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BESIII Data near Threshold

* 20.3fb" at Ecm 3.773 GeV: ete™— P(3770)—DD
* 7.33fb'at Ecm4.128 - 4.226 GeV: e*e™— D.D:

Production of charm hadron pair

® y
¢ Tag one side

QK?‘/&(@?’WO) e~ to study another side
)
T l ‘
Fully reconstruction Recoil four-momentum
Clean sample missing particle (neutrino)
Hadronic decays (Semi)-leptonic decays

Absolute branching fraction
Amplitude analysis
etc.
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Motivation

« Charm Decays: The Best Probe of |V ;| and |V ]

Pure & semi-leptonic channels provide the most precise measurement.

oy V.. M 0.97367 + 0.00032 0.22431 + 0.00085 0.00382 + 0.00020
\/CPI?I\%}?O24 = |(V; V= V4| = 0.221 + 0.004 0.975 + 0.006 0.0411 + 0.0012
Viie Yo Y 0.0086 + 0.0002 0.0415 %+ 0.0009 1.010 + 0.027

* Verifying the unitarity of the CKM matrix to test the SM.
V4% + |Vosl? + |Vy|? = 0.9984 + 0.0007 ~0.07%

Veal? + [Ves|? + [Vep]? =1.001 + 0.012 ~1%



Motivation

Leptonic decayf

Ggfi+ 2\ 2
() 2 m;
F(D(-;) - l+1/) — - Vcd(s)‘ mlsz(-I;) (1 — m2 )
D+
(s)

* |Vea(s)| measurement = Test CKM matrix unitarity

* Decay constant measurements = Calibrate LQCD calculations
e Ve 1 v Ty

D*10™>: 1 :2.67

Test lepton flavor universality (LFU) DY10°5: 1 :9.75

* Branching Fractions B, ;; =
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D" - utv,

20.3 fbl@E_,,,=3.773 GeV PRL 135, 061081 (2025)

| 4Data
600 genppr  [Vsig =2833E£57 4 e Tp ., =T9, . [1+2C,] = Radiative
= I :#}:ﬂ})ackground 4 ] correction term
E 400 ‘_:gilzf*bvgl\lfggmund 1 1 Short-distance electroweak correction increases
= i BF by 1.8% [PRD98,074512, NPB196,83]
§ I 2 Long-distance electroweak correction [inner
% 200 [~ bremsstrahlung and virtual pho&on] reduce BF
3 I ) ] by 2.5% with 0.6% uncertainty of unknown

X P - electromagnetic correction [PRD98,074512]

%22 01 00 oL N

My (GeV?/c?) D* - yu*v, background is simulated in the fit

B(D* - utv,) = (4.034 £ 0.080 + 0.040)x10~*
Precision is improved by 2.4x

fo+|Veal = (48.02 £ 0.48 & 0.24 + 0.12,,¢ = 0.15g) MeV

fpr =(2135+21+1.14+ 08+ 0.7) MeV (~1.2%) Most precise
|Veal = (0.2265 + 0.0023 + 0.0011 + 0.0009 £ 0.0007) 8



DT - ttu,viatt - Ty,

+ +
D™ = 77, 7.93 fb1@E,,=3.773 GeV  Ng;q = 283 + 32 JHEP01(2025)089
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B(D* > ttv,) = (9.9 + 1.1 + 0.5)x10~*
FotlVeal = (459 £ 2.5 + 1.2 + 0.1j,,,) MeV

fo+ = (204 + 1145+ 1) MeV (~5.9%)
V4] = 0.216 + 0.012 + 0.006 + 0.001

LFU: ;—T = 2.45 + 0.31 consistent with SM 2.66 + 0.01

u
To be updated using the 20 fb™! full dataset
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D" - e v,and D™ - ye™v,

20.3 fb'@E,,,=3.773 GeV

CPC 49, 063001 (2025)

CPC 49, 083001 (2025)

T

80 __ 20 —— Data =
18 — Fit (@ 3
T el t Data % 16E N\ Signal 3
N% - — Signal E 14E D* - n%*v, BKG =
§ - D" —>n’e'v, BKG S 12 Other BKG 3
S 40— = -
% - — Total fit ; 10
E = 8
> B -5
= 20 & 6 g ..
i ! 4‘ Tl
_* ' I} l 1 oLl T T N N ST S WA RN 2 - 0| 1 R "\:\ —j
_%.2 —0.1 0 0.1 0.2 q) srrrrr m 1 00 71 00 T -1—;‘&\ N
M, (GeV/ ¢t -0.2 -0.1 0.0 0.1 0.2
Umiss (GeV)

D* — e*v, is helicity suppressed. D* — ye*v, can reduce this suppression.
Theo. Prediction: B(D* - e*v,) < 1078, B(D* - yetv,) = 107>~ 1073
B(D*T - etv,) < 9.7x107% @90% C.L.
B(D* - ye*v,) = 1.2x10™> @90% C.L.

Help to estimate background in D™ - u*v,
10



Di - ptv,

7.33fb"1@E,,,=4.128-4.226 GeV PRD 108, 112001 (2023)

=R POEEEEN [DWEEE [CUNEN IR FTENSS EEES (TEEES P | l I

L Matched y(x) D! - p'v,
- [_] Unmatched y(z") D'— p*v,

300 | [ Real-D, and non-D]
A Ngig = 2515 £ 52
200

10*

Events / (8 MeV?/c%)

100

i e B e o "‘ v e gt il ibtbailied — -

02 0.1 0 01 0.2
M2, (GeV?/ch)

B(DF - u*v,) = (5.294 + 0.108 + 0.085)x 1073
folVes| = (241.8 £ 2.5 + 2.2) MeV
fp+ = (24844 2.5 +2.2) MeV (~1.4%)
V.c| = 0.968 + 0.010 + 0.009 (~1.4%)
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DT - t7v,

+ +
T+ — e+vv PRL 127, 171801 (2021) T — U VV JHEP09(2023)124

+ KgK- 1000 _:!: KKt ] 800 F II(+K-TI‘:.TI:0 800D~ K'K™ 1400}Pi— K'Knn® 1 400 |D;— mnmw {200 _D;—> KK
200 ] H 600
100 _ j 500 :.El':-' ] 400-2' . 1 100}
200
100 - 1 150 " 1400 80[-D;— KK n'm
= 4 §
> o 100 _ ] 1300 -E E 60} + 1
O s0pi, o 200" ; > 1 aof 4 ]
- . N Ee T ]
d 50 : 100 o L’J 20 éfé$ 71
< senil = S "
= 100, = . =1 ; t
2 200F" i I : S ol v ]
g i 400 : e G
> 150 1 i 5
= e ] 3 50!
10055 00 . ] ., <}
SO &, o 1
00 0 05 1 15 2
200 ] 5 ¢ Data
n 200F:: { — Bestfit b 1 —— Fit Result
¥ " 4 Non-D; background(BG) a00r | 100} ¢ ;
100 ¢ -, 1 + +, [] signal
) 100 I D;—Xe'v,BG 000 AR 6 BKGI
] 0 77 D;—>K{e'v, BG 2000 ot ] Sor|Letde 1  mmsken
0 05 1 15 2 " DDKwBG 1 SE ) - - BKGm
tot D> T*(—e*v T v, signal 0 05 1 15 2 0 05 1 15
E ;.. (GeV) ... signal+all BGs ES. ., (GeV)

B(DF - t+v,) = (5.27 £ 0.10 + 0.12)% B(Dy —»1tv) = (5371 0.17 £ 0.15)%
folVes| = (2444 £ 2.3 £ 2.9) MeV filVes| = (246.2 + 3.7 + 2.5) MeV

fpr = (251.1 + 2.4 + 3.0) MeV (~1.5%) fpr = (253.4 + 4.0 + 3.7) MeV (~2.2%)
V.s| = 0.978 + 0.009 + 0.012 (~1.5%) [V.s| = 0.987 + 0.016 + 0.014 (~2.2%)
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DT - t7v,

tt > mtv  PRD 108, 092014 (2023) Tt > T 5pp 104, 032001 (2021)
: ] %3150' 4.178 GeV ﬁguj % 4ol 4189GeV :;f wf
L - 3 S .t
§ 400— —— PDF: Total ] gloo- é 0 é 30;
=~ I roF: signal i g sof 3 £ 20;
> <°r il o O e 0
L i | T % 30 4219 Gev %
% 30; % o
- — 3 g g 40_‘
g:_ ------------------- E S 20 s =
I VNI U LTV TVA N TRUVRLANE LR TONE R 3 )
a _2g_oo||+ Ty LI ++ +'T++IT+f +T+ BEAEE 510 N 5 5
06 04 02 0 02 00003 1.0 o = 0.5 1.0
BDT MM? (GeV?/c%)
B(DS - tv;) = (544 +017+0.13)%  B(DS - tv,) = (5.29 £ 0.25 £ 0.20)%
fo#Ves| = (2483 + 3.9 + 3.1 + 1.0) MeV foglVes| = (244.8 £ 5.8 £ 4.8) MeV

fpr = (2550 + 4.0 +3.4) MeV (~2.1%)  [oy = (251.6 £ 5.9 4.9) MeV (~3.0%)
IV.s| = 0.993 + 0.015 + 0.013 (~2.0%) IV.s| = 0.980 + 0.023 + 0.019 (~3.0%)




DI - lTv,viaeTe™ -» D;TD;

PRD 110, 052002 (2024) [ Di-r, ‘oun | Dy, o
400 :ls;ie;;:;t . 150F
s -~ BKG [ i
10.64 fb~ 1@ 4.237-4.699 GeV _ _ : :
[ : + 1 100}
60 —D;_NXW“ ¢+ Data > 200 . E [
1’: L — Best fit 3 I g7 \ | % 50}
< R 7~ N CHE
) - o =
S S - S
Z 40— 2 [ Dror 2
< L g [ Ds _>Ttxvr L gat:rt ~ 60
g I 3 200:‘ — Signal ‘2 I
~ = [ - BKG g |
2 T 2 1 &
> L i { 1 I
=L 100} 1 * .
I . - { ™ | | 2
Fo e —A— =t == [ 1 1 1 | _ — 50._ ¢ - { _-
-?).2 -0.1 , 0 " 0.1 0.2 i
"N o M TNN— o
M (GeV7/ct) 00 05 10 15 20  -02

Eon ' (GeV) T MR, (GeVY/cd)

B(DS - pu*v,) = (0.547 £ 0.026 £ 0.016)% B(DF - t*v,) = (5.60 + 0.16 + 0.20)%
forlVes| = (246.5+59+3.6+0.5) MeV  fpglles| = (252.7 £ 3.6 £ 4.5 1 0.6) MeV

for = (253.2£6.0 +3.7 + 0.6) MeV fp =(259.6 + 3.7+ 4.6 + 0.6) MeV

IV.s| = 0.986 + 0.023 + 0.014 + 0.003 IV.s| = 1.011 4+ 0.014 + 0.018 + 0.003
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Comparison of [+

| | | |
ETLAGZI(2+1+1EPJC82(2022)|869

|
212.110.7

FMILC(2+1+1) PRD98(2018)074512 212.7+0.6
FMILC(2+1+1) PRD90(2014)074509 212.6+0.4
ETM(2+1+1) PRD91(2015)054507 207 .4+3.8
ETM(2+1+1) LATTICE2013(2014)314  202.0+8 ——i

FMILC(2+1+1) LATTICE2013(2014)405 212.3+0.3+1.0
FMILC(2+1+1) LAT2012(2012)159 209.2+3.0+3.6
HFLAV21 ............ PRD107(2023)052008 ............... 2 OSIi 44 ..............................................
CLEO,uv PRD78(2008)052003 207.248.7+2.5
BESIII,uv 2.9fb" PRD89(2014)051104 204.2+5.3+1.7 e

BESIII,tv 2.9fb  PRL123(2019)211802224.7+22.5+11

BESIII,tv 7.9fb,PRL123(2019)211802204+11+5

BESIILUV  203fb",PRL135061801  213.5+2.1+1.5
| ] l l l l l | |

0 100 500
f . (MeV)




Comparison of f ¢

EfM@i1+1)  PRDOY(2015)054507' ' od7ockq T |
FMILC(2+1+1) PRD98(2018)074512 249.9+0.4
FLAG21(2+1+1) EPJC82(2022)869 249.9+0.5
HFLAV21 PRD107(2023)052008 252242 5
CLEO PRD79(2009)052002, t,v  251.8+11.2+5.3
CLEO PRD80(2009)112004, v 257.0+13.3+5.0
BaBar PRD82(2010)091103, 1., v  244.6+8.6+12.
Belle JHEP09(2013)139, 1o, v 261.1£4.8+7.2
BESIII 6.32 fo'' PRD104(2021)052009, t,v  249.7+6.0+4.2
BESIII 6.32 fp! PRD104(2021)032001, ©,v  251.6+5.9+4.9
BESII 6.32 fo'! PRL127(2021)171801, 1,v  251.12.4+3.0
BESIII 7.33 fb'' PRD108(2023)092014, t,v  255.0+4.0+3.1
BESII 7.33 fo' JHEP09(2023)124, 7,v 253.4+4.0+3.7
BESIII 10.6 fo! PRD110,052002, tv, D'Ds  259.6£3.7+4.6
BESIII 0.482 fb''PRD94(2016)072004, uv =~ 245.5+17.8+5.
CLEO PRD79(2009)052001, uv 256.7+10.2+4.0
BaBar PRD82(2010)091103, uv 264.9+8.4+7.6
Belle JHEP09(2013)139, uv 248.8+6.6+4.8
BESIII 3.19 fb'' PRL122(2019)071802, uv ~ 253.0+3.743.6
BESIII 6.32 fo'' PRD104(2021)052009, uv  249.8+3.0+3.9
BESIII 7.33 fo! PRD108(2023)112001, v, 248.4+2.5+2.2
BESII 10.6 ib™ PRD110,052002, uv, DDy 253.2+6.1:3.7

BESIII Combined 1V

BI?SIII Combined TV + Uv
]

253.93+1.54+1.82

252.08fr1 .34+1.8
I |

2
|

0

100
f

200

- (MeV)
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Motivation

Semileptonic decays cq\ M
¢ N (WY TN Y e e e e e e e

D+ I
(s) 7 | P = pseudoscalar
¢ — I'S = scalar
P ~ 'V = vector
f ? ' :
* | A = axial-vector
Gip3 2 2
2 F
dr/dq* = X —|Veae | |f+(a*)]
' Weakinteraction: | Strong interaction: |
CKM matrix | |  Form factor

_______________________________________________

|Vea(s)| measurement = Test CKM matrix unitarity

Form factor f, (0) measurements = Calibrate LQCD calculations
* Branching Fractions B, ;. = Test lepton flavor universality (LFU)

e Rare decays = Search for new physics effects beyond the SM



D - Pl+Ul

I(D - PUvy)/dq? o |Veaes)| |+ (a?)]
PRI 2 o (Bpe + B, 1B+ ol

* Fit the measured partial decay width in different g bin

* Taking the correlations among g* bins into account

* FF parameterized in different form

v" Single pole model v" Modified pole model
0 0
fr(a®) = f+(q)2 fr@) =—— Lt 7
1- M12wle (1 - Mzz)ole)(l - aMlz)ole)
v 1ISGW?2 model v’ Series expansion mode
2 (0]

£4(8?) = f+(@had) 1 + = @hax — )72

ao(to)(1+ ) Ti(to) [2(2, to)*
k=1

1+ = b oa t)



D - K¢tv,(£ = e, )

PRD 110, 112006 (2024)

7.9fb1@E ., =3.773 GeV

10° . .
D'— Ke*v, D'- K urv, D 0
\ y*mdf=1.7 y2mdf=1.4
10
> 107 i // R .h...---;"i<r«”"""’*t::;:.-,,—, .......
© Al e e’ porolics et el .
& o S
3
g 1 : : : : : :
€ 10°F D' - Kgetv, D'— Kgutv, DT
2 v2mdf=0.7 y2mdf=1.1 E
S 10°
= » ]
102 ///\;'L"-._,,:‘: . : /“L—/,\—: 4
/// ,,,,,,,,,,,, . J’a': R4 o .,,'T'::,____E
1 e [/1"J_.‘J. RTEPETE: =\ i :-:I_ .' T N R
-0.1 0.0 0.1 -0.1 0.0 0.1
Umiss (GeV)

* BF measurement:

B(D° > K~e*v,) =(3.52140.009 +0.016)%
B(D® - K~pu*v,) = (3.419£0.011 £ 0.016)%
B(Dt - K% *v,) = (8.864 + 0.039 + 0.082)%
B(D* - K°u*v,) = (8.665 £ 0.046 + 0.084)%
 LFU test (SM: 0.975%0.001):

R2/eK” = 0.971 4 0.004 + 0.006(~0.7%)

RD K" = 0.978 £ 0.007 + 0.013(~1.5%)

AT/AqQ? (ns'GeV2c4)

- -
| Decay width in q? bin

q
!

1001 D'—Ketv,
<data

50

—z series(2 par.)

100 D'SK ',
<data

—1z series(2 par.)

50 .

1001 poRev, ]

I -<data |

—z series(2 par.) |

S0 .
100 i D"—>K0u"v'l

<data ]

—z series(2 par.) |

50 1

0.0 0.5 1.0 1.5
q2 (GeV¥/c?)

X))

1.5}

D‘)—>K'e"ve
edata
-z series(2 par.)

1.0}
0.5} .
- DOAK'p."vIu
[ edata
1.5 - -z series(2 par.)
1.0}
0.5} -
L D'>Kety,
[ edata
1.5 - -z series(2 par.)
1.0}
0.5 -
L D'>K phv,
[ edata
1.5 = series(2 par.)
1.0}
0.5 [ 1 1 L
0.0 0.5 1.0 1.5
q? (GeV¥c?) 20




D - K¢tv,(£ =e,n

Simultaneous fit

K2 PRD 110, 112006 (2024)
e T f+ (@)

(a) r(©
~ -.—Datan:E']e"ve E L — This work | T T T | T T T T T T
".‘: :%ge;lf eve 4 L5¢ LQCD calculation v LCSR Int. J. Mod. Phys. A 21, 6125 (2006)  0.661+0.067 —_—
Il —Kety, ~ LQCD uncertainty I LFQM J. Phys. G 39, 025005 (2012) 0.79:0.01 -
"y 50_' ] Mf: I ] CCQM Front. Phys. 14, 64401 (2019) 0.78+0.12
o Ir ] RQM  Phys.Rev.D 101, 013004 (2020) 0.716 .
S LQCD Phys. Rev. D 96, 054514 (2017) 0.765+0.031 —
< [ ] LQCD Phys.Rev.D 104, 034505 (2021) 0.7380+0.0044 >
0 05 1 —15 0~50 B ¥ B LQCD Phys.Rev.D 107, 014510 (2023) 0.7441+0.0040 - LQCD
G (GeV/c!) G (Gevycl [ LQCD_ PhysRevD 107,094516 2029 ozdsasoonst | * . 0.4%
F ' ' iy /A [ ' ' fOK (qz) Belle  Phys.Rev.Leit. 97,061804 (2006)  0.695+0.007:+0.022 — ’
Aso: @Data:K'u*v ] r (@ ' ] BaBar Phys.Rev.D 76, 052005 (2007) 0.727+0.007+0.009 —
».T; I :Raﬁe;ﬁou*Vi I E‘gscﬁ‘fjjwlaﬁon ] CLEO Phys.Rev.D 80, 032005 (2009) 0.7365+0.0041:0.0041 -
& 601 —K"wv: 1~ LQCD uncertainty ] BESIII Phys.Rev.D 92, 112008 (2015) 0.7478+0.0062:+0.0113 —
2 40l - R “f; [ . BESIIT Phys.Rev.D 96, 012002 (2017) | 0.7245+0.0041+0.0115 —
o ~ . 1 ] BESIII Phys.Rev.Lett. 122, 011804 (2019)  0.7327+0.0039+0.0030 o
SZO_ um a\ss ] M BESIII Phys.Rev.D 92, 072012 (2015) 0.7367+0.0026:0.0036 .
< \ [ ] This work Simultaneous fit of D— KI*v 0.7366+0.0011+0.0013 *
[ 015 11 1I5 4 0.50 015 i 1I5 | 1 1 ! | ! 1 1 | 1 ! 1 |
’ T @GV T @GV 0.2 0.4 § 06 08
________ A K(0)
L decay width in g2 bin | | Form factor in ¢* bin |

> f£(0) =0.7366 + 0.0011 + 0.0013 (~0.24% ) improved by > a factor of 2

> Main uncertainty of |V.| from the LQCD calculations in the input fX(0)(~0.42%)
21
(~2% before)



AT /Aq? (ns~1GeV~2c?)
A
S

D - R'£+V{)('£ = e, ﬂ)

arXiv:2601.21185

0.5
q* (GeV?/c?)

q* (GeV?/c?)

= (a) D° - K~etv, L (b) D° - K—pty, :‘R\ (c) DT — K%t P (d) D* - K°uty,
= L ™= ~ [
) [ T | =
- 1 ~ L - i ~
\"\ | \g x\ !\:
'\\ [ \'\‘ x\x - \i
Fit with SC . \\ ~u \‘\
I —=- Fit without SC ™~ s - L ~ |
.. S BN \‘
§ Data S ~ - -
! | - | e 1 - |
I_ _________
decay width in g bin |
ig : g e e == -
O I+ 1
i) D° decays I j) Dt decays I
I 1
I ],
I f
2 / I
T . P
." { LFU test in g% bin |
. Il_t ————————
' i
03 1.0 0.5 1.0 1.5

> Simultaneous fit to four D - K£*v, channels with 20.3 fb'1 data.

> £i£(0) = 0.7355 4+ 0.0007 + 0.0014 (~0.21%)

e e e |
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Comparison of |V 4]

1.6%

The semi-leptonic decays have
potential to yield better precision

(Stat. Uncertainty < 0.5%) depending

on the uncertainty from LQCD.

2%

é’:KIVIIfittIer ||=Dc£ S (|).22|486|io.500é37 S
HFLAV21 PRD107,052008 0.2208+0.0040 "
CLEO PRDB80,032005,°"e*v, 0.2381+0.0066:0.0025 ol
BESIII PRD92,072012,7'e*v,  0.2278+0.0034+0.0023  *
BESII PRD96,012002,7%"v,  0.2243+0.0058+0.0026 ™
BESIII PRD97,092009,ne*v,  0.2264+0.0338+0.0318 H—+—+
BESII PRL124,231801,nu*v,  0.242+0.041+:0.034 H—s—H
BESII PRD110,052012,K’%*v_ 0.238+0.018+0.036 et
BESIII PRD89,051104,u*v, 0.2165+0.0055+0.0020  ®
BESII PRL123,211802,tv 0.238+0.024+0.012 -
BESII JHEPO01,89,t*v, 0.216+0.012:+0.006 bl
BESII PRL135,061801,u*v,  0.2265+0.0023+0.0015 ¢
BESI o, Oqm [8FT1€ Y. 0208100110007 | Y,
-06 -04  -0.2 0 0.2
IV |
cd

The current best precision is
from pure-leptonic decays
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Comparison of |V |

CKMFitter PDG 0.97349+0.00016 .
HFLAV21 PRD107,052008 0.9701+0.0081 .
CLEO PRD80,032005, Ke*/,  0.9648+0.0090+0.078 ——
BESIII PRD92,112008, Kle*v,  0.977+0.008+0.016 fo
BESIII PRD96,012002, Ke'v,  0.946+0.005:0.016 g
BESIII PRD92,072012, K'e*v, 0.9624+0.0034+0.0062 '
BESIII PRL122,011804, K'u*v,  0.9572+0.0050+0.0057 '
BESIII PRD110,112006,KI*, 0.9623+0.0015+0.0043 t
BESIII PRL122,121801, ne*v, 0.900:-0.020+0.057 e
BESIII PRD108,092002, ne*v,  0.913+0.014+0.057 o
BESIII PRL132,091802, nu'*v, 0.911+0.020+0.057 ot
BESIII PRL122,121801, n'e’v,  0.903+0.060+0.077 1
BESIII PRD108,092002, n'e™v,  0.941:0.044+0.081 e
BESIII PRL132,091802, n'u"v,  0.907+0.067+0.078 H——H
BESIII Combine pv+tv 0.9820+0.0052+0.0071 .

-1
IV |

0

K£*v, simultaneous fit (stat sys~0.2%)
Main systematic uncertainty from the

LQCD input £{£(0))
0.5%

1.0% The best precision for

pure-leptonic decays is 1%
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D - K*(892)l"v;( = e, u)

e BF measurement:
7.93fb'@E,,,=3.773 GeV

B(D® > K°n~p*v,) = (1.373 4 0.020 £ 0.023)% PRL 134, 011803 (2025)
B(DY - K°r7etv,) = (1.444 4+ 0.022 + 0.024)% JHEP 03 (2025) 197
B(D* - Kdn%e*v,) = (0943 +0.012 + 0.010)% JHEP 10 (2024) 199
B(D* - K{n%u*v,) = (0.896 + 0.017 + 0.008)% PRL 135, 171801 (2025)
 Using the Partial wave analysis method « FFofD — K*(892)

B(D® > K*(892) u*v,) = (2.062 % 0.039 + 0.032)% v (0)
= = 1.42 4 0.03 + 0.02 (3% — 49
B(D® - K*(892)"e*v,) = (2039 + 0032+ 0034)% "V~ A (0) - r2 T 003 £002(3% —4%)

B(D* - K*(892)%%v,) = (5.29 + 0.07 + 0.06)%

P 0,4y = (5 ) ry = 420 _ 575 +0.03 + 0.01 (5% — 6%)
B(D* - K*(892)°u*v,) = (5.00 + 0.10 + 0.06) % A1(0)
<+ Data Hm Simulatied background [ Fit
- 4 (a) X2/Nbin = 1.4 <1 (b) X2/Nbin = 1.1 4 (c) X2/Nbin = 1.2 6 (d) Xx2/Nbin = 0.8 (e) Xx2/Nbin = 0.9
O O 3 +
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D - K*(892)l"v;( = e, u)

Jn atn o S R N - O T 7.93fb1@E,,,=3.773 GeV
) ﬁfﬁ%g'** HeoTH % PRL 135, 171801 (2025)
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e and averaged angular observables with A.p
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« All measured null-test observables A.p, < S;_¢ >

ne-
'0-2_1_:*: -0.3

o1 +% @szi;tq;!_* and < A,_o > agree with the SM predictions.
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*|Vcd| and |Vcs| e,

*pure leptonic charm decays
*semi-leptonic charm decays
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*Summary
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A- pev,

: : 2 2
Ksm CKM LlIlltaIlty V 1—|Vud| _lvubl

0.22799+0.00137

arXiv:2509.09266, submit to Nature

K meson av.
0.22431£+0.00085

T lepton av.
0.2207+0.0014

Events / (1.0 MeV)

Cabibbo, hyperon av.
0.2250+0.0027

Cabibbo, A —>pe” V,
0.2224+0.0034

This work, input LQCD FF E
0.233240.0042 5

I LRI el  B(A > pe v,) = (8.16 £ 0.22 + 0.15)x10™*
Determiantion of |V4]

» Assume SU(3) is conserved, f; = /3/2 [PRL92(2004)251803]
[Vuslsuzy) = 0.2199 + 0.0036ggsyy; gr £ 0.0087 s pr + 0.0004,, £+ 0.0005¢

» Using LQCD FF prediction [arXiv:2507.09970]
[VuslLgep = 0.2332 4+ 0.0039ggsyy gr £ 0.0004,, + 0.0006g¢ &+ 0.00141qcp
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Summary & Outlook

Pure and semi-leptonic charm decays are idea for measuring |V ¢q4(s)|, decay

constants and form factors of charmed mesons.
Uncertainty from radiative correction becomes crucial for Pure leptonic decays.

Current most precise measurement

|V.s| = 0.5% from D —» K£*v, (dominate uncertainty: LQCD form factor)
Vel = 1.2% from D* — u*v,. (D —» me*v, will yield the most precise |V 4])
D - V £%v, could also contribute to the measurement of |V .¢|.

Systematic uncertainty dominates now. How to reduce systematic uncertainty will

be the key to improve precision in the future experiments.

First determiantion of |V | using threshold data.

Thanks for the attention



