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Abstract. The BESIII experiment accumulated the world’s largest charm-
meson samples. This proceeding presents recent measurements of decay con-
stants, transition form factors, and CKM matrix elements from (semi-)leptonic
D™ and D} decays based on these datasets.

1 Introduction

Precision measurements of leptonic and semileptonic charm decays are essential for con-
straining the CKM matrix, which governs quark flavor and generation mixing under the weak
interaction. These measurements allow extraction of decay constants and form factors param-
eterizing strong interaction effects. Charm physics provides fundamental information about
non-perturbative QCD from decay constant and form factor measurements, and enables tests
of the Standard Model (SM) via Cabibbo-Kobayashi-Maskawa (CKM) unitarity and lepton
universality studies [1-3]

The BESIII detector [4] has accumulated e*e™ collision data with integrated luminosities
of 20.3 fb~! at /s = 3.773 GeV and 7.33 fb~! in the /s = 4.128-4.226 GeV energy region.
At BESIII, experimental studies of various decays of DY, D*, D7 and their excited states are
reviewed in Ref. [5], while a comprehensive overview of the amplitude-analysis methodology
for charm meson decays is presented in Ref. [6]. This proceeding mainly highlights the latest
measurements of leptonic and semileptonic D°™® and D? decays obtained using these two
datasets. Such studies enable precision determinations of the CKM matrix elements |V,,4| and
|Vesl, the decay constants fp+ and fp:, and transition form factors.

Benefiting from the clean experimental environment and low background levels in-
herent to e*e” annihilation data near threshold, the double-tag (DT) method [7] is em-
ployed. Undetectable neutrinos are inferred using the variables Uyiss = Emiss — |Pmiss| and

M2 = E2.  —|Pmis|® to identify (semi-)leptonic signals. The branching fraction is calcu-
lated via
N
3 DT o

Nst epr/€st

where systematic uncertainties associated with the single-tag (ST) selection largely cancel
out.
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2 Leptonic decays
2.1 Decay of D* — u*v,

With the 20.3 fb~! data collected at /s = 3.773 GeV, the BESIII Collaboration [8] measured
the branching fraction (BF) of D* — p*v,, to be (4.034+0.08,£0.04y5) X 10~*. Interpreting
this measurement with knowledge of the Fermi coupling constant G, the masses of D* and
ut as well as the life time of the D* meson [9], the product of the decay constant and the
CKM matrix element is determined to be

So+rVeal = (48.02 £ 0.48y £ 0.24y5 + 0.124py = 0.15gm) MeV. 2)

Using the value of the magnitude of the CKM matrix element V., given by the global standard
model fit[9], the D* decay constant is extracted

for = (213.5 % 2.1 + L1y £ 0.8ipu + 0.75p) MeV A3)

Alternatively, taking the value of fp+ from a precise LQCD calculation [10], the CKM matrix
element is extracted

Vea = 0.2265 £ 0.00235  0.001 15y = 0.0009;p5u £ 0.0007gy. “

These are the most precise measurements. The precision is improved by a factor of 2.3
compared to the previous best measurement [11].

2.2 Decay of D} — u*v,

Using the data with the integrated luminosity of 7.33 fb™! collected at center-of-mass energies
between 4.128 and 4.226 GeV, the BESIII Collaboration measured the BF of the leptonic
decay for D} — u*v, [12]

B(D; — p'v,) = (0.5294 + 0.0108, + 0.0085y)% 4)

Combining the measured BF with the world average values of Gr, m,, mp:and the D7 life
time[9], the product of the D} decay constant fp+ and the magnitude of the ¢ — s quark
mixing matrix element V,; is determined

IotIVesl = 241.8 £ 2 54 £ 2.2y MeV. ©6)

Using the value of V,, given by the global SM fit [9] or the averaged decay constant from
recent LQCD calculation [13, 14] as input, the decay constant fp: and the CKM matrix
element |V,,| are extracted to be fpr = 248.4 + 2.5 + 2.2 MeV and |V, = 0.968 +
0.0104¢5¢ = 0.009y4.

Figure 1 and Figure 2 summarize, respectively, the experimental measurements and the-
oretical predictions for the decay constants fp+ and fp:, and the CKM matrix elements |V,|
and |V,,|. The BESIII measurements yield the most precise determinations to date.

3 Semileptonic Decays
3.1 Measurements for D' — p~O¢g+y,

With the integrated luminosity of 20.3 fb~! D data sample, the BESIII experiment per-
formed the precise measurements of the semileptonic decays [15] D° — K e*v,, D° —
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Figure 1. Comparisons of the decay constants fp+ (left) and fp+ (right) to various experimental mea-
surements and theoretical determinations
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Figure 2. Comparisons of the CKM matrix elements |V,,| (left) and |V,,| (right) to various experimental
measurements and theoretical determinations

K u*v,, D* — IEOe"vg and D* — Ifo,u”’vﬂ, and the absolute BFs measured to be
(3.548+0.00645 £0.0175y5)% , (3.445+0.007 50 £0.017 5y ) %, (8.928 £0.025101 £0.0504y5) %,
and (8.770 + 0.029,; = 0.053y5)%, respectively. The ratios of the BFs between semimuonic
and semielectronic D decays are determined to be Rf/oe = 0.971 + 0.003 £ 0.0044y and
Rg;e = 0.982 + 0.004,; £ 0.002y5 which exhibit a slight difference with the LFU prediction
of 0.975 + 0.001 [16] up to 1.5¢. The first measurement of the forward-backward asymme-
tries as well as the precise measurements of the partial decay rates of D’ — KI*v,(I = u, e)



are reported [17]. A simultaneous fit to these kinematic variables gives the first experi-
mental constraint on the scalar current contribution in the D°*) — Ki*v, transition. The
complex Wilson coefficient is determined to be Re(c;) = 0.017 + 0.008, + 0.0064ys and
Im(c‘S‘) = 0.077 + 0.01 Ly % 0.009y, which deviates from the SM by 2.30-. Besides, the
improved measurements of the BFs and tests of the lepton-flavor universality (LFU), the
hadronic transition FFs f,(0), as well as the CKM matrix element |Vcs|, which are in the
highest precision to date, were also presented.

Using the same dataset, the first observation of the semileptonic decay D* — n'u*v, with
a significance of 8.6 o and an improved measurement of D* — n’e*v, are reported [18]. The
BFs of D" — iu*v, and D* — n’e*v, are determined to be (1.92 £ 0.28, £ 0.08ys) X 1074
and (1.79 £ 0.19 £ 0.07y5) X 1074, respectively. The ratio of the two BFs is determined
to be R,j. = 1.07 £ 0.19, + 0.03y5, which agrees with the theoretical expectation of lepton
flavor universality within the SM. From an analysis of the D* — 7/¢*v; decay dynamics, the
product of the hadronic form factor (FF) ff/ (0) and the CKM matrix element |V,,| is measured
for the first time, giving ff/ (0) [Veal = (5.92 + 0.5645 + 0.134y) X 1072. Combining with the
BFs of D* — nt*v, [9] and DY — n¢*v, [19, 20], the n-1’ mixing angle in the quark flavor
basis is determined to be ¢p = (39.8 £ 0.8, £ 0.34y5)°, which provides complementary data
to constrain the gluon component in the " meson.

3.2 Measurements for D* — V{*y,

The BESIII experiment reported the first measurement of full set of CP asymmetries and
averaged angular observables with Acp in the decays D* — K*00*v, via K0 — K{n" [21].
In addition, the absolute BF of D* — KJr’u*v, is measured to be (0.943 £ 0.0124, +
0.0104y5)% for the first time, and the absolute BF of D* — KJr’e*v, is measured with
improved precision. By analyzing the D™ — Kgnot’*w decay dynamics, the fraction of the
P-wave component and the hadronic FF ratios of D* — K*° were presented. The LFU was
tested, and no evidence for violation of ;1 — e LFU was observed in either the full range or the
five chosen bins of momentum-transfer squared.

3.3 Measurements for D} — S{*v,

Based on the D data sample of 7.33 fb~!, an analysis of the decay DY — n*n"e*v, via the
intermediate resonant state f,(980) — 7tz has been performed [22]. The BF of the DY —
f0(980)e*v, decay with the subsequent decay f;(980) — n*zn~ is measured to be (1.72 +
0.13+0.10)x 1073. By investigating the decay dynamics with a simple pole parameterization
for the FF and the Flatté formula to characterize the f;(980) contribution in the differential
decay rate, the product of the hadronic FF ffJ _"f”(%o)(O) and the ¢ —» s CKM matrix element
|V, is determined for the first time, yielding 27 (0)|V.| = 0.504 £0.017 5 % 0.035 4.
Furthermore, the decay DY — fy(500)e*v, is searched for the first time but no signal is found.
The upper limit on the BF of DY — £,(500)e*v,, fo(500) — n*n~ decay is set to be 3.3x 10~
at 90% confidence level.

3.4 Measurements for D! — Al*y,

Using 7.33 fb! of data at 4.128-4.226 GeV, the semileptonic decays D} — K1(1270)%" v,
and DY — b1(1235)%*y, [23] as well as D — f;(1420)e*v, and D} — f1(1285)e* v, [24]
are also searched for the first time. The first evidence for the decay D} — fi(1420)e*v,
is found with a statistical significance of 3.4 o, and its product branching fraction B[D{ —



f1(1420)e*v,]- B[ f1(1420) —» K*K 7] is determined to be (4.5*19) x 107*. No significant
signals of DY — K;(1270)%"v, and D} — b(1235)%"v, and DY — f£(1285)e*v, are
observed and the upper limit on their product BF at the 90% confidence level are set to be
BIDt — Ki(1270)%"v,] < 4.1 x 107, B[D! — b;(1235)%*v,]-B[b1(1235)° - wr’] <
6.4 x 1074, and B[D*s — f,(1285)e*v,]-B[f1(1285) — n*n 5] < 1.7 x 107#, respectively.

4 Summary and outlook

The BESIII experiment has achieved world-leading precision measurements for leptonic and
semileptonic decays of D* and D7?: the decay constants are measured to a precision of about
1%, and the CKM matrix elements |V,,| and |V,4| are extracted to precisions of 0.5% and 1%,
respectively. Looking ahead, many new and updated measurements are expected using the
BESIII charm datasets.[25].
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