 0.029 £ 0.003 —0.502 £ 0.054 £+ 0.021 14.1 0 —0.116 £ 0.011 £ 0.005
* 4699 0.34 £0.07 £ 0.01 0.305 £ 0.055 £ 0.010 —0.545+0.114£0.028 7.1 0 —0.112 4+ 0.021 £ 0.007
4740 0.49 +0.16 £ 0.03 0.358 £ 0.126 £+ 0.008 —0.097 £ 0.190 £ 0.016 0.4 0 —0.020 £ 0.039 £ 0.004
4750 0.424+0.10 £ 0.01 0.347 £ 0.079 £ 0.004 —0.316 £0.142 £+ 0.019 3.1 0 —0.065 =+ 0.029 £ 0.005
* 4781 0.17 +£0.07 £ 0.01 0.157 £ 0.062 £ 0.007 —0.395 £ 0.126 £ 0.028 5.1 0 —0.090 &£ 0.027 £ 0.007
4843 0.38 £ 0.10 £ 0.01 0.282 £+ 0.089 £+ 0.019 —0.385+0.153 £0.034 3.6 0 —0.082 £ 0.031 £ 0.008
4918 0.62+0.17+0.01 0.612 + 0.150 £ 0.019 —0.423 £0.272+0.024 1.9 0 —0.067 £ 0.043 £ 0.013
4951 0.63 +0.21 £ 0.01 0.744 £ 0.179 £ 0.007 —0.700 £ 0.392 £ 0.058 1.8 0 —0.086 =+ 0.050 £ 0.030
2.5
¢  This work
2.04 { BESIII previous results Fit
o === Theo. Cal. (2021)
& 1.5{ — Theo. Cal. (2024) ~
2 ~ <4 Data
O 1.0 p=
7
0.5 S . .
K= no transverse polarization
7 —
T
0.5 ~
S
S 001 _gu —031
= 7 . .
‘3 s ~ A/ transverse polarization
o ~1.01
—1.01 . . i i i . i .
4600 4650 4700 4750 4800 4850 4900 4950 — ]IOO —OI.75 —dSO —OIZS Ob() 0I25 OISO OI75 ]bO
Vs (MeV) cos 6y
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Production measurement near threshold

* ete— Af A7 cross section are measured at twelve energy PhysRevLett.131.191901(2023)
points from 4.612-4.951GeV .

+ 9 F.n _n

Ngr (N ST 8DT>
T Fon ’

estSfisrSvpLinNpT 45

O-:I: g
Egr

* Indicate no enhancement around Y(4630) resonance.
=>Conflict with Belle.

* | Gg/ Gy| ratio are derived by fitting to angular distribution.

* The oscillations on | G/ Gy| ratio is significantly observed
with higher frequency than that of the proton.

i ete’ > AA 15 _ ete’ > AA;
- 1 4-BESIII 2023 B 4-BESIII 2023 — Combined fit
400 <-BESIII 2018 i <-BESIII 2018 ---Monopole decrease
i Belle _ wThreshold  ---Damped oscillation
~ R Threshold R o ST
o - H (D ! ER e e
CI S T
o} o S IR P et
200(— HI7r e e
: ° - .. JIRTRRLLTI . .
- ‘% ‘% { s S
% ‘H» N S
olb——i 1 v 1 4.6 4.7 4.8 49
4.6 4.7 Is (GeV)

s (GeV)
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Production and Decay Dynamics of the 4] arXiv 2508.11400

Theo. and Exp.

Korner (1992), CCQM o
Xu(1992), Pole

Cheng, Tseng(1992), Pole el

Cheng, Tseng(1993), Pole s]
Zencaykowski (1994), Pole o
Zencaykowski (1994), Pole ®
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Zhong(2024), TDA o
Zhong(2024), IRA o
CLEO(1990)
ARGUS(1992)
CLEO(1995)
FOCUS(2006)
BESIII(2019) —e—
Belle(2022)
Belle(2022)
LHCb(2024) ¢
PDG Fit
This work

E & JE JE b JE -
[ X

[ P

—1.0 —05 —1 0
O‘pK? Opn+ 0+

—
=k
p—
—
N
—
—l_

F o
ao

2025/10/25 F22F £ EERYIBFCPRIF TS 43



Production and Decay Dynamics of the 4] arXiv 2508.11400

Parameter A7 — pK?3 A} — Ant Af — X007t AF - Xtq0

(app) —0.91870533 £0.031 —0.790 + 0.032 £+ 0.009 —0.502 = 0.080 £ 0.009 —0.590 = 0.049 + 0.022
(Agp) - 0.637 +0.444 £ 0.014 2.190 £0.730 £ 0.029  1.901 + 0.603 =+ 0.040
(BBpP) 0.36570 5 £0.010  0.704701%5 £0.015  0.76470951 +0.018
(veP) 0.63710505 £0.011  —0.50270:505 £ 0.021  —0.26270315 + 0.031
R 2.7179-28 4+ 0.02 2.1979-42 + 0.02 2237019 4+ 0.03
2P 0.07970 107 £0.019 0.002 £0.047 £0.017 0.2067( 155 £0.028  —0.086 £ 0.081 + 0.085
tangcp - 0.232 +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
] é‘i:ﬁlﬁm Pole A(f — Ar? A'c" %20”* Ag’ _)24”0
*  Chong. Teeng(1993), Pok —.20 - -
f VI\;T[«::D(:ZQS’).ACCOM N> -
* Lgom 7 g +4—
Geng(2019), SUG) e 15 1 T
= Zhong(2022), SU3F ":"J 1 \\'\\‘\{\ RN
= Zhong(2022), SU(3P | N s i )
+ Zhong(2024)1, TDA =10 \\‘\\'"\3\ N \\\
T oo = ‘ q‘ii‘ AR A N
Zhong(2024), IRA® M by | .l
- Zhong (2024), TDA? = 57 S P
++ Zhong(2024), IRA®
CLEOX(1995) 0 . . . . . . .
0 2 4 6 8 2 4 6 8 2 4 6 8

|A| (x1072Gy GeV?)
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Strong phase convention in baryon decays

2Re(S'P)
T IR T L
SI” + |P|

~ 2Im(S'P)

ISP+

PP’

SI* — 1PP”

ISP + PP

op — 0s = 2arctan

ScienceBulletin 02.030(2025)
B x sign

\/ o2 + B + o x sign

(L 2isIPlcos(ér b9

. S1 + |P?
B 2SP CoS(dp — Js)

_ 2IS||P|sin(3p — &)

B

S + P
\oc3 = sin(2{) cos(dp — ds), B3 = sin(2{) sin(dp — Js).

9 =

ISP + |

~ 2SPsin(dp — 65)

PP

Sl - |S| eiésv

ISP+ |P?

I)l ::‘[”Egépa

S, = Sei‘SS,Pz — ISEMP,
S; = |A|sin{e"% P; = |A|cos e

\

P

J

Table 1
Summary of experimental data on the parameters «, 8, and ¢ and the phase shift, 5p — ds, in various two-body nonleptonic decays of the A and E hyperons and singly charmed
baryon A/.
Experiment Process o or (o) B or (B) ¢ or (¢) Sp — O Value dp — ds (rad)
(rad) (rad) of sign Eq. (10) with Eq. (10) with
sign=1 sign=—1
A from 7 p (1963) [14] A —pm 0.62 +0.07 -0.18 +0.24 i —-0.26 £+ 0.35% Unknown -0.28 +0.36 2.86+0.36
A from t-p (1967) [15] 0.645+0017 -0.103+0.065 -0.14+0.10 -0.16 +£0.10° Unknown -0.16 £ 0.10 298 +0.10
E756 (2003) [18] E —Amn —-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 +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+0.13 -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 _, An® —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 — Amt -0.785+0.007 0.378+0.015 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 2.57+0.19 Unknown 258 +0.12 —0.56 +0.12
BESIN (2024) [13] A7 =k 0.01+0.16 -064+070 3844090 —1.55(1.59)+0.25" +1 ~1.55(1.59) £ 0.25 1.59(~1.55) + 0.25
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Lepton Number Violating(LNV)

Chin. Phys. C 49, 043001 (2025)

> Analysis of ¢ - KTK~

Events / (1.1 MeV/c2) (x10%)

- @ i 0—K'K"
100 N Signal region
50
2w KK
1.5 f Sideband region
1F
0.5
i A 1.65 1.1

My (GeV/c?)

1
NII}?K_ = Nsigna] — — X Nidebana = 823764 +1023.

» Analysis of ¢ » ttnte e

I BT

0.651
- ——— Data i
— - 1 Jyormmyt, no eteyt
N;., | [ Jiyon, nontrn, n— ee
~ B W=, 1oy biome, oo e 0.6 -
% 10 E—— Jy-r'mn, 1o vy o
2 - B Jy-n1450)y, n(1450)> nimnn—etey \g,
L ] Jy-n'nte, o-r'y = i
g | "1 Others é 0. 5 5 j
~ - = i
Z 5+ & -
= B E o
s | 0.5}
a | B
- ot atlt :
vv ] L I 045
0.5 1 1.5 2 2.5 S

M, (GeV/c?)

1 15 2
M.....(GeV/c?)

No event is observed in the signal region

Bp—>nntee)<1.3x107°

(90% CL, TRolke)

25

This is the first LNV signal constraint in ¢ meson composed
of second generation quarks.

Search for the lepton number violation decay ¢ — 7'7'e e via J/ly — ¢

2
NNC 471297
k= e = Topo00p = (471 £0-D%
2025/10/25
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Lepton Number Violating (LNV)

Chin. Phys. C 49, 103002 (2025)

> Analysis of w » n*n~ n° > Analysis of w > ntnte e
+-Du 0.7
15000 —an C
é_loooo— s . 0.65; .
g v F
E 5000 - ?0 0'6:_
: 2 :
870 0.75 0.80 0.85 E; 0551
M, (GeV/c?)
(a) 0.5
; S S I R X
Taoon]- M, e (GeV/c?)
T No event is observed in the signal region
Bw— rTrTe e™) < 2.8 x 107° (90% CL, Feldman-Cousins intervals)
845 0..50 0.I55 04I60 0.65
My, (GeVie) - : :
(®) This is the first experimental constraint on the LNV decay of
The projections of the 2D fit of the (a) M3, and (b) M., the w meson Composed of first generation quarks_

~
are L mazessy RS VR W EOECA T L T SO

For the signal channel J/y —» wnp with n — yy and
w - ntnte e, at least two reconstructed photons and
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Lepton Number Violating(LNV)

J. High Energ. Phys. 2025, 109 (2025)

> Search for Majorana neutrino in D} —» ¢n~ete™ decay

« Assuming the LNV signal from Majorana neutrino 107'g

Df — ¢etvp(— net) 4 107
_ _ X 10°%¢
* Majorana neutrino mass: S
® 10
[0.20, 0.80] GeV in intervals of 0.05 GeV 0 josb
S
« Further requirement on the invariant 107°e
mass of any m~e* combination 1076503 04 05 06 07 08
m, (GeV/c?)
® Upper Iimits are CaICUIated USing Tr0|ke Figure 4. The ULs of the BFs at the 90% C.L. as a function of m,,, for the Dj — ety (— net)

decay.

due to the limited events.
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Baryon Number Violation (BNV)

Phys. Rev. D 111, 112010 (2025)

» Experimental constraints on proton decay have largely ruled out the simplest GUT
models. Therefore, it is essential to explore other hadrons containing second-generation

quarks. Nine =3 w(3686) =t J /y.J Jw — eTe vy or eteyf
» Search for the BNV/LNV decay J/{ - pe™ + c.c. for 3: o Ny =4
the fII’St t|me g 6'_ [ inclusive MC
% i (] signatmc
» Analysis: s 4
Y2S) >ty J - pe +ec g
Nsig @ L I
B(I/]p - pe_) = Tot T [ L ! I ;
. N . 3.09 3.095 3.1 3.105
Nyes) By(2S)»nn]/y) € M., (Gevic?
This result provides stronger experimental No obvious signal is observed
constraints compared to similar scenarios, B/ ) < NP 3.1 10- (90% CL, TRoke)
_ - W = pe 5 =J. o CL,
such as D% - pe* and J/{ - Afe BN e
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Proposal of the BEPCII upgrade

* optimized energy at 2.35 GeV with luminosity 3 times higher than the
current BEPCII.

— T e BES I :
i Nearly blank at 5-7GeV
=4 ] = KEDR
E SR T | e v
(NN S N 3 ] SRR LS
o g ' * %"t%’
% 5 o [# %.'."..'.".f.."f ______ ¢ S N 1
o | 2.0,
s - " — -
Ns (GeV)
495 ~ 5.6 GeV: new energy
coverage of BEPCII-upgrade
Energy thresholds
v AREZ 4.74 GeV
v NS T 4.88 GeV
v 3.2, 491 GeV
v E. &, 4.95 GeV
v 0000 5.4 GeV
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Prospect Charm Baryons data sample at BESIII

Table 7.1. List of data samples collected by BESIII/BEPCII up to 2019, and the proposed samples for the remainder of the physics program. The right-

most column shows the number of required data taking days with the current (7¢) and upgraded (7y) machine. The machine upgrades include top-up

implementation and beam current increase.

Energy Physics motivations Current data Expected final data Tc/ Ty
1.8-2.0 GeV R values Nucleon cross-sections N/A 0.1 b ' (fine scan) 60/50 days
2.0-3.1GeV R values Cross-sections Fine scan (20 energy points)  Complete scan (additional points)  250/180 days

J/y peak Light hadron & Glueball J/¢ decays 321fb (10 billion) 32fb (10 billion) N/A
¥(3686) peak Light hadron & Glueball Charmonium decays 0.67 fb ' (0.45 billion) 4.5fb ' (3.0 billion) 150/90 days
¥(3770) peak D°/D* decays 29" 200fb " 610/360 days
3.8-4.6 GeV R values XYZ/Open charm Fine scan (105 energy points) No requirement N/A

4.180 GeV Dy decay XyZ/Open charm 321fb 6fb 140/50 days
4.0-4.6Gey XY7/Open charm Higher charmonia cross-sections 16.0 fb " at different Vs 30 fb ' at different Vs 770/310 days
4.6-49 GeV Charmed baryon/X¥Z cross-sections 0.56 fb ' at 4.6 GeV 15fb ' at different v 1490/600 days

4.74 GeV £r A cross-section N/A 1.0 100/40 days

4.91 GeV %, cross-section N/A 1.0/ 120/50 days

4.95 GeV E. decays N/A 1.0 b 130/50 days
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Summary

* BEPCII energy upgrade during 2020-2021 has improved the
BESIII capability by accumulating more statistics at different
energy points.

» BESIII has been playing significant role in studying flavor
physics of charm sector and searching for new physics. Many
new important results have been published during 2025.

* Future BESIII will greatly extend the physics opportunities in
study of flavor physics and search for new physics!
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Thanks!

2025/10/25

F22EEEEXRYIBFCPHEIAITS

53



B aCkup ~ Singly-charmed baryon

Energy thresholds
veteT - AYST 4.74~4.87 GeV
v ete™ - AFA7(2595)(Z. )  4.88 GeV
vetem 53, I, 4.91 GeV
vetem -5 E. B, 4.95 GeV

The Born cross-section ratios between AL Az + c.c.and A7ZF + c.c. at different energy
points can provide more information about the production of cc¢ or gg from vacuum.

BES]I[ Cross sections for ete™ — A}LEC_ and X, fc

& 8

- ete” > AYZ; above 4.74 GeV: An interesting isospin
violating process to understand the QCD dynamics at
charm sector
v A cross section scan slightly above 4.74 GeV will be

useful for comparison with that of ete™ = ATA; and AfX;
v o(AFE7)/o(AFAZ) v.s. o(AZ)/a(AA)

ol & &l

=» vaccum pol. to cc v.s. s§ b
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™ — A¥AZ =
=» good diquark v.s. bad diquark p
v' Study the polarizations and form factors in ete™ — £2%?2 =

and Z}E7
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CP observable in hyperon decay

PHYSICAL REVIEW D VOLUME 34, NUMBER 3 1| AUGUST 1986
Hyperon decays and CP nonconservation

John F. Donoghue
Depariment of Physics and Astronomy, University of Massachusetts, Amherst, Massochusetts 01003

Xiao-Gang He and Sandip Pakvasa
Department of Physics and Astromomy, University of Howeii ot Manoa, Homoluly, Howali 96522
(Recerved 7 March 1986)

We study all modes of hyperon nonleptonsc decay and consider the CP-odd observables which re-
\ sult. Explicit cakulations are provided in the Kobayashi-Maskawa, Weinberg-Higgs, and left-
4 right-symmetric models of CP nonconservation.

John F. Xiao-Gang He Sandip Pakvasa _

Donoghue

SM Prediction of A decay

Not sensitive to CPV A=— \/_— sinAgsingcp —5.4x 1077
2
asiest to measure = ———— ~ tan A, tan - =
s s CP 0.5x10
 dae: Fﬁ+l‘ﬁ’
Polarization Qt decdyed_  B= ~ tan ¢ p 3.0 x 10-3
baryon needs to be measured Ta —Ta@

2025/10/25 F22FLEERYIBMCPRIF TS 55



