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We report a study of the semileptonic decays D° — K%z~ #*v, (where # = e, u) based on a sample of
20.3 fb~! of e*e~ annihilation data collected at a center-of-mass energy of 3.773 GeV with the BESIII
detector at the BEPCII collider. Based on an investigation of the decay dynamics in D° — K%z~ #*v, decays,
a D-wave component of D° — K 3(1430)~¢ " v, is observed for the first time with a statistical significance of
8.0, in addition to the dominant K*(892)~ and S-wave components. The D-wave component is determined
to account for (0.092 £ 0.028, + O.OlSSyst)% of the total decay rate. The branching fractions of the
dominant K*(892)~ components are measured as B(D° — K*(892) ety,) = (2.043 £ 0.018, +
0.0124)% and B(D° — K*(892) p"v,) = (1.964 £ 0.018,, & 0.012,)%, which are the most precise
measurements to date and represent significant improvements over the previous world averages. The
hadronic form-factor parameters are measured to be ry = V(0)/A;(0) = 1.444 4 0.0264, & 0.010,,
ry = A3(0)/A;(0) = 0.752 £ 0.020, & 0.004y, and A; (0) = 0.618 £ 0.002, & 0.004,,, where V(0)
is the vector form factor and A, ,(0) are the axial-vector form factors evaluated at g* = 0. This is the most
precise determination of the form-factor parameters to date measured in a D — K*(892) transition. In
addition, we report the first model-independent measurement of the S-wave phase shift in the hadronic K%z~
system. We also measure the relative ratio between branching fractions of D° — K* (892)~u*v, and D —

K*(892) u"v, tobe RI;(/*?ggz) =0.961 & 0.012, £ 0.005, and no violation of lepton flavor universality

is found.

DOI: 10.1103/9mzg-5jvr

Semileptonic (SL) decays of D mesons are an excellent
laboratory to examine the interplay between the weak and
strong interactions in hadron decays [1,2]. Indeed, the
partial decay rate is related to the product of a hadronic
form factor (FF) describing the effects of the strong
interaction in the initial and final hadrons, and the
Cabibbo-Kobayashi-Maskawa (CKM) matrix [3] element
|Ves(ay] parametrizing the mixing of quarks in the weak
interaction. Due to |V| being tightly constrained by
CKM unitarity, studies of D meson SL decays provide an
ideal laboratory to extract the hadronic FFs. In recent years,
several hadronic FF measurements have been carried out in
D — V¢ tv, decays [4-16], where V and £ refer to a vector
meson and a lepton, respectively. Throughout this paper,
charge-conjugate modes are implied unless explicitly
noted. Furthermore, the SL decay D° — K*(892)~¢*v,
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also plays a crucial role in testing the standard model (SM),
as it provides the most direct way to experimentally extract
the value of |V, |. However, such an extraction requires
precise theoretical knowledge of the hadronic FFs taking
into account nonperturbative quantum chromodynamic
(QCD) effects.

Although the study of the D — K*(892) transition is
very challenging, many theoretical calculations are per-
formed with a variety of nonperturbative approaches
[17-31]. In these calculations, one vector FF V(g?), and
two axial-vector FFs A|,(g?), are introduced to describe
the effects of the strong interactions. However, the FF
parameters of r, and r, in D — K*(892) transition
predicted by these approaches [17-31] differ significantly,
and vary in the ranges from 1.36-1.78 and 0.50-0.93,
respectively. Currently, the precision of ry and r, mea-
surements is still insufficient to test these theoretical
calculations [32], but improved measurements are now
possible. These data can also motivate improved lattice
QCD calculations [17], and will also benefit the extraction
of |V via the D — K*(892) transition.

The SL decays of D mesons offer an excellent oppor-
tunity to test lepton flavor universality (LFU) of the
SM [33,34]. In Refs. [19,22,35,36], it is suggested that
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observable LFU violation effects may occur in SL decays
via ¢ = s¢"v,. In particular, the multiple polarization
states of vector mesons in D — V£ v, decay provide
more physical information, allowing a more detailed search
for potential new physics effects [36]. In recent years, the
branching fraction (BF) of D° — K*(892)~¢*v, and the
Rﬂ/e _ B(D°—K*(892) u'v,)

K*(892) — B(D'=K"(892) ¢'r,)
using various theoretical approaches [18-30], leading to
differing expectations. The predicted BFs for ¢ and pu
modes varies from (1.76-3.25)% and (1.66-3.09)%

[18-22,24-26,28-30], and {5y, is given as 0.92-0.95
in Refs. [18,22,26-30] and 0.99 in Ref. [19].

The SL decay D° — K°z~¢*v, also provides informa-
tion on the interactions in the hadronic Kz system, and an
opportunity to study the excited states of strange mesons
K%, where J denotes spin. In comparison to the K~z
system reported in Refs. [8,9,37,38], a model-independent
determination on the S-wave phase (Jg) is still unavailable
for the K%z~ system. The comparisons of g in two
hadronic K~z* and Kz~ systems may suggest nontrivial
information in understanding the strong interactions.
Furthermore, the BFs of D decays into a tensor strange
meson, D° — K3(1430)~¢*v,, were calculated based on
the framework of the SU(3) flavor symmetry approach [39]
and the relativistic quark model (RQM) [40], with the
predicted BFs ranges (1.26-1.36) x 1075 for the e mode
and (0.81-0.91) x 107> for the y mode. The SL decay
D — K3(1430)¢*v, were previously investigated in
Refs. [8,9,12-14]. However, no experimental evidence
has been found to date [32].

In this paper, we report a combined study of the
dynamics in the SL decays D° — K%z e*v, and
D° — Kz~ p*u,. We also report the most precise mea-
surements of the BFs and FF parameters ry, and r, in D° —
K*(892)¢*v, decays, and the first observation of the D —
K%(1430)¢"v, transition, as well as the first model-
independent measurement on the S-wave phase in KOz~
system. These measurements are performed using a data
sample corresponding to an integrated luminosity of
20.3 fb~! [41] recorded at the center-of-mass energy /s =
3.773 GeV with the BEPCII e* e~ collider and collected by
the BESIII detector [42].

Simulated data samples produced with a GEANT4-based
Monte Carlo (MC) package [43], which includes the
geometric description of the BESIII detector and the
detector response, are used to determine detection efficien-
cies and to estimate background contributions. The simu-
lation models the beam energy spread and initial state
radiation (ISR) in the e*e~ annihilations with the KKMC
generator [44]. The inclusive MC sample is forty times
larger than the corresponding data sample, and includes the
production of DD pairs, the non-DD decays of the
w(3770), the ISR production of the J/w and w(3686)

ratio have been calculated

TABLE L. The selection requirements on AE, the ST yields Ngr
in data, the ST and DT efficiencies, est and epr, for each ST
mode. For epr in the last column, the first number is for
D° = K%~ ety,, and the second is for D° - K%z=utv,; the
BF of K - ztz~ is not included.

STmode  AE (GeV) Niy (x10%) €y (%) €ls¥ (%)
Kt~ [-0.027, 0.027] 3725.742.0 65.10 18.96(13.10)
Ktz zat [-0.026, 0.024] 4987.5+2.5 40.94 10.54(6.54)
K*az®  [-0.062, 0.049] 7422.3+3.2 3560 9.87(6.75)

states, and the continuum processes incorporated in
KKMC [44]. All particle decays are modeled with
EVTGEN [45] using branching fractions either taken from
the Particle Data Group [32], when available, or otherwise
estimated with LUNDCHARM [46]. Final state radiation
(FSR) from charged final state particles is incorporated
using the PHOTOS package [47]. The generation of the
signal D° — K%z~ ¢*v, incorporates knowledge of the FFs
obtained in this work.

Our analysis makes use of so called “single-tag” (ST)
and “double-tag” (DT) samples of D decays. The ST
samples are D° events reconstructed from one of hadronic
decays as listed in Table I, while the DT samples are events
with a ST and a D° meson reconstructed as
D° — K°z=¢*v,. The BF for the SL decay is given by [12]

_ Npr _ _Nor
> iNgr(epr/esr) Ngresy,’

Bs1. (1)

where Nprst) is the total yield of DT(ST) events, eg;, =
(> iNirehr/ehr)/ i Ny is the average efficiency of
reconstructing the SL decay in a ST event, weighted by
the measured yields of ST modes in the data, and €%y and
elp are the efficiencies for finding the ST and the SL decay
in the ith tag mode, respectively.

A detailed description of the selection criteria for 7+,
K*, y, and 7° candidates is given in Ref. [12]. The ST D°
mesons are identified using the beam-constrained mass

Mye =/ (V5/27 = [ 2)

where p o is the momentum of the D° candidate in the rest
frame of the initial eTe™ system. A kinematic variable
AE = Epo — /s/2 for each candidate is used to improve
the signal significance for ST D candidates, where Ejp is
the energy of the D° candidate. The AE requirements for
the ST modes are listed in Table I. The My distributions
for the three ST modes are shown in Fig. 1, along with the
binned maximum likelihood fits. The signal functions are
derived from the convolution of the MC-simulated signal
shapes with a double-Gaussian smearing function to
account for resolution difference between simulation and
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FIG. 1. The Mpc distributions of the three ST modes. The
points are data, the solid blue curves are the total fits and the
dashed red curves show the background shapes.

data; the parameters of the double-Gaussian function are
floated. An ARGUS function [48] is used to describe the
combinatorial background shape. For each tag mode, the
signal yield is obtained by integrating the signal function
over the D° region within 1.859 < My < 1.873 GeV/c?.
The yields and efficiencies for these ST modes are listed in
Table I. The total ST yield summed over three hadronic
modes is Ngr = (16135.4 4+ 4.6) x 10°, where the uncer-
tainty is statistical only.

Candidates for the SL decay D° — K°z~e*v, and D° —
I_(Ozr‘,quyM are selected from the remaining tracks recoiling
against the ST D° mesons; the requirements given above
for both My and AE are applied to the ST. A detailed
description of the selection criteria for the two SL decays is
given in Refs. [12,13]. As the neutrino is not detected, we
employ the kinematic variable Uiss = Eniss — €| Prmiss| t0
obtain information on the neutrino. Here, E ;i and P s
are the measured missing energy and momentum in the
event, attributed to the unobserved neutrino; their defini-
tions are given in Refs. [12,13]. Figure 2 shows the U ;.
distributions of the accepted candidates for D° —
K°z~etv, and D° —» K’z uty, in data. To obtain the
signal yields, unbinned maximum likelihood fits to the two
U piss distributions are performed. In each fit, the signal is
described with a shape derived from simulated signal
events convolved with a Gaussian function, where the
mean and width of the Gaussian function are determined by
the fit. The combinatorial background contribution is
described using the nonparametic shape obtained from
the inclusive MC simulation. The peaking background
from D° - K%z~ zt2° to D°— K'zuty, decay is

% 3000 *Data -1 % -*—Data »
0 .
g - Total bkg g 2000} =D'> Kn'nn' ]
8 2000 8 = Other bkg
S S
P = 1000} ]
£ 1000 2
3 [
> >
w w :
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FIG. 2. Fits to U, distributions for the SL decays (left) D° —
K°z~e"v, and (right) D° — Kz~ ptu,.

modeled using the MC-derived shape. The yields of D° —
K°z~etv, and D° » K%z p'v, are Ny, = 22171 £ 183
and Ny = 14212+ 138, where the uncertainties are
statistical only.

The DT efficiency €' from each tag mode is summarized
in the last column of Table I. The average efficiencies
for reconstructing SL decays, D° — K%z7e*v, and
D’ - K’z pty,, are estimated to be €§ = (2834 +
0.01)% and €5 = (18.91 +£0.01)%, respectively, where
the BF of K — z*7~ is not included. The DT efficiencies
€§ and €5 are corrected due to following issues. The
difference due to positron and muon particle identification
(PID) efficiencies between data and MC are estimated to be
(—2.8 £ 0.1)% and (3.5 £ 0.2)%, respectively, studied by
using the control samples of ete™ — yeTe™ and ete™ —
yuu~ events. The difference due to pion tracking efficiency
between data and MC is estimated to be (—0.4 + 0.1)%,
evaluated using control samples of D° — K~z " (z°, 7 7z7),
and DT — Kzt (2") events. In addition, the difference
of the detection efficiency due to the M go,- ,+ (,0) requirement
for the muon SL mode is estimated to be (0.7 +0.2)%,
evaluated using a control sample of DT - K zte'y,
events. Hence, the DT efficiency for the e SL mode
is corrected by —-2.8% and -0.4%, giving €5 =
(27.44 +£0.01)%. The DT efficiency for the u SL mode is
corrected by -3.5%, -04% and +0.7%, giving
€. = (18.30 £0.01)%. Therefore, we measure the BFs
of the two SL decays tobe B(D? — K°z~eTv,) = (1.447 +
0.012,)% and B(D° — K°zn~ptv,) = (1.391 £0.013,) %,
respectively, where the uncertainties are statistical only.

Due to the DT technique, the BF measurement is
insensitive to the systematic uncertainty in the ST effi-
ciency. The uncertainty on the positron tracking (PID)
efficiency is estimated to be 0.1% (0.1%) by studying a
sample of eTe™ — yeTe™ events. The uncertainty on the
muon tracking (PID) efficiency is estimated to be 0.1%
(0.2%) by studying a sample of e™ e~ — yutu~ events. The
uncertainty due to the pion tracking (PID) efficiency is
estimated to be 0.1% (0.1%) using control samples selected
from D° - K=zt (2% ztz~), and D' —» K- n'x"(a°).
The uncertainty from Kg reconstruction is 0.2%, deter-
mined with control samples selected from D — Kz 7™,
Kztn= 7% K%%2°, and Dt - Kzt KOzt 7°, Kont nt 7.
The uncertainty associated with the E, ,, requirement is
estimated to be less than 0.1% by analyzing DT D°D°
events where D° mesons decay to hadronic final states of
DY —» K—znt, K~nt2% and K~z ztz~. The uncertainties
due to the Mgo,-,+ and Mgo,-,+(,0) requirements are
estimated to be 0.2% and 0.2%, respectively, evaluated
using a control sample from DT - K zte'v,. The
uncertainty due to the modeling of the signal in simu-
lated events is estimated to be 0.3% by varying the
input FF parameters determined in this work by +le.

LO71101-3



M. ABLIKIM et al.

PHYS. REV. D 114, L071101 (2026)

The uncertainty associated with the fit to the U
distribution is estimated to be 0.3% by varying the fitting
ranges and the shapes which parametrize the signal and
background candidates, where an asymmetric Gaussian
function is used as an alternative signal function. The
uncertainty associated with the fit of the My distributions
used to determine Ngt is 0.3% and is evaluated by varying
the bin size, fit range and background distributions. Further
systematic uncertainties are assigned due to the statistical
precision of the simulation, 0.1%, and the input BF of the
decay Kg — 77z, 0.1%. All systematic uncertainties are
summed in quadrature and the total systematic uncertainties
on the measured BFs of D° — K°z7e*v, and D° —
K’z ptv,, are determined to be 0.6% each. Finally, we
obtain B(D"— K%z~ e"v,)=(1.44740.0124,+0.009,) %
and B(D°— K°z~ ' v,) = (1.391£0.013,, +0.008 ) %.

To investigate the decay dynamics of D° — K%z~ ¢*v,
decays, the signal candidates of D° — Kz~ e*v, and
D’ - K%z p*v, decays are analyzed simultaneously.
The differential decay rates of D° — K%z~ #*v, can be
expressed in terms of five kinematic variables: the squared
invariant mass of Kz~ system (m%, ), the squared
transfer momentum of #* and v, (¢*> = m%y{), the angle

between 7~ and D° direction of flight in the K%z~ rest
frame (6zo0), the angle between neutrino v and D direction
in the £ v, rest frame (0,), and the acoplanarity angle (y)
between the decay planes of the K°z~ and #*v,.

The differential decay rate is expressed as [49,50]

Veol?

d5r—#x T ., q°,0k0,0,,

(47[ D() ﬁﬂf ( KO q k0 U X )
dm?, _dq*d cos Ogod cos 0,dy, (3)

where X = pgo-mp, B = 2p*/mgo,-, fr = (1 = mz/q?).
Furthermore, pgo,- is the momentum of the K%z~ system
in the D° rest frame, p* is the momentum of K° in the K%z~
rest frame, m, (mpp) is the known lepton (D) mass [32],
and Gy is the Fermi coupling constant. In addition to the
S-wave and ‘P-wave components incorporated in
Refs. [12,14], a new D-wave component is taken into
account in the decay density Z. The detailed expression of
7 is documented in the Supplemental Materials [51]. The
related D-wave FFs F1,, F,, and Fj3, take the form of

Fo = MpoPRO~ [_ szop%(%‘ T (qz)
12 3 mpo + mgo, - 2
(2 = M, = ) mpo + o, )T (%) | A/ (m).

2
Fp= \/;mDoml_{Oﬂ_qpkoﬂ_ (mDO + ml_(oﬂ')T1<q2)A/(m>’

22m? oMo qp o
-7:32—\/; D £ V(C]2

mDO + mKO”—

)A (m).

The D-wave FFs are assumed to follow the simple pole
model and contain one vector and two axial-vector FFs
which are denoted as Ty (g*) and T'; 5(¢?). The ratios of the
FF parameters are then defined as 2 = T,(0)/T;(0) and
P =T,(0)/T,(0) at ¢*>=0, where r? and r? are
expected to be 1 [8,9]. The amplitude A'(m) takes a
relativistic Breit-Wigner form with a mass-dependent width

”Dmf(;(1430)r(,)-(;(1430)F2(m)

Al(m) =

’

2 2 _
M- (1430) ~ M lml(;(l430)rl(;(l430)(m)

D-wave
By(p*) =

Tk (1430) (M) =

where the magnitude of the

rp denotes
Fy(m) = (5_3)2 g;gﬁgg with

-3)2+9r3,p%,  and

amplitude,

1/\/(’%WP*2

. «(1430) (& *) mn’j Omo F5(m) with the mass m g 1430) and width
O

FK*(1430) for K3(1430) fixed as in Ref. [32].

To extract the FF parameters, an unbinned five-dimen-
sional maximum likelihood fit is performed to the distri-
butions of mgo,-, g, cos@go, cos@y,, and y observed in
D’ — K%z~ ¢*v, decays. The signal candidates of D° —
K°z~etv, and D° - K%z p'v, decays within —0.05 <
Upiss < 0.05 GeV and —-0.02 < U < 0.02 GeV  are
selected. In the fit, the FF ratios ry and r,, the mass
Mg+ (392)- and width I'g-(ggn)-, the D-wave amplitude rp,
and the parameters used to describe the S-wave component

including the relative intensity rg, scattering length aé{éG,

the effective range b/ s BG, the dimensionless coefficient r(S1>

as defined in Ref. [51], are floating. The projected
distributions of the fit onto the fitted variables are shown
in Fig. 3. The fit results are summarized in Table II. The
fitted mass and width of the K*(892)~ are 892.7 £
0.2 MeV/c? and [k (892)- = 45.6 = 0.4 MeV, which are
consistent with the world-average results [32]. The stat-
istical significance of the D-wave component is determined
to be 8.00, calculated via vV—2A1In £, where Aln L is the
variation in In £ of the likelihood fit with and without the
‘D-wave component included. A possible contribution from
the other P-wave component, K*(1410), is also tested.
However, the statistical significance of incorporating an
additional K*(1410) component is 2.7¢ and it is thus
neglected.

The fit fraction of each component can be determined by
the ratio of the decay intensity of the specific component to
that of the total intensity. The fractions of S-wave, P-wave
(K*(892)7) and D-wave (K5(1430)7) components are
determined to be fs_yave = (5.81 £ 0.194,) %, f-(302)- =
(94.12+£0.194,,) %, and f;(1a30- = (0.092 £ 0.028,,) %,

respectively, where the uncertainty propagation includes
correlations among the underlying parameters. The sys-
tematic uncertainties of the fit parameters and the fractions
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FIG. 3. Projections of the fits and data for (a, a’) Mzo,-, (b, b')

g%, (c, ) cos @y, (d, d) cos @, and (e, €') y for the SL decay
D% —» K%z~ ¢*v,, where the dashed green and dashed pink
curves show the contribution of the S-wave and D-wave
components. The dots with error bars are data, the red histograms
are the fit results, and the shaded histograms are the simulated
background.

of S-wave, K*(892)~ and K3}(1430)~ components are
defined as the difference between the nominal fit and
alternative fits with varied conditions. The systematic
uncertainties due to the requirements on E, .., Mgo -+
or Mgo.-,+(z0), €/p requirements, background subtraction,
tracking and particle identification (PID) efficiencies are
evaluated in the same way as in Refs. [12,13]. The
systematic uncertainty for each source is documented in
the supplementary materials [51]. The total absolute
systematic uncertainty for each parameter is also listed
in Table II.

We also perform a model-independent measurement on
the phase shift of the S-wave to validate the large aperture
solenoid spectrometer (LASS) parametrization [8]. In this
analysis, the mgo,- spectrum from 0.6 GeV/c? to
1.6 GeV/c? is divided into 12 bins and the phase shift,
O, in each myo - interval is assumed to be constant. Then
we reperform the maximum likelihood fit as we do in
previous studies, and the resultant values of dg in each of

TABLE II. The fit results, where the first uncertainty is
statistical and the second is systematic.

Variable Value

ry 1.444 4+ 0.026 +=0.011
r 0.752 £ 0.020 & 0.004
rg —13.21 £0.49 £0.36

1.24 £0.11 +£0.08
—-271£0.75+0.71

aysg (Gev/e)™!
by'ag (Gev/c)™!

A —0.05 4 0.04 + 0.03
D 11.52£2.00 + 1.16

S &+ (892) (94.12 £0.19 + 0.09)%
fs—wave (5.81 £0.19 £ 0.09)%
FD—wave (0.092 £ 0.028 + 0.018)%

the 12 mass regions are obtained from the fit. The detailed
results for 65 versus mass documented in the supplementary
materials [51]. Comparisons of dg measured in this work
with other results are shown in Fig. 4. No obvious differ-
ence is observed within uncertainties for the measured
phase shifts in the mass-spectra of Mg+, and Mgo,-.

In summary, with 20.3 fb~! of e*e~ annihilation data
collected at /s = 3.773 GeV by the BESIII detector, the
absolute BFs of D° — K°z=¢*v, decays are measured to
be B(D® - K°n~etv,) = (1.447 £ 0.012, £ 0.009y5,) %
and B(D°— I_(Oﬂ'_//l+l/ﬂ) =(1.39140.013, £0.008y ) %.
By analyzing the dynamics of the D° — K°z~¢* v, decay,
a nontrivial contribution of the D-wave component D? —
K%(1430)~¢"v, is observed for the first time with a
statistical significance of 8.0c. The e —pu averaged
S-wave, P-wave, and D-wave components are deter-

mined to account for (5.81 £ 0.19, £ 0.19)%,
[ T T T T T T T T T T T T 1
L BESIIL: D'— K*'e*v, g
150 L Estabrooks et al. H
L —F— BABAR: D'> K'r'e*v, . -
s IEEEREE BABAR: LASS param. * 3
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w0 r J
50— —
]
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1
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1 | " L L L
1.2 1.4
M, (GeV/c?)

-
[<2]

FIG. 4. Comparisons of the S-wave phase shift 55 measured in
this work with others. The red dots with error bars show the
model-independent measurements in this work; the solid red
curve shows the result based on the LASS parametrization; the
cyan dots, green dots and blue dots show measurements from
BESIII [9], Refs. [37,38] and BABAR [8]; The dashed pink curve
show the result from BABAR based on the LASS parametrization

[8] with ayp; = 1.95 and bysg = 1.76.
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(94.12 £ 0.1944 £ 0.09y)%, and (0.092 £ 0.028, +
0.018,y)% of the total decay rate. The BFs of the
S-wave components are B[D? — (K°z7) ety =
(0.084 £ 0.003,, £ 0.001y) % and B[D® -
(K°77) s_wavel V] = (0.081 40003, £0.001y) %. The
BFs of the dominant K*(892)~ components in the SL
decays are measured to be B(D° — K*(892)"e*v,) =
(2.043 4 0.018, & 0.0124y) % and B(D° -
K*(892) ptv,) = (1.964 £0.018, +0.012,,)%, which
are the most precise measurements to date and improves
the previous results [12,13] by a factor of two. The hadronic
FF parametersin D° — K*(892)~¢"v, decays are measured
to be ry,=V(0)/A;(0)=1.444+0.0264,+0.0105yy, 7, =
A5(0)/A;(0) = 0.752 4 0.0204, £ 0.004. Taking into
account the D° lifetime, 7 =41034+1.0fs, and
|V.s| =0.97435 £ 0.00016 [32], we obtain A,(0) =
0.618 £ 0.002;, + 0.004;. Furthermore, for the first
time, we obtain B(D° - K3;(1430)"e¢*v,) = (4.00 &
1.2245 £ 0.78y) X 107%,and B(D® - K3(1430) " *v,) =
(3.85+ 1174, £0.754) x 107, which are consistent
with the calculations from the SU(3) flavor symmetry
approach [39] and the RQM [40] within two standard
deviations.

The  comparisons of  B(D° — K*(892)"e*v,),
B(D° - K*(892)"u"v,), ry, and r, between this meas-
urement and theoretical calculations [17-31] are shown in
Figs. 5 and 6. The central values of B(D"—
K*(892)"e*v,) and B(D® — K*(892) u"v,) calculated
from the CQM [21,22], LCSR 3 [20], HMyT [24],
CLFQM [25,26], and CCQM [28], differ by more than
three standard deviations with respect to the our measured
two BFs. Therefore, our measurements disfavor these

S—wave

L B 1
3.0 __ x This work;

— L + CQM i
& L * HMT
;v i 4LCSR |
2 25+ LCSR2 |
§ - %LCSR3
; L g 4 CLFQM |
- == CCQM -

J a0l e -l-RQ(13/1 7
a8 L E ]
] L 0O xUA ]
r % PDG a

| | L | | L L L L | L
2.0 2.5 3.0

B(D'— K (892)1*v,) [%]

FIG.5. Comparisons of the measured B(D° — K*(892)~e*v,)
and B(D® - K*(892) u'tw,) with various theoretical calcula-
tions from the CQM [21,22], HMyT [24], LCSR [18], LCSR 2
[19], LCSR 3 [20], CLFQM [25,26], CCQM [28], RQM [29],
yUA [30], and PDG averaged results [32]. The correlation
coefficient between the measured BFs is 0.24. The color coding
for the measured results are the same as in Fig. 6.

T T T T T T
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+CQM
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4 LCSR 7
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FIG. 6. Comparisons of the measured ry and r, in this work
with various theoretical calculations from the CQM [21,22],
HMyT [24], LCSR [18], LCSR 3 [20], CLFQM [25,26], CCQM
[28], RQM [29], LQCD [17],HQEFT [23], LEyQM [27], hQCD
[31], and the PDG averages [32]. The correlation coefficient
between the measured ry and r, is —0.17.

predictions at a confidence level (CL) of more than
99%. The measured ry and r, in this work disfavor the
central values calculated from the LCSR [18,20],
CQM [21,22], HMyT [24], CLFQM [25,26], RQM [29],
and hQCD [31] by more than three standard deviations.
Furthermore, using B(D° — K*(892)"e*v,) and
B(D® - K*(892)"u"v,) measured in this work and
accounting for correlated uncertainties, we obtain the
following relative ratios between y and e channels:

/e
Ry (892)

= 0.961 £ 0.012, & 0.005y. (4)
This ratio are in good agreement with the calculations in
Refs. [18,22,26-29], but disfavor the calculation in
Refs. [19,30] at 95% CL The results presented in this
paper provide the most powerful tests and constraints on
various theoretical calculations especially for QCD theory,
and play an important role in understanding the dynamics
of SL decays of the charmed hadrons in the nonperturbative
region.
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