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Three quark model in earlier stage

@ one up quark (charge +2/3) ‘u
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WST ﬁ_ ) 4\ ! Eﬁ%ﬁfﬁﬁiﬂﬁ @® one strange quark (charge -1/3): s

Meson : (q4) @ ‘ Charged pion T (ud)
" (ud)

‘ proton p(uud)
Baryon: (qqq) @
‘ neutron n(udd)
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Three quark model in earlier stage
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Introduce of charm quark

Seiy ERAAS B & R B (AS|=1) K R, Flan:
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PHYSICAL REVIEW D VOLUME 2, NUMBER 7 1 OCTOBER 1970

‘Weak Interactions with Lepton-Hadron Symmetry*

S. L. Grasaow, J. ILtopouLos, ANp L. Maran:f

P h S L ett 1 1 1 9 6 4 2 5 5 Lyman Laboratory of Physics, Harvard Universily, Cambridge, Massachuseils 02139
y " " (Received 5 March 1970)
‘We propose a model of weak interactions in which the currents are constructed out of four basic quark
fields and interact with a charged massive vector boson. We show, to all orders in perturbation theory,
P h R that the leading divergences do not violate any strong-interaction symmetry and the next to the leading
ys " ev. divergences respect all observed weak-interaction selection rules, The model features a remarkable symmetry
between leptons and quarks. The extension of our model to a complete Yang-Milis theory is discussed.

INTRODUCTION may readily be extended to a massive Yang-Mills

. model, which may be amenable to renormalization with
EAI?t;Ig-{J]%RAC,TI?I\ Pl:le E“D[Trfl“:iazvigoiei modern techniques. The second problem concerns the
_ scribed by & simple phenomenological € selection rules and the relationships among coupling
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Observation of cc charmonium states
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“November Revolution
of Particle Physics!”
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Observation of D meosns
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Quark components of D mesons

Charmed meson is the
bound state of ¢ quark and
one of the light g quarks
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(Semi)leptonic D decays
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Ves(a)| measurements before BESIII

PDG2014
( AV ,q/Vya = 0.02%
<
1ne=}

- Vya| = 0.97425 + 0.00022
Direct — ===
measurement: i AVcd‘/chd=3-16%

: : - vd-oc
(sgrzl)leptom I SRR s St
i -
c ecays ' D =

S Vol = 0225+ 0.008 TV

Avtd/vtd = 7.1%

[Vial = (8.4£0.6) x 1073

V., Vs and V , are the best determined due to flavor symmetries: I, SU(3),

- ] i
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K voeBE=g v [T

Q T I‘ T :

[Vius| = 0.2253 £ 0.0008 I Vip| = (413 0.49) x 1073 |
AVs/Ves =1.6% ¢ I

W —>C S _! AVC,,/VCI, =3.2% "

____________ I_- II < " !

B, BE B,le” B, 1

DQ’<V: BQIVD

Ves| = 0.986 + 0.016 K b Vool =(41.1£1.3) x 1077

AVts/Vts - 6.8% Ath/th = 3.1%

Indirect
constraint:
Hadronic D
decays

Visl = (400 £27) x 1073 [Vpp| = 1.021 £ 0.032 _)

HQS. Charm (V.4 & V_,) and rest of the beauty sector (V,,, V.4, V,) are poorly
determined. Theoretical errors on hadronic matrix element dominate.
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LFU tests in (semi)leptonic D decays before BESIII

Tension in B physics
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Tension in D physics

BPDGIB[p0 & 7=p*v] = (0.237 £ 0.024)%
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The knowledge of semimuonoic charm
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meson decays is very poor
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Beiji ng Electron Positron Colllder (BEPCII)

5

4 2020: energy upgrade to 0.92-2.4525 GeV
\ 2004: started BEPCII upgrade,
BESIII construction

ae* Y 2008: test run
= 2009-now: BESIII physics run

<o « 1989-2004 (BEPC):
§ Loea=1.0x101/cm?s
e 2009-now (BEPCII):

Loca=1.1x10%3/cm?s (2022, 2023) 12



BESIII detector

NIMA614(2010)345

51

T—%
-

EMC: Csl crystals
AE/E =2.5% @ 1 GeV - Barrel

AE/E =5.0% @ 1 GeV - Endcaps
:— TOF:

¢80=

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

0 6 0 _;9500

—ps0d

€60

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

Magnet: 1T Super conducting

Muon ID: 9 layer RPC

Trigger: Tracks & Showers

Excellent resolution, particle identification, and large coverage

for neutral and charged particles .



BESIII collaboration

Europe (19)

Germany(6): Bochum University, GSI Darmstadt, Helmholtz Institute Mainz, Johannes
Gutenberg University of Mainz, Universitaet Giessen, University of Miinster
Italy(3): Ferrara University, INFN, University of Turin,

'Netherla_nds(_l ):KVL/University of Groningen
Russia(3): Budker Institute of Nuclear Physics, Dubna JINR, LebedevPhysical Institute
Sweden(1):Uppsala Univ ersity
Turkey: (1): Turkish Accelerator Center Particle Factory Group
UK(3): University of \Ianchester University of Oxford, University of Bristol
Poland(l) N :monal C entre for Nuclear Research

| USAQ)

Carnegie Mellon University

Tidiana Univer sity

* Mongolia(1)
= W o \ o S AP O b vve . Institute of Physics and Technology University of Hawaii
Paklstan(”) 8 Korea(1) '
Institute of BusmessAdmmlstratlon, ‘ T,' A
- Umverslt) OIthe Punjab MO g Chuno g UsivEay

Thailand(1)

India(l) Surnnaree TUhiversity of Technolog)
Indian Instltute of Technolog) mndr1s .

=, - China. (62)

Beihang University, Central China Normal University, Central South Univer sity, Chengdu University of
Technology, China Center of Advanced Science and Technoloo\ China University of Geosciences,
Fudan Univ ersnt\ Guangxi Normal University, Guangxi University, Guangxi University.of Science and
Technology, Hangzhiou Normal Univer sity, Hebei University, Henan University, Henan Normal -
University, Henan Tniversity of Science and Technology, Henan University of Technolom Hengyang
Normal University, Huimoshan College, Hunan University, Hunan Normal University, Inner Mongolia

University, Institute’ bl'Hwh Energy Physics, Institute of Modern Physics, Jmngsu Ocean University,
Jilin University, Lanzhou University, Liaoning Normal University, Liaoning ¥niver sity. Longyan
University, Nanjing Normal University, Nanjing University. Nankai University, North China Electric
Power University,Peking University, Qufu Normal University, Renmin University of China, Shaanxi
Normal University, Shanxi University, Shanxi Normal University, Sichuan University, Shandong
Management University, Shandong Normal University, Shandong University, handong University of
Technology, Shanghai Jiao Tong University, Soochow University,South China Normal University,
Southeast University, Southwest University of Science and Technology, Sun Yat-sen University, Tsinghua
University, University of Chinese Academy of Sciences, University of Jinan, University of Science and
Technology of China, University of Science and Technology Liaoning, Uniyversity of South China,
Wuhan University, Xi’an Jiaotong University, Yantai University , Yunnan University , Zhejiang
University, Zhengzhou University

Chile(?!)"l FH AMERICA
University of Tatapaca.' " * '
University of La Serena

BESII

>600 members
From 92 institutions in
16 countries
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Data samples at BESIII

20089:

2010:
2011:

2012:

2013:

2014:

20089:
2015:

106M P (3686)

225M /Y

0.98 fb1y(3770)

2.93 fb11p(3770) (D°H), total)
0.48 fb'l @4.01 GeV

0.45B 1(3686) (total)

1.30B J/y (total)

1.09 fbl @4.23 GeV (XYZ&D)
0.83 fbl @4.26 GeV

0.54 fbl @4.36 GeV

10x0.05 fb1 XYZ scan@3.81-4.42 GeV
1.03 fb'l @4.42 GeV

0.11 fb'l1 @4.47 GeV

0.11 fb! @4.53 GeV

0.05 fb'l @4.575 GeV

0.57 fbl @4.60 GeV (XYZ&A)
0.80 fb! R scan @3.85-4.59 GeV
106M P (3686)

R-scan 2-3 GeV+2.175 GeV

2016:
2017:

2018:

20169:

2020:

2021:

2022:

3.20fb 1 @4.178 GeV (XYZ&D?)

7x0.50 fbl @4.19-4.22 GeV (XYZ&DY),
@4.24-4.27 (XYZ)

More J/i+tuning new RF cavity

10B J/1 (total)

8x0.50 fb1XYZ scan@4.13, 4.16 (XYZ&D?),
4.29-4.44 GeV

3.8 bl @ 4.61-4.7 GeV (XYZ&A)

2.0fbl @ 4.74-4.946 GeV

2.7B Y¥(3686) (total)

0.4 fb* @3.650 GeV

0.4 fb* @3.682 GeV

2.97.9 fb'1 (3770) (D°H), total)

2023-2024: 7.9—20.3 fb1 4(3770) (for D°(H), total)

2x0.42 fbt4(3770) scan
0.14 fb! @3.800-3.885 GeV
0.13fb? @3.554 GeV

0.025 fb'! @1.84-2.00 GeV

>50 fb! at E_ between 1.84 and 4.95 GeV in 15 year running 15



140

120

100

80

60

40

20

2010 +®

Publications of BESIII (as of Oct. 8 2025)

BESIII physics
H PRL
M Other
® Nat.(Phys., Com.)
Accepted
M Submitted

2011 ==

2019 IS
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201 papers and 39 in PRL

2024 ISR
2025 I ——

16



Experiments and data for charmed mesons

&

Belle @ KEKB
e*e” : ~10.6 GeV (Y(49))
c(ete” —>cc)=1.3nb
Loeak =2 % 1034 cm2 g1

BaBar @ PEP-II8

c(e*te” —>cc)=1.3nb
Loeaik = 1% 10% em2 g~

Instrumented
Flux Return

1.5T Solenoid

Aerogel Cherenkov

SC Solenoid Counter

Drift Chamber

Csi(TI)
Calorimeter ~

TOF Counter — | ~ =l
- 0.54 ab-!
| ,/J . d ‘o
sl = e*(3.1GeV)
il ;
N X Central
= o . Drift Chamber
& —< : & Electromagnetic
! 5
2 Calorimeter
9‘ Cherenkov Detector ilicon
Silicon Vertex {PIRC) Detectol

Detector KLMuon Detector

BESII @ BEPC || BESII
ete” : 2-4.6 GeV

295203 fb '@3.773 Gev O(€"€” —> €C) = 3 nb
I—peak =1%x103 cm=—2 s

7.33 fb''@4.13-4.23 GeV

ete” : ~10.6 GeV (Y(4S))

CLEO

CLEO-c

s A
Ny - 0.8 fb'@3.774
\ <} J GeV

\L‘ / Calorimeter
¥ N

P 4

. :N’\//  Iron
\],’if\/{f\l Polepiece

<l 0.6 fb-'@4.170
Quadrupole | GeV
"'9"" Blrn;‘Muon
Iron Chambers
pp:7-13 TeV Muon chambers
c(cc) =1.4-2.6 mb y trigger + ID
Lpeak = 4 X 1032 cm=2 s~ - cccs f, M3
(luminosity leveling) . o W '
T
A Tl \
O fpb-1 AL Ji !
7/ i |
Interaction pg;:u‘ I F -~ = '}i_ | >
VAN I
RICHsystem _ CALOsystems
HadronID  Trigger « y/e energyand ID JINST 3 17



Production of charmed mesons at BESIII

ete” »y(3770) - DD ete” »{(4160) > DD + c.c.

2.93>20.3 fb'@3.773 GeV 3.19>7.33 tb1@4.13-4.23 GeV
g F
u':: °F e*e’ DD’ - 'l Averaged between CLEO and ours
[~ =
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s M i::: $ ¢ t ¢ 1
L 3 ol AN AL ]
= i =
- ' + + 1
2_ L] W GO0 |— + —
- . X
= % 400 — + * I
1; =]
. = "
C #) 1 1 ...'..li () * b +|‘ b 200_. N
=37 376 3.78 38 382 er 2 e - .
5:'090 I I I 41I30 I I I 4l|'?0 I I I 42|10 I I I 42I50 I
—_ [Ecm in MEV]
g‘ SE ete DD
2 JF CLEO, PRD80, 072001 (2009)
= ——
TIT
3 I'* B 1l T
Y DD,
25 t ¢ 08 DD : 1 | —
2 ! ! 0.6 -_ L Ds.Ds 1 _
1.5 ¢ o i T i
1= ' < L i
' bt 04 ]
05— . . B
= l?.. P PR R |....‘.*.|.. ..l..i .*. .’l‘. 0.2 q -
37 3.76 3.78 38 382 384 3.86 1 ¥
¥ [GeV] i T L ] v w L E ]
- U n | n | ] n | L | L 1

\Il(3770)lﬁ§ﬂUEFDOE"*I]D*D‘SUFE 390 395 400 4.05E ‘E.(;Zv)q.w 420 425

HEEE, RARD T FREIRIEERTE .



Events / ( 0.17 MeV/c*)

vents / 1.4 MeV/c?

Single-tag charmed mesons at BESIII

(@

ete” -(3770) - D°DO

’ B s0000f (P)

[ mm ] F mm

[ DK 1 30000F DODK*rnd
: 1 20000

3 1 10000

12.93>20.3 fb"!

] 10000

. @3.773 GeV

- (© E |
D> K mn ] [ DO>K'nmgn’
3 1 sooof

L . _:

182 184 185 188

2.7TM

182 184 186 188

My (GeV/ic)

ete” —(4160) » D D™ + c.c.

00000

000000

00000

00000

13.1937.33 fb!
A~ @4.13-4.23 GeV

)

o~

Events / (0.167 MeV/c

ete” - (3770) > DD~

x10° *10° ; 5><103

o T T 5 935203 b
hfd_ Jﬁ: —-Jlii. @3.773 GeV
47D»KK1{; 1Z*D9Knn"’ : 4I-D—>n*nn ]

1D_Ds+<gm‘z0 5“ ' | 27D’§K+1t'1;:'11:é1t*| ] 10D’aKgm'tfg '

e ""‘W\ —\ 17M

1.82 164 186 1.88 1582 164 166 1.88 182 1.84 1.86 1.88
2
Mg, (GeV/c?)

The total single-tag yields of D°,
D~, and D; are >20, >20, and 9
times CLEO-c, respectively
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The world largest threshold charmed mesons at BESII|I

T Produced in pair > Double tag method
'IT Low background - low systematic uncertainties

e* 3 ‘_ Quantum correlation for y(3770) — D°D° pairs
W e—

Yields of Singly Tagged (ST) charmed hadrons

E.., Data taking year L (fb-1) ST DY STD* STD{
(GeV) yield Yield yield

3.773 2010-11 (=2022-24) 293 > 203 2./M (~7x) 1.7M (~7x)
4.009 2011 0.48 13K
4.13-4.23 2016,2017,2012,2019 7.33 0.8M

Total yields of various charmed hadrons at BESIII are lower than Belle and LHCb by 2-3 orders.
However, BESIII, Belle and LHCb have complimentary advantages in various charm physics
20



Leptonic D decays



Studies of D™ - v,

PRD89(2014)051104, 2.93 fb-'@3.773 GeV

3 —s— Data
= ED+_)u+vLL
10°E | o ki 409+21

= -B"—m*rc

B LD~

B Other D decay. D _),U v

B 1on-DT processes .t ®

£ 10° _g,__;.rﬁ""' .
o - g
- - Lo,
M - t
— u
o
E 10 &
E C
5 -
Z -

T IIIIIIl

1071
02 0 0.2

M2, [GeV¥HcY

miss

0.4 0.6

B[D* - u*v] = (3.71 + 0.19 + 0.06) x 10~*

fo+|Voq| = 46.7 + 1.2 + 0.4 MeV

o B/RRLERSE
~ (o) - =
Precision~2.7% BRETNE|V 4

Events / (0.01 GeV?*/c%)

PRL135(2025)061801, 20.3 fb-'@3.773 GeV

[ #Data

600 _—All PDF B
--Signal PDF ~ 2890+57

—All background
B

----- T (>nV)Vv,

400 ——Other background }

200 -

g i R ST T W i P "
%2 0.1 0.0 0.1 0.2
M2 (GeV*/cY)

The most precise to date
B[D* — u*v] = (4.03 + 0.08 + 0.04) x 10~*
fy+|V,.ql = 48.52 + 0.48 + 0.19 MeV
Precision~1.2% >



Studies of D™ - v, and LFU test

PRL123(2019)211802, 2.93 fb-'@3.773 GeV

[a*]
w

First observation

o]
o
T

- (DY Sty

—
2l
[TT

137127

—
o
TTrrT

Number of events/0.02 (GeV/c?)?

(=]
|

o

03 02 01 0 01 02 03
Mpiss (GeV/c®Y’

B[D* - ttv] = (1.20 £ 0.24 + 0.12) x 1073
fp+|V,q| = 50.4 + 5.0 + 2.5 MeV

Precision~11%

100

JHEP01(2025)089, 7.9 fb-1@3.773 GeV
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Studies of D} - v, and LFU test
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First experimental study of D™ - e™v,
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Search for D** - [ty
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Semileptonic D decays

= Semileptonic decays of D - Pe™v,
= Semileptonic decays of D — Setv,

= Semileptonic decays of D — Ve*v,

= Semileptonic decays of D — Ae*v,



D - P/SUv R R

Dynamic study

dr GE|Veas|® 5 242 . D—>P5
dgz — X panz P IA(a7)] (O Vsl

Form factor parameterizations:

— Single pole form Jila®) =+ fm)
. e 2 f+10)
— Modified pole f+q) = (1_ﬁgﬁr)+(1_aﬂq;>
- ISGW2 (&) = Fi(ghm) (1+ Isfgwg(ﬁax—qg)>_

— Series expansion  f+{t) = ()1(t t) (HZW e )

k=1
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Studies of ¢ - sl"v; semileptonic decays
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Latest results of DY) — K¢ v, (£ = e or u)

7.9 fb-1 @3.773 GeV
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Studies of ¢ - dl*v,; semileptonic decays
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Recent study of D™ —» nf*v, (£ = e or u)

20.3 fb' @3.773 GeV, arXiv:2506.02521
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Recent study of D™ - 5'¢*v, (£ = e or u)

20.3 fb' @3.773 GeV, PRL134(2025)111801
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Most recent results of D} —» K°¢*v, (£ = e or )
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First studies of D, — f,l"v, decay dynamics
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Experimental precision of f2°7(0) is still
dominated by statistical uncertainties
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Comparisons of |V .| and |V 4]
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Comparisons of other D —» P form factors
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D - Ve'v FIEFIZMIHFR

@ ' = (Pt + o) @ ¢ =(p++pr.)

® cos(8x) = % ® cos(8,) = _%ﬁ

ﬂma(x)zﬁﬂ isin(x):(ﬁxﬂ)~a
Decay rate depend on 5 variables and

GE| Ves|?
(47)°mp,
@ X = pr-Mp, Prer 18 the momentum of the Ko system in the [ rest frame

T = ~XBI(m*, q°, 8k, B, x)dm>dq°d cos(8x )d cos(8)dx

A =2p*/m, p* is the breakup momentum of the K7 system in its rest frame
@ T can be expressed in terms of helicity amplitudes Hy 4 :

o(e?) = 7 [(m — m = ) mo + m)As(?) — 472K Au()
Hi(q®) = (mo + m)Au(a”) F 252552 V(')

@ Vector form factor: V(qz) = 1—]";(%; or: FF ratioc r, = V(0)/A1{0)
—a2 /o,
@ Axial-vector form factor:A;(g*) = Aizwj 7, Aq(g?) = A%{D} : or: FF ratio r; = A(0)/A;(0)

— _ 2
1= fmy 1—g%fmy 41




Earlier studies of D - Ve*'v,

D* - K*%e*v,  PRD94(2016)032001 D° > K*et ve PRD99(2018)011103
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Analysis of D) - zze*v, and observation of D - Setv,
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Observation of D* - f,(500) e*v,

Signal mode

This analysis (x1073)

DY = 7 aletu,
D% — pety,

D" -z ntety,
Dt — plety,

D" — we'u,

Dt = [5(500)etr,, fu(500) — 7zt 7~_0630 + 0.043 + 0037 >
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1.445 £+ 0.058 £ 0.039
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DY — [fy(980)etv,. fo(980) - 7z~ <0.028
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M, (GeV/c?)

for light mesons of ay and f

D* - ay(980)%e*v, D° - a,(980) etv,

Bo_ 4 (980)-¢*vBao(980) -~ = (1. 331032 + 0.09) x 1074

MB%(%O)O—W:O =1 66i812(1, +0.11) x 10~

/[BD’L—;{O(SOO)e’Lv + Bpt_f0980)etv]/Bp+aq(980)0ety > 27
Supports tetraquark assumption
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Study of Dy - ¢pu™v,

7.33 fb-'1@4.13-4.23 GeV

D; - ¢ptv, JHEP12(2023)072
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Study of D% - p~etv,

7.9 fb-1@3.773 GeV
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Recent results of D? - K*" v,

7.9 fb-'@3.773 GeV

D° - K* (K n%pu*v, D° - K*~(Kgm)e'tv, D° - K*~(K{n )utv,
PRL134(2025)011803 JHEP03(2024)197 PRL135(2025)111803
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Comparison of form factors of D% - K*~
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Recent results of D —» K*%e*v,

Dt - I_(*O(Kgno)e+ve Dt - I_(*O(Kgno)ﬁvl arXiv:2506.05761, accepted by PRL
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Comparison of form factors of D* - K*°

Lattice

Lattice

Experiments Experiments
E691 PRL 65, 2630 (1990) | ¢ {2.00+0.60+0.30 E691 PRL 65, 2630 (1990) | ¢ { 0.00£0.50£0.20
E653 PLB 274, 246 (1992) : ¢ { 2.00£0.34+0.16 E653 PLB 274, 246 (1992) e 0.82+0.22+0.11
E687 PLB 307, 262 (1993) : o ] 1.74+0.27x0.28 E687 PLB 307, 262 (1993) —o— 0.78+0.18+0.10
E791 PRL 80, 1393 (1998) —e— 1.84+0.110.09 E791 PRL 80, 1393 (1998) —— 0.75%0.08+0.09
E791 PLB 440, 435 (1998) e 1.90+0.110.09 E791 PLB 440, 435 (1998) F—t— 0.71£0.08+0.09
BEAT EPJC 6, 35-41 (1998) f—— 1.45£0.23£0.07 BEAT  EPC6, 35-41 (1998) f——] 1.00£0.15+0.03
FOCUS  PLB 544, 89 (2002) e 1.50£0.060.04 FOCUS  PLB 544, 89 (2002) = 0.88+0.05+0.06

wenn 20000 PRD 83, 072001 QOL1) oo s L46£0.020.03 1 ... BaBar .. PRD 83, 072001 (2011) oo o 0.80£0.02£0.02
BESIII PRD 94, 032001 (2016) o 1.41£0.06+0.01 BESII  PRD 94, 032001 (2016) o 0.79+0.04+0.01
BESIII JHEP10(2024)199 o~ 1.43£0.07£0.03 BESHI  JHEP10(2024)199 e 0.72£0.06+0.02
BESHII arxiv 2506.05761 4 1.42£0.030.02 BESHI  arxiv 2506.05761 ol 0.7540.03+0.01
AVE PDG ke 1.49+0.05 AVE PDG [ 0.80+0.02

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 15 2.0
(Dt -K'(892)°) n(D* -K'(892)°)
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Observation of D - K,(1270)e"v,

* - K,(1270)%"v, PRL123(2019)231801 D° - K,(1270)"e*v, PRL127(2021)131801

40p 30p
§30_ s | *>100‘ < | T | >100
s | = 0 = | |
= uf <1 =1 = 4

5 = | v =
~ 2 N B0 00 o0 s o0 0

010 005 0.00 005 0.10 M2, (GeV?/ct)
My - (GeVich) Uppiss (GeV)

Bt g0(1270yety, = (2.30+0.26£0.1820.25) x10~3 B ok, (1270)-e*v, = (1.09+0.13£0.13+0.12) x10~3
Helps to test various theoretical calculations New window to explore the property and
which are sensitive to K; mixing angle nature of K; and K; mixing angle

' S. Momeni, Combined analysis of D - K,e*vand B - yK,
«on  JPG46(2019)1p5006

helps to constrain new physics effect in the
studies of photon polarization in b - sy process

Wei Wang et al. PRL125(2020)051802
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Decay dynamics of D - K,(1270)e*v,

Decay formalism of D - Ae*v,, A - P,P,P;

‘Rg, - ]7 [ |

M= (V—A)H. [Z €' ()LW),LLE(AW){)‘ ) [Z E*(;[E:L)HE(AEJO-

Aw-l

)I,K,l
* More independent kinematic variables of five body semi-

leptonic decay — general formalism 1s required!

D - KW' » D - KW' (Ky|sy,(1 —y5)|D). cited from PRD
. . . - - - _ A(O) _ VZ(O)
o 104,053003 2021) = V12 & A =1y = - &1y = 5=
K, - Knm

* K, — Kmm: Constructed in covariant tensor formalism,

following Eur. Phys. J. A 16, 537(2003)

« mp, — 0: gH = 0 is used.
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Study of DY) > K,(1270)/K{(1400)e*v,

20.3 fb' @3.773 GeV  PRL135(2025)091801

% 2 73/Nbin=52.9/64
2 2 z Z Variable Value
s S Z 2 ra (x10-2) “112+1.0£00
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) } 2 2 fmrr (%) 70.3+2.0 £ 25.7
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= = L4 = = = = K,(1270) — K 7 D-wave FKI(lZTOj (1\16\/) 168 & 10 &£ 20
§ = H.Mwn'qd- --y

0.8 Lo 1.2 e 1.2 1.4 L6
Moo (GeV/c?) Moo (GeV/e?)

= BUXHENEID — AZFRREGEAAREF;
s *aﬁﬂ’ﬁ!JED - K;1(1270)e* v, 533ZkL, BIX
0 () | D - I_(1(14'OO)6+V8;

T E] onTREANRTRERENTOME. SRk RAR
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First observation of D - K,(1270)u*v,,

7.9 fb-1 @3.773 GeV

:_ D'—-K rtirluty

PRD110(2025)L052012

| @ Data
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[ _.BKG III
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Observation of D - b{(1235)e™v,

arXiv:2407.20551

Event / (40 MeV/c?)

Event/ (40 MeV/c2?)

7.9 fb' @3.773 GeV

- p0 1b1(1235)‘e+ve 5.20

i

]

= =
g===", 1 MRLERET Y s &

_Bll- - b1(1235)°e+ve 3.1¢

M, (GeV/c2)

Event/ (10 MeV)

Event/ (10 MeV)

10

0

I(D° - by(1235)"e*v,)/2I(D* - by(1235)%*v,) = 0.78 + 0.19+3:9

30f
20f

10f

OF
30

20f

E (b) B’ Kinrety,
| B ) L. Kgn’fm'c“
l'- Kt
. non-DD decays

Other D decays

. D'— Tv?'f’l'tol,"'ve
- D= K ':‘n‘]n+u+\, .
By o

L . non-DD decays

Other D decays

-0.1 -0.05 0 0.05 0.1
U . (GeV)

miss

B (D° - by(1235)"e*v,) X B(b,(1235) - wn™) = (0.72 + 0.18%303) x 10~*

B(D* - by(1235)%*v,) x B(b4(1235)° - wn®) = (1.16 £ 0.44 + 0.16) x 10~*
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LFU tests in (semi)leptonic D decays before BESIII

Tension in B physics

R(D%)
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R(D)=0.339%£0.026 £ 0.014 B
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Tension in D physics

BPDGIB[p0 & 7=p*v] = (0.237 £ 0.024)%

FPDG18[DO - n‘e+v]

The knowledge of semimuonoic charm

(2.10)

0.985

meson decays is very poor

7%FOCUS

3%CLEOC

= 4%Belle
K*~  139Focus
c - sltv
K7 NA
m 10%Belle
p- NA
c-dltv
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¢
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17— LFU tests via leptonic charm decays

PRL123(2019)211802
-> JHEPO01(2015)089
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—%— Data
Total Fit
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PRD108(2023)112001
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PRD108(2023)092014,
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JHEP09(2023)124
E o
T T T e

R —
PS T B[DS > ptv]

BBESII[p+ 5 y+y] = (5.294 + 0.108 + 0.085) x 1073

BBESIH[D;' - ttv] = (5.32 £ 0.07 £ 0.07)%

B[DS —» 7]

= 10.05 + 0.35

SM prediction: 9.75 56



Overall status of studies of semimuonic D decays

I Y T Y Y

K- 4%>0.6% K°
K~ 13%>25% K™
c - sltv _
K7 NA>25% K9
m© 10%23.7% 0
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w
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u-e LFU tests with semileptonic decays in different g2 bins

PRL122(2019)011804 > D°* - n~%u*v, PRL121(2018)171803

PRD110(2024)012006
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u/e

D° - K~
D° - n~
D° - p~
Dt - K°
D+ = 1°
Dt —n
Dt -1’

D° - K*~

D+
- K*0(K3m%)

D° - K[
Dt - K?

Summary of LFU tests

0.971 + 0.004 £+ 0.005
0.922 + 0.030 + 0.022
0.90 + 0.11
0.978 £ 0.007 + 0.012
0.964 £+ 0.037 £ 0.026
091+0.13
1.07 £ 0.19 £ 0.03
0.955 + 0.022 + 0.017

1.020 £+ 0.030 £+ 0.028
0.94 + 0.02 £ 0.01

0.7440.13 £ 0.13
1.03+0.14 £+ 0.015

PRD110(2024)112006
PRL121(2018)171803
PRD104(2021)L091003
PRD110(2024)112006
PRL121(2018)171803
PRL124(2020)231801
PRL134(2025)111801

PRL135(2025)111803

PRL134(2025)011803 L]

arXiv:2506.05761,
accepted by PRL

PRD111(2025)L071101
PRD111(2025)L071101

ule

T/U

Branching fraction ratio

D - K°

Df -t

1.05 + 0.14

1.14 + 0.28

0.88 + 0.10
0.984 + 0.028 + 0.016
0.989 + 0.082 £+ 0.034

0.97 £ 0.12 + 0.04
0.94 £ 0.08
249 + 0.31

10.05 + 0.35

SM predictions for semileptonic
decays: 0.90-0.99

No deviation greater than 1.7¢
is found!

Reference

PRD101(2020)072005
PRD110(2024)092008
PRD110(2024)092008

PRL132(2024)091802

arXiv:2510.05904
JHEP12(2023)072
JHEP01(2025)089

PRL127(2021)171801



= In recent years, many important results have been achieved in charm
meson physics at BESIII:

~ Decay constants, form factors, |V_ | and |V_4|: (0.4-1.5)%;
> LFU test: <1%.

= Some physics results based on 20.3 fb-1@3.773 GeV data have been
published

= More results are expected in the near future

15359 !
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BFe'e” - D;' D" HID; FIERTAIAR

arXiv:2406.01332,
accepted by PRD
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