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Introduction

Introduction

Ve Vs Vi 0.97367 £0.00032 0.22431 4+ 0.00085 0.00382 £ 0.00020
VERGH = | Vg Ve Vo | = 0.221+0.004 0.975 = 0.006 0.0411 = 0.0012
Vie Vis Vi 0.0086 % 0.0002 0.0415 + 0.0009 1.010 £ 0.027
@ CKM matrix is the basis of Standard Model and only determined at experiment

Vrtv=1

Vaal? + [ Visl? + [ Vil? = 0.9984 4 0.0007 |V + | Vesl? + | Vep|2 = 1.001 £ 0.012
[Viudl? + |Veg|? + |Vigl? = 0.9971 £0.0020 | Vius|? + | Ves|? + | Vis|2 = 1.003 £ 0.012
Uncertainties mainly contributed by |V.| (0 = 0.6%) and |V (o = 1.8%)

Improving the precision of |V 4| is extremely important;

Leptonic and semileptonic Dy, decays are the most important way to determine \Vcd(s)\
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Introduction

Vv

g “[“) W I F(D(t) — (Tyy) =
N
G2
Dy, % g9 #|ch|2‘fD(ﬁ)’2m§mD(ﬁ)(1 - m?/mZDzrs))Q
a6 iy, v,

Charm leptonic decays involve weak and strong interactions
Latest LQCD: fy; = 249.9(05) MeV (0 = 0.2%); fip+ = 212.1(07) MeV (0 = 0.3%);
Decay constant fD(+> measurements=-Calibrate LQCD calculations

@ |V¢4| measurement =Test CKM matrix unitarity
o BF ratios=Test lepton flavor universality (LFU)
_ 2 17m2/m2 )2
boRSM _ mAlom/me )2 s sy T e
DT RT/M = mam mg;+)2 =2.66 £0.01; DJ: RT/M = ’"i(lf’"i/’"i,j)z =9.751+0.01
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BESIII dataset and double-tag method

@ e e  annihilations data near threshold

;* - =-Double-tag method& Clean environment
(& plam @ Undetectable neutrinos=-extract the leptonic signals
et _b>:j/’(3776)\/i<‘_ e Umiss = Emiss - |5miSS‘v Mriiss = Eriiss - |5miss| 2
P i SN H
W,fﬂ%ﬂ;&?&;@ @ BF with double-tag method: B = Nsm%f/m
e o =-Systematic uncertainties on the ST mostly canceled
Data sample Eem (GeV) | Line (fb~1) | Single tag yields (x10°)
ete” — ¥ (3770) — DD 3.773 20.3 DY ~16.9; D~ ~11.0
ete” — DEDIT 4.128-4.226 7.33 D; ~0.8
ete” — DIt DEi™ 4.237-4.669 10.64 D ~0.12
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D = wt v
D" — uty,

Events / (16 MeV?/c4)

[ +Data ]

800 ——All PDF X2/NDOF=1.0 _|
I - -Signal PDF +
I —All background A
[ - mtn®

600 [t (mt Vv, _
[ Y u+v!‘
| —Other background

400 —

200 —

%2 -0.1 0.1

Nag = 2833 + 57

0.0
M2, (GeVZ/cH)

© I'ptyphy, = FOD+»£+W[1 + 2C,] = Radiative
correction term

1 Short-distance electroweak correction increases BF
by 1.8% [PRD98,074512, NPB196,83]

2 Long-distance electroweak correction [inner
bremsstrahlung and virtual photon] reduce BF by
2.5% with 0.6% uncertainty of unknown
electromagnetic correction [PRD98,074512]

@ 20.3 fb~1@3.773 GeV [PRL135(2025)061801]
e B(D" — ptv,) = (4.034 £ 0.080 £ 0.040) x 10~* Precision is improved by 2.4x
fo+r = (213.5+£2.14+1.14£0.840.7)MeV(~1.2%) |Vey| = 0.226540.0023+0.001140.0009+0.0007
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Leptonic decays Dt — -+t vr

DY = v, viatt — o,

o m—like: Egme > 300MeV oo
«a «a
o Total Fit S
~ o ~
% 80 D' T, T %, %
O [ =Dy, )
: L D*— :400
< 60 r— D*—> K‘Zn‘ <
S D Kin* S
~ E + ~
—— D'-
‘E o D*— t*v, T*— non a*v, ‘E 200
2 [ = Smooth bkg 3
2 5 =
0k

(GeV/cz)

mlss

0=

02 i :
Ny = 283 + 32

e 7.93 fb~1@3.773 GeV [JHEP01(2025)89]

e Precision of BF is improved by 1.8x: B(D* — 7Fv,.) = (9.94+1.1£0.5) x 1074
5.9%) |V = 0.216 £0.012 £ 0.006 + 0.001 (~

=i = 2,45 4+ (.31, consistent with RSI/VI = 2.66 +£0.01

o fpr = (204 +11+5+1)MeV (~

o LFU test: R/, =

ERE

r

D+ —ut vy
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M2, (GeV/c2)2
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D = cteoad B = et
D" — e've, D" — ~vetv,, and DI — ye'r,

Dt — ety, 20.3 fb~! B

=

T CPC49(2025)063001

¢+ Data

oo
r — Signal

D'V, BKG

— Total fit

Events/0.010 GeV¥/c*
s
S
T

20—

[T AT

0.2 0.1

Events / (10 MeV)

=N

T

D+ N ,YeJrVe 20.3 fbfl D+ — 7e+ye 3.19 fb_l

if arXiv:2503.16070 i, PRD99(2019)072002 "]
2-\\\ Stgnal }l : E F
4 D* - n'¢*v, BKG _E e 157
2 Other BKG _E E r
0 £ 10f
8 ' g F
6 E
4 e ° 5:
2 rmnend ANV L ‘ _; i
Yoo 0.1 0.0 01 02 92
Uniss (GeV) Uy (GeV)

@ DT — etv, is helicity suppression; D( ) — ~vet v, mitigates helicity suppression

Theoretical predictions: B(D* — etv,) < 1078; B(D 5 — yetve) ~ (1075 —1073)
B(D* — eTve) < 9.7 x 1077@90% C.L.

B(D*t — vetve) < 1.2 x 107°@90% C.L.. Deep learning method is used

B(Df — vetve) < 1.3 x 1074@90% C.L.
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D = wtun
+ +
Df — pry,

= — ————
| —# Data

I [ ] Matched y(x") D} utv,
[ [] Unmatched y(x) D} wv,
[ [ Real-D, and non-D;

[Ny = 2515 + 72

300

Events / (8 MeV?/c4)

100f

-0.2 -0.1 0 0.1 0.2

M?

miss

(GeV?/ch)

e 7.33 fb~! ©4.128-4.226 GeV [PRD108(2023)112001]
o B(DF — ptv,) = (5.294 £ 0.108 £ 0.085) x 103 == Precision is improved by 1.5x
@ Most precision measurements in D4 leptonic decays

fop = (24844 2.5 £2.2) MeV (~ 1.4%) |Ves| = 0.968 £ 0.010 & 0.009 (~ 1.4%)
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oF = rtur

Df — v, viatt — Ty, (0= e, )

6.32 fb~ 1@4 178- 4 226 GeV

K'Knn'

* KK

1000

500

Events /(0.1 GeV)

— Bestfit

0 05 1 15 2 D7

oo
0 05 1 15 2

Klr BG
D5 T (et VN signal
E, (GeV) ... Signal +all BG

o 7t — e, [PRL127(2021)171801]

B(Df — 7Fv;) =
o= (251.1 + 2.4+ 3.0)MeV (~ 1.5%)

o

(5.27 £0.10 £ 0.12)%

|Ves| = 0.978 4 0.009 £ 0.012) (~ 1.5%)

7.33 fb~1@4.128- 4 226 GeV

KK oSy enen ot [
500 m ) o
anf | a0
a0 ) o ’
20011} o 100 T
''''' ) 5
D KK 80[D- KK wx
100 r |
X o b
s h o,
8 A |l
= T o™ o
> S x x 2000 7%
. o &
g
& ) < -
sof 444 20f o#?
it sof| e oo
[ [
o Nt
150 4 Dua
— FitReult-
a0
o 100 :  Signal
) A 4 BKa1
Sty ket 1 BKGH
- H - = BKGHI
[ 05 s
o
Ectra 1 (GeV)

® 7" — ptv,v, [JHEPO9 (2023)124]
B(D} — 77v;) = (5.37£0.17 £ 0.15)%
for = (253.4£4.0 £3.7)MeV (~ 2.2%)
|Ves| = 0.987 £ 0.016 & 0.014 (~ 2.2%)
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Leptonic decays DSJr — ot v

Df — v, viatt - 7nfp,
6.32 fb~1©@4.178-4.226 GeV

p—like
Egnvic < 300MeV

m—like
Egnvic > 300MeV

o 7t — ntp, [PRD104(2021)052009] °
B(Df — 7Fv;) = (5.21 £0.25+£0.17)%

for = (249.7 £ 6.0 £ 4.2)MeV (~

2.9%)

|Ves| = 0.972 4 0.023 £ 0.016 (~ 2.9%)

7.33 fb71@4.128-4.226 GeV

'S
o
S

LI R B B R

— PDF: Total
M PoF: signal

PDF: BKG
200 -

Events / 0.02

L, u++ hhmﬂhm u. MR
PP AnREaits
05 04 02 0 0z

Pull
NOon o
L

7t = 7t with BDT
[PRD108(2023)092014]

B(DF — mFv,) = (544 +£0.17+0.13)%
fpr = (255.0 4.0 + 3.4)MeV (~ 2.1%)
|Ves| = 0.993 £ 0.015 £ 0.013 (~ 2.0%)
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Leptonic decays D:r — ot v

DY — 77v, viatt — 7770,

. . 2
Simultaneous fit to M2,

@/s =4.178-4.226 GeV

< " o 40F7T < ‘
§100- 4178 Gev{ 2 4.189 Gev] 2 4.199 GeV
3 Z 30t % 30r 1
3 S
3 2 2 5t
S sol S 200 s 2
g Wyl 5 10 ERUS
2 e ) ] 2
[ : 0
T aamce] & A z
= - = = 40F
2 200 z 20r 2 30
S S S
s s S
£ Rl
& & a 10p
0 0

=05

e 7.33 fb~! ©4.128-4.226 GeV [PRD104(2021)032001]

o B(DF — 7Fv;) = (5.29 + 0.25 + 0.20)%
f

S 10
MM? (GeV )

BESIII ERNFARRTHHAR

bt = (2516 £5.9 £ 4.9)MeV (~ 3.0%) | Ves| = 0.980 % 0.023 % 0.019 (~ 3.0%)
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b o Tt
Df — p*v, and DI — 77v, via efe” — DD
10.64 fb~'@ 4.237-4.669 GeV PRD110(2024)052002 Df — 7 v, constrain the same BF

+‘>+e‘r"§.m +‘> o ””“I
601 Df — 11w, * Data 0 o ) T
ér: L — Best fit N=2845+83 - Dimay.
Pl L — Signal } 100F DK% ]
= | Use MUC cut A - BKG . 200 1z - Other BKG
S 401 “ ¢ i ' 3
g | N=507+26 3 ; 3 &
E [ ‘?5200 Tt = ptuuns S % O+ & 7t x0p, n
§ 20 = 1s0f R TR
= 100F | ! ]
¢ t t
_ 50 t B
i} ‘ — — e _
b2 01 M2 (GOeV2/ ) 0.1 0.2 00 05 = 59«;& Vl) 520 02 00 02 X o8 A
@ B(Df — ptv,) = (0.547 4+ 0.026 + 0.016)% @ fp,|Ves|pw, = (246.5+£ 59+ 3.6) Mev (~ 2.8%)
® B(Df — mtuy) = (5.60 £ 0.16 + 0.20)%
® R(r/p) = 10.24 + 0.57 (SM:9.7540.01) 0 fio|Ves|rw, = (252.7 + 3.6 £ 4.5) MeV (~ 2.3%)
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B = %
D" — e'v. and D't — (T

7.33 fb~1©4.128-4.226 GeVPRL131(2023)141802 6.32 fb™'©4.178-4.226 GeV PRD110(2024)012003

Events / (8 MeV/c?)

D*t — etu, D*t — utu
K I— 0k ®
B [ Background N
>
(5]
=
©
of 3 o
=
5
s3]
031 0.1 0 01 00 0l
U, O %ev) U, (GeV)

(D" = gre i
T .l . o3 DItV with T eV,
,% 4 I N = ()21’347 [ Other backgrounds
&)
g [ 2.90
RS
) Bes SR
-0.2 6 0.4
M, (GeVcY)
First experimental study of the D(S) purely leptonic decay
B(D;t — etve) = (21732 +£0.2) x 107°
fp*
r“’; =2.04 x 1073 x (&)2’/3(0’*+ — etwe)
I‘“’t"l 70 + 28 eV (LQCD) = fpe+ = (214705 £ 44) MeV
*+/ + = 1124001 (LQCD) = I}

*+—

(122179 +£12) eV

Indirectly constrains the upper limit on the F“’ta' from the MeV
(<19 MeV©90% C.L. PDG2024) to sub-keV Ievel

BESIII ERNFARRTHHAR

@ Upper limits are set at 90% C. L.

@ B(D*" = etr.) <1.1x107°

@ B(D*" = pTy,) <4.3x107°
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Comparison of fD+ and V(g |

Comparison of fp+ and | V|

CLEO PRD79(2009)052001, pv 1.000+0.040+0.016
555m0432 fbPRD94(2016)072004, |1V 245 5+17.8+5 f—=— BaBar PRD 103, pv 1
PRD79(2009)052001, |1V 256.7410.244.0 +=e—t Belle JHEP09(2013)139, pv
BaBar PRD82(2010)091103, uv  264.948.4+7.6 H—e—H BESIII 0.482fpt  PRD94(2016)072004, pv
Belle JHEP09(2013)139, pv . et BESIII 3.19fb7  PRL122(2019)071802, by 0.985:0.014:0.014
BESIII 3.19 fo? PRL122(2019)071802, hv  253.0+3.7+3. Wt BESIII 632fb  PRD104(2021)052009, v 0.973£0,012+0.015
BESIIN 6.32 fo! PRD104(2021)052009, v 2498+ el

BESIII 7.33fb  PRDI0B(2023)112001, v 0.968+0.0100.009
BESIII 106fb  PRD110(2024)052002, v, D_'D.’ 0.986:0.023:0.014

T T T T T T T T T T T T T T T T T T T T T
EﬁM(Z‘rlﬂ) PRD91(ZOJJ5)054SO7 247.2:h1 - CKMFitter P*Epzuzz(zozz)nazcm I 0.97349+0.00016 d
Eﬂ\écz(féﬁlﬁl) Eg?gg;%g?;églz g:g.gfo g 1 HFLAV21 PRD107(2023)052008 0.9701+0.0081 .

CLEO PRDT W 0021 HH
HFLAV21 PRD107(2023)052008 2522425 - cLEo PRDEO(2000)112004, v pposmgesrocii
CLEO PRD79(2009)052002, T,y 251 8+11.245.3 #—s— CLeo PRD79(2008)05200L, 1.y 10720 -
CLEO PRD80(2009)112004, 1,V 257.0+13.3¢t5.0 +m=—1 v PRD o o
Belle JHEP09(2013)139, T Hv 1.017:0.019:0.028 o
PRD82(2010)091103, [
::ﬁ:r JHFPOé(?o1%>139 T fot 20468 6‘12 - BESIII 632fb?  PRD104(2021)052009, T,v 0.972+0.023:0016 14t
BESIN 6.32 fb. PRD104(2021)052000, ‘w N M BESII 632fb?  PRD104(2021)032001, T,y 0980:0.023:0019
BESIII 6.32 for PRD104(2021)032001, TV 251.655.0+4.0 e BESIII 632fbt  PRL127(2021)171801, Tv 0.978£0.009:0.012 [}
9 27(2 K y1  PRD: 4, T,y "
1 PRL127(2021)171801, T,y 251.1+:2.4+3.0 W BESIII 7.331b )
‘;Eg,‘:}?gé ;E" PRD108(2023)092014, T,y | BESIII 7.33fbt  JHEP09(2023)124, 1, . 0.987:0016:0014 [
BESII 7.33 fo! JHEP09(2023)124, 1,0 Pl BESII 106fb"  PRD110(2024)052002, v, DD, 1011+0.014:0018 M
BESIII 10.6 fb? PRD110,052002, v, DD, o
. -
bt
-
—
"
"
o
"

BESIII 7.33 fo? PRD108(2023)112001, v, 248.4:2 520 v
BESIII 10.6 fo! PRD110,052002, uv, D ‘D 253.2¢6.143.7 Cond

BESIII Combined ™ 0.9892+0.0060:0.0071  #
BESIII Combined ™ 253.93+1.54+1.82 ™ BESII| Combined TV+ pv 0.9820+0.0052+0.0071 ¢ 0.9%
Bﬁs\l\ Combmed W+ HV ‘ 252.0841.34+1.82 W 0=0.9% L L L ‘ L ‘ L L 1 1
L L L L L L L
0 100 200 v
fyx (MeV)

cs

@ Averaged BESIII results, precisions of fp, and |Vcs|: 0.9%
@ B(Df — ptv,) = (0.5310 £ 0.0099 £ 0.0053)% and B(DF — 7+ v,) = (5.359 & 0.067 £ 0.074)%
R(T/p) = 10.09 + 0.28 (o ~ 2.8%), consistent within SM (9.75+0.01) 1.20
BESII _F&N FARREHHGR
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Comparison of fD+ and |Veg(qy |

Comparison of fp+ and |V

‘FLA(“=21(211+1E‘PJC82‘(2022)‘869 " Taemor T Exwiter Pod " T 02ausesoboosr | T
FMILC(2+1+1) PRD98(2018)074512 2127406 g HFLAV21 PRD107,052008 0.2208+0.0040 L]
FMILC(2+1+1) PRD90(2014)074509 212,604 | CLEO PRDB80,032005,1"e"v, 0.2381+0.0066+0.0025 -
ETM(2+1+1) PRD91(2015)054507 207.4+38 e BESIII PRD92,072012,te’v,  0.2278+0.0034+0.0023 &
ETM(2+1+1) LATTICE2013(2014)314  202.0+8 ——t BESIII PRD96,012002,7%'v,  0.2243+0.0058+0.0026 W
FMILC(2+1+1) LATTICE2013(2014)405 ~ 212.3+0.3+1.0 . BESIII PRD97,092009,ne’v,  0.2264+0.0338+0.0318 H——+
FMILC(2+1+1) LAT2012(2012)159 209.2+¢30+36 el BESIII PRL124,231801 01",  0.242+0.041+0.034 ]
HFLAV21 PRD107(2023)052008 205.1+4.4 [ag/ BESIII PRD110, 052012‘K"c’v(‘ 0.238+0.018+0.036 e
CLEO,uv PRD78(2008)052003 207.248.7+2.5 +——=1 BESIII PRD89,051104,u'v, 0.2165£0.0055+0.0020 ™
BESIII pv 2.9fb” PRD89(2014)051104 204.2453+1.7 =4 BESIII PRL123,211802,7v 0.238+0.024+0.012 —
BESIII,tv 2.9fb™ PRL123(2019)211802 224.7+22.5+11.3+———+—H BESIII JHEPO01,89,T'v, 0.216+0.012+0.006 e
BESIII,tv 7.9fb™ PRL123(2019)211802204+11+5  #—e—nd BESIII PRL135,061801,u'v, 0.2265+0.0023+0.0015 1
‘BESH‘\,W‘ 2(‘)_3|b“PRL11‘35.0612‘301 ‘ 213.‘5¢2.L+‘15 | --‘o=1.‘2% BESI Nat cTn ‘16‘6‘81.r‘|e'\1,, 0.208:0.01420007 44
0 100 200 -0.6 -0.4 -0.2 0 0.2
f (MeV) A

@ Precisions of fp and |V 4|: 1.2%
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Summary

@ Purely leptonic decays of charm mesons are important for determining CKM matrix
elements, calibrating LQCD, testing LFU, et al,;

@ Precisions of | V| and fj,+ have been reduced to 0.9%

Precisions of | V4| and fp+ have been reduced to 1.2%

No evidence of 7 — p LFU violation is found via Dz;) — Ty (0 ~ 2.8% for Dy)

2.90 significance for DT — e v, and no signal for D** — (T, and Dz;) — yeT v,

Additional 3 fb~!data @4.178 GeV in future [CPC44(2020)040001] will further improve
the precisions in Ds sector.

Thank you
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