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Introduction

@ Charmed meson radiative decay

@ Charmed meson semileptonic decay

Charmed meson rare decay

@ Summary
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@ "November Revolution”— The discovery of the J/v particle in 1974 greatly
facilitated the establishment of the Standard Model.

@ How to translate the "charm” in Chinese, "3&" or "%&" ? !

(SE-EN-AZ) £X
PBRF, —BHEX.
SHAY, BHRA.
FEFS, MUERAM!
BERG, —2ER.
S5, NitEE.
FEFE, ALEER!
BERE, ZEHEF.
S5, NitRE.
FoFS, MRE!
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Charmed high-precision frontier

@ Many puzzles to be resolved
e Charmonium decay puzzle

@ Precise test for Standard Model
— CKM matrix element Vi (4

@ Search for new physics
— rare decay with Br < 10710
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Charmonium decay puzzle
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T(J/Y — yne) = 2.30(10) keV

@ A first step toward resolving the long-standing charmonium-decay puzzle
o We find 2.90 tension and PDG-fit is misleading,
o H-P.Wang and C-Z.Yuan,New puzzle in charmonium decays,

o HPQCD(2023) and BESIII(2025,/2026)
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PDG25 — PDG26
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@ (i)New constraints from experiments; (ii) Highly correlated with other decay channels
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Towards resolving the puzzle

M. C. Schaaf and A. Vairo, arXiv:2606.19902
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@ PDG fit dependence on B(J/¢¥ — yn.)

@ Model-independent photon line shape for J/1¢ — 1.

— peak strength rather than integrating photon energy — no damping function
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Role of STCF

Based on 10 billion .J/1 samples, BESIII have measured
@ B(J/Y — yne) x B(ne = 27v) = 5.23(26)(30) x 107°
® B(J/¢ = yne) x B(ne — pp) = 2.11(2)(7) x 107°
@ Absolute branching fraction B(n. — 27v) = 2.45(48)(09) x 10™*.

------------ PDG26
Based on 1000 billion J/¢ samples Crystal Ball | st
per year on STCF G55 . -
@ A direct measurement B(J/¢¥ — yn.) L
@ More precise constraints on ~
B/ — ) % Blne — Xi) o I —

08% 1.0% 12% 15% 1.8% 2.0% 2.3%
B(J /¥ — yne)
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Charmed meson semileptonic decay

FLAG24: no results away from ¢*> = 0 provided due to discrepancy among ETM17 and others.
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@ More lattice QCD calculations on D — K. in progress

@ Independent determination on CKM matrix element from other channels, i.e. P — V
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Why P — V semileptonic decay?

e For P/ — P:
dr(P' — Pev)  G%

1512 [Viry [ £+ (¢%) 2

dq? T 2478
for example, D — 7w and D — K
@ For P> V:
dL(P = Vev)  GZ|Viy|?|plq?

- W 270 70 b
dg2dxd cos 0,d cos Oy 12(2m)4 M2 (q voue X)

e Independent determination of the CKM matrix
element

e Stronger test with abundant polarization
information
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P — V semileptonic decay

o Experiments:

Channels rv T2 Refs
DY — K*(892)
(w) 1.37 £ 0.09 £ 0.03 0.76 £+ 0.06 &+ 0.02
(1) 1.46 £ 0.11 + 0.04 0.71 + 0.08 & 0.03
(e) 1.48 +0.05 £ 0.02 0.70 £0.04 £+ 0.02
LQCD 1.48(12)&1.46(11)—1.44(28)  0.6(3)&1.0(2)— 1.5(6)  NPB119,625(2003)
Ds — ¢
(w 1.58 £0.17 £ 0.02 0.71 £0.14 £ 0.02
(e) 1.807 4+ 0.046 £ 0.065 0.816 £ 0.036 £ 0.030
LQCD 1.72(21) 0.74(12) PRD90,074506(2014)
DY = petu. 1.695 4+ 0.083 £ 0.051 0.845 + 0.056 £ 0.039

e First-principle lattice calculation is urgent
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Lattice setup

Configuration  Volume a/fm my/MeV  Neons X Ny X Ny

C24P29 245 % 72 0.10524(05) 292.3(1.0) 450 x 72 x 2
C32P29 32% x 64 0.10524(05) 293.1(0.8) 397 x 64 x 2
C32P23 323 x 64 0.10524(05) 227.9(1.2) 333 x 64 x 3
F32P30 323 x 96  0.07753(03) 300.4(1.2) 360 x 96 x 2
F48P21 48% x 96 0.07753(03) 207.5(1.1) 241 x 48 x 4
G36P29 363 x 108 0.06887(12) 297.2(0.9) 300 x 54 x 2
FA8P32 483 x 144 0.05199(08) 316.6(1.0) 300 x 72 x 2

@ Four lattice spacings [0.052 — 0.105] fm — continuum limit
@ m, = 208 — 317 MeV — physical pion msss
@ Same lattice spacings and pion mass: C24P29 vs C32P29 — finite-volume effect
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D, — ¢: mass and decay constant
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Dy — ¢ form factors

A2(0)/A41(0),

(8%

V(0)/A1(0)

Phenomenological theory

Phenomenological theory

cQm Phys. Rev. D 62, 014006 (2000) . 073 cQm Phys. Rev. D 62, 014006 (2000) 172
HMYT Phys. Rev. D 72, 034029 (2005) . 0.52 HMXT Phys. Rev. D 72, 034029 (2005) 1.80
HQEFT Int. J. Mod. Phys. A 21, 6125 (2006) . 0.53+9010 HQEFT Int. J. Mod. Phys. A 21, 6125 (2006) 1.37:98%
CLFQM  J. Phys. G 39, 025005 (2012) . 0.86 CLFQM ). Phys. G 39, 025005 (2012) 1.42
ccom Phys. Rev. D 98, 114031 (2018) —— 099020 ccom Phys. Rev. D 98, 114031 (2018) —e— 134027
LFQM Eur. Phys. ). C 79, 422 (2019) . 0.86 LFQM Eur. Phys. J. C 79, 422 (2019) ) 1.61
RQM Phys. Rev. D 101, 013004 (2020) . 0.77 RQM Phys. Rev. D 101, 013004 (2020) . 1.56
scl Eur. Phys. ). C 82, 889 (2022) . 0.72 scl Eur. Phys. ). C 82, 889 (2022) . 1.64
LCSR arXiv:2505.15014 tof 0.945%8:837 LCSR arXiv:2505.15014 L] 1517981
Lattice theory Lattice theory
HPQCD  Phys. Rev. D 90, 074506 (2014) ] 0.74 +0.12 HPQCD Phys. Rev. D 90, 074506 (2014) o 172021
CLQCD  This work (] 0.741 + 0.031 cLqcp This work ) 1.614 + 0.019
Experiment Experiment
BaBar Phys. Rev. D 78, 051101 (2008) ol 0.816 + 0.036 + 0.030 BaBar Phys. Rev. D 78, 051101 (2008) 1.807 % 0.046 + 0.065
BESIIl JHEP 12, 072 (2023) o 0.71 +0.14 * 0.02 BESII JHEP 12, 072 (2023) e 1.58 +0.17 % 0.02
PDG Phys. Rev. D 110, 030001 (2024) o 0.83 +0.08 PDG Phys. Rev. D 110, 030001 (2024) 1.76 + 0.07
-3 -2 -1 0 1 2 -3 -2 -1 0 3 4

r

rv

@ Precision improved by up to an order of magnitude
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Dy — ¢ differential decay width

B(Dy — olyg) x 1072 j¢ channel ¢ channel

This work (z-expansion)
This work (single pole)
This work (modified pole) k;
BaBar (2008) [1] - 2.61(17)
CLEO (2015) [2| - 2.14(19)

BESIII (2018) [3] 1.94(54)  2.26(46)
BESTIT (2023) [4] 2.25(11) -
PDG [27] 224(11)  2.34(12)

0.9437(12)

0.86(29)

0.957(68)
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@ Discrepancy in ¢*-dsitribution compared to BESIII measurement on D, — ouvy,
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D — K* form factors(preliminary)

o Adding C48P14 and F48P30, 9 ensembles give: my+ = 886(11) MeV

Lattice QCD Lattice QCD
Lt Phys. Lett. B 274, 41 —e—i + LMMS Phys. L 74, 415 (1 ] 16+
B Ph D4 2 = + BKS hys. Rev. D 45, 869 (1992 —e—i 1.99£022
EL Nucl. Phys. B 416, 675 (1994 f—o— EL ucl. P 416, 675 (1994 o 1
Ph 0 = +0.2 UKQCD hys. Rev. D 51 o— 1
APE P ett. B 345 —— 704 APE hys. Le 45, 513 (1 [— 1.6
5P A B 119, 625 (2 + P Vucl. P 119, 625 (2 o 148 +0.12
cLaco This work ol 0.779 +0.092 cLaco This work ol 1.380 + 0.093
Experiment Experiment
BESHII JHEP 10, 199 (2024) ol 0.72 £ 0.06 + 0.02 BESIII JHEP 10, 199 (2024) ] 1.43 £0.07 + 0.03
BESHII JHEP 03, 197 (2025) (] 0.70 £ 0.04  0.02 BESIII JHEP 03, 197 (2025) ] 1.48 £ 0.05 + 0.02
BESHII Phys. Rev. Lett. 134, 011803 (2025) ol 0.76 £ 0.06 = 0.02 BESHII Phys. Rev. Lett. 134, 011803 (2025) o} 1.37 £0.09 + 0.03
BESHII Phys. Rev. Lett. 135, 111803 (2025) ) 0.715 + 0.031 £ 0.014 BESIII Phys. Rev. Lett. 135, 111803 (2025) [ 1.456 +0.04 £ 0.016
BESIII Phys. Rev. Lett. 135, 171801 (2025) " 0.75 +0.03 £ 0.01 BESHII Phys. Rev. Lett. 135, 171801 (2025) " 1.42 +0.03 £ 0.02
-6 -4 -2 4 -6 -4 -2 2 a

r; (D-K*Iv)

o First full lattice QCD calculation!
o Systematic study with a?, m2, and =% extrapolation

ry (D-K"Iv)
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Charmonium weak decay

@ Experiments

@ Future measurements ?

channels Upper limit  J/1 number Refs
J/¢p — Dseve 4.9 x107° 5.8 x 107
J/ — Deeve 1.3x107% 2.3 x 10°
J/ — Deve  7.1x107%  1.01 x 10*°
J/¢p = Duv, 5.6x1077  1.01 x 10'°
J/ — Deeve  9.9x107%  1.01 x 10'°
BES & BESIII collaboration
channels Upper limit  J/1 number Refs
J/y — Dspv, — 1.01 x 10" BESIII
J/¢ — Dgyeve — ~ 10" STCF
J/’lﬁ—)D(s)ul/M — ~ 10'? STCF
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branching fraction
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@ The branching fraction

Br(J/1) — Dgeve) = 1.90(6)gtat(5)y,, x 10710
Br(J/¢ — Dev,) = 1.21(6)sat(9)v,, x 1071
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Cuttent status of the dark matter search on the collider

@ Remarkable candidates

o Dark photon A’: coupling to the photon through the kinetic mixing s F#vF,,, free
parameters are m 4 and €

o CP-odd Higgs Boson A% m 40 and g,

o Axion-like particle a: m, and g4~

@ Dark matter can be produced on the collider

e Direct production: eTe™ — vX

o Resonant production: ete™ — J/1/YT(15) — v+ X
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Light dark matter search at the collider

CLEO 2010
PHYSICAL REVIEW D 81, 091101(R) (2010)
Search for the decay Jiy—y + invisible
(CLEO Collaboration)
T+ X

invisible to detector

light dark matter ? Ny

EC
The upper limit corresponding to my = 0 Mass (MeVic)

. The duid -

is 4.3 x 10~5 at the 90% confidence level

BABAR

T(S) = v+ X
Belle
PRL 107, 021804 (2011)
Search for Production of Invisible Final States in Single-Photon Decays of T(15)
(BABAR Collaboration)

PRL 122, 011801 (2019)
Search for a Light CP-odd Higgs Boson and Low-Mass Dark Matter at the Belle Exper

(Belle Collaboration)

3

se11 —selle

3

Bagar Banar

B8 L8 908 c.. (107
57 0L @ 5% Cn (10

20 Mase (Gev/e) DX ase (cev/e)

B(T = 74% x B(A? = invisible) B(Y(1S) > 33k

BESIII

PHYSICAL REVIEW D 101, 112005 (2020)
Search for the decay J/\y— + invisible

Upper bound B ~ 7.0 x 1077

PHYSICAL REVIEW D 105, 012008 (2022)
Search for a CP-odd light Higgs boson in .J/¢) — yA°

Upper bound B(J/¢ — yA®) x B(A® — ptp~) ~ (1.2 — 778.0) x 1079

PHYSICS LETTERS B 838, 137698 (2023)
Search for an axion-like particle in radiative J/y decays

We search for an axion-like particle (ALP) a through the process ¥(3686) — 7+ m~ J /v,
J /4 — 7a,a — yyin a data sample of (2.71 % 0.01) x 10° ¥(3686) events collected by
the BESIII detector. No significant ALP signal is observed over the expected background,
and the upper limits on the branching fraction of the decay .J /4 — ~a and the ALP-
photon coupling constant g,.,, are set at 95% confidence level in the mass range of

0.165 < m, < 2.84 GeV/c?. The limits on 2(J /¢ — ~a) range from 8.3 x 10* to

1.8 x 10~% over the search region, and the constraints on the ALP-photon coupling are
the most stringent to date for 0.165 < m, < 1.468 GeV/c*.
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Standard model background in J/ invisible decay

x1074

24

i f,//'w

Lo
N
o

@ The first lattice QCD calculation
Br[J/v — yvp] = 1.04(7)(8) x 10~ "°

@ Phenomenological estimation ~ 0.7 x 107*°
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Outlook and role of the STCF

@ Charmonium decay puzzle

o J/Y — yne and n. — 2y
e Model-independent determination of B(.J/¢ — vn.)

@ Semileptonic decay

e Dy —>¢and D — K*
e Real photon radiation: D — K~ly,

@ Rare decay

o J/— D(S) and J/¢ — yvv
o Axion-like particle search: D — ly;a
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QOutlook and role of the STCF

@ Charmonium decay puzzle

o J/Yp = yn. and n. — 2y
o Model-independent determination of B(.J/¢ — vn.)

@ Semileptonic decay

e Dy —¢pand D — K*

o Real photon radiation: D — K~ly,
@ Rare decay

o J/Yp— Dy and J/¢ — yvv
o Axion-like particle search: D — lyja

Thanks to the STCF!
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