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We present the first search for the leptonic decays D*" — e

*v, and D** — pty, by analyzing a data

sample of electron-positron collisions recorded with the BESIII detector at center-of-mass energies
between 4.178 and 4.226 GeV, corresponding to an integrated luminosity of 6.32 fb~!. No significant
signal is observed. The upper limits on the branching fractions for D** — e*v, and D** — p*v, are set to

be 1.1 x 1073 and 4.3 x 107 at 90% confidence level, respectively.

DOI: 10.1103/PhysRevD.110.012003

I. INTRODUCTION

Experimentally, the study of pure leptonic decays of
ground-state charm mesons has entered the stage of
precision measurement [1]. However, further exploration
is needed for the pure leptonic decays of excited pseudo-
scalar mesons. The D** meson is the lightest excited state
of the D* meson, whose quark content is cd, with a spin
equal to 1.

In the Standard Model (SM), the leptonic decays D** —
v, (€ = e, p) are described by the annihilation of the
initial quark-antiquark pair into a virtual W that materi-
alizes £, pair as shown in Fig. 1. Throughout this paper,
charge conjugation is always implied, unless explicitly
specified otherwise.

The examination of D** — #"v, decays holds signifi-
cance, as their decay rates are linked to the Cobibbo-
Kobayashi-Maskawa (CKM) matrix elements. The decay
width of D** — £#*v, can be parametrized by the D*"
decay constant fp- [2,3] via

GZ m2 2 m2
F:é|vcd|2f%*m3y(l—m;> <1+ f), (1)

2
T 2my,.

where G is the Fermi coupling constant, |V 4| is the CKM
matrix element between the ¢ and d quarks, and m, (mp:) is
the mass of the lepton (D*T). Several theoretical studies
have anticipated the fp-, such as the nonrelativistic quark
model, relativistic quark model, lattice QCD, etc., predict-
ing fp- values between 186 and 391 MeV [4]. In addition,
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as the D*T can decay by the strong interaction, the
branching fractions of these weak decays are at the
1071 level within the SM [3,5,6], but potential contribu-
tions from new pseudoscalar interactions beyond the SM
could lift the branching fractions up to 107> [7-9]. Any
observation of the leptonic D*t decays at a rate above the
SM prediction would be a potential hint of new physics.

This paper reports the first searches ever performed for
the leptonic decays D** — ey, and D** — u*v,, using a
data sample corresponding to an integrated luminosity of
6.32 fb~!, recorded by the BESIII detector at center-of-
mass (CM) energies (y/s) ranging from 4.178 to
4.226 GeV.

II. DETECTOR AND DATASETS

The BESII detector [10] records symmetric ete™
collisions provided by the BEPCII storage ring [11], which
operates in /s from 2.00 to 4.95 GeV, with a peak
luminosity  of 1 x10¥ cm™s™!  achieved  at
/s = 3.77 GeV. BESIII has collected large data samples
in this energy region [12]. The cylindrical core of the
BESIII detector covers 93% of the full solid angle and
consists of a helium-based multilayer drift chamber
(MDC), a plastic scintillator time-of-flight system (TOF),
and a CsI(TI) electromagnetic calorimeter (EMC), which
are all enclosed in a superconducting solenoidal magnet
providing a 1.0 T magnetic field. The solenoid is supported
by an octagonal flux-return yoke with resistive plate
counter muon identification modules interleaved with steel
(MUCQ) [13]. The charged-particle momentum resolution at
1 GeV/c is 0.5%, and the specific ionization energy loss
(dE/dx) resolution is 6% for electrons from Bhabha
scattering. The EMC measures photon energies with a
resolution of 2.5% (5%) at 1 GeV in the barrel (end cap)

c I
D*t
d wr v
FIG. 1. Feynman diagram of D*" — #Tv,.
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TABLE 1. Integrated luminosities £;, [16,17] of the data
samples at different energies. The first and second uncertainties
are statistical and systematic, respectively.

Vs (GeV) Lin (pb71)
4.178 3189.0£0.2+31.9
4.189 526.7+£0.1+£22
4.199 526.0£0.1 +2.1
4.209 517.1 £0.1 £ 1.8
4.219 5146+£0.1+18
4.226 10564 £0.1 £7.0

region. The time resolution in the TOF barrel region is
68 ps, while that in the end cap region is 110 ps. The end
cap TOF system was upgraded in 2015 using multigap
resistive plate chamber technology, providing a time
resolution of 60 ps [14].

The data samples used in this analysis are listed in
Table I and provide a large sample of D** mesons from
ete” —» D*'D*~ events with a cross section of about
3 nb [15].

Simulated Monte Carlo (MC) samples produced with
GEANT4-based [18] software, which includes the geometric
description of the BESIII detector and the detector
response, are used to determine the detection efficiency
and to estimate the background contributions. The simu-
lation includes the beam-energy spread and initial-state
radiation (ISR) in the e™ e~ annihilation modeled with the
generator KKMC [19]. Inclusive MC samples of 40 times the
size of the data samples are used to simulate the back-
ground contributions. The inclusive MC samples contain
no signal decays and include the production of open-charm
processes, the ISR production of vector charmonium(like)
states, and the continuum processes incorporated in
KKMC [19]. The known decay modes are modeled with
EVTGEN [20] using world averaged branching fraction
values [21], and the remaining unknown decays from
the charmonium states are modeled with LUNDCHARM [22].
Final-state radiation from charged final-state particles is
incorporated with PHOTOS [23].

III. DATA ANALYSIS

The single-tag (ST) sample comprises events in which
only the D*~ meson is reconstructed via hadronic decay
modes. The double-tag (DT) sample consists of events in
which the leptonic decays of D** — £*v, are recon-
structed in the systems recoiling against the ST candidates
[24]. The branching fraction for D** — #Tv, can be
determined by

cor
-, @
ST
where N} is the ST yield in the data sample; Nfyy is the DT
yield in the data sample after efficiency correction, equal to

B(D*+ — Z/ﬂ+l/f)

N§t/€psmpry,s and Epepry, = i (Ngrepy/ fesr) /Nt
is the effective averaged efficiency of reconstructing the
D** — ¢*v, decay weighted by the ST yields, where i
indicates the ith tag mode. Here, ek and el are the
efficiencies of reconstructing the ST and DT candidates in
the ith tag mode (called the ST efficiency and DT efficiency,
respectively). The ST efficiency is the average efficiency of
ST D*~ from D**D*~, D*~D*, D°D*~z*, and D*D*~z°.
f represents the ratio of the number of D*~ contributed by
all processes to that by D*"D*~ pairs, f = (2op-p++
Op—p+ + Opop-gt + Oprp—p)/20p~p—, where the o
denotes the corresponding cross section [25,26]. Note that
the cross section of D*D*~ 7z is set to be half of D°D*~z+,
according to the isospin symmetry.

A. Single-tag analysis

The ST candidates are reconstructed through the two
main decay modes of D*~ mesons: Dz~ and D~z°. To
reconstruct DY mesons, three hadronic decay modes,
Ktn, KTn 7° and KTz~ 7"z, are used. To reconstruct
D™ mesons, six hadronic decay modes, K*n~7z~, KT K~ 7™,
Ktn a7, K(S)zr', K(S)zr_it , and Kgﬂ+7t'ﬂ' are used.

All charged tracks are required to be within the polar
angle () range of | cos @] < 0.93, where 0 is defined with
respect to the z axis, which is the symmetry axis of the
MDC. For charged tracks not originating from K decays,
the distance of closest approach to the interaction point (IP)
must be less than 10 cm along the z axis, |V, |, and less than
1 cm in the transverse plane, |V,,|. Particle identification
(PID) for charged tracks combines measurements of the
dE/dx and TOF to form likelihoods L(h)(h = K, x) for
each hadron & hypothesis. Tracks are identified as charged
kaons and pions by comparing the likelihoods for the kaon
and pion hypotheses, £(K) > L(x) and L(z) > L(K),
respectively.

Each K candidate is reconstructed from two oppositely
charged tracks satisfying |V.| < 20 cm. The two charged
tracks are assigned the charged pion hypothesis without
imposing any PID requirements. The candidates pions are
constrained to originate from a common vertex and are
required to have an invariant mass within |M .- — m K§| <

12 MeV/c?, where mgo is the known K(S) mass [21]. The

decay length of the Kg candidate is required to be twice
greater than its uncertainty.

Photon candidates are identified using showers in the
EMC. The deposited energy of each shower must be more
than 25 MeV in the barrel region (| cos 8] < 0.80) and more
than 50 MeV in the end cap region (0.86 < | cos 8| < 0.92).
To exclude showers associated with charged tracks, the
angle subtended by the EMC shower and the position of the
closest charged track at the EMC must be greater than
10 deg as measured from the IP. To suppress electronic
noise and showers unrelated to the event, the difference
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TABLE II. ST selection requirements on AE, M, and Mpc for each tag mode.

Tag mode AE (GeV) Mp (GeV/c?) Mg (GeV/c?)
D - Kt~ (—0.024,0.028) (1.846, 1.885) (2.001, 2.024)
D’ - Ktnata (—=0.024,0.030) (1.850, 1.880) (1.999, 2.025)
DY - Ktz z° (—0.031,0.047) (1.832, 1.890) (1.994, 2.030)
D™ - K nn (—0.025,0.032) (1.854, 1.886) (1.997, 2.029)
D™ - K'K rn~ (—0.025,0.032) (1.856, 1.884) (2.000, 2.024)
D™ = Ktna a° (—0.032,0.046) (1.838, 1.893) (1.998, 2.026)
D~ - Kin~ (—=0.025,0.028) (1.852, 1.890) (1.998, 2.027)
D™ — K%z~ z° (—=0.036,0.052) (1.831, 1.900) (1.992, 2.033)
D™ - Kinntn (—0.027,0.032) (1.852, 1.887) (1.999, 2.025)

between the EMC time and the event start time is required
to be within [0, 700] ns.

The 7° candidates are reconstructed through z° — yy
decays. The diphoton invariant masses M, must lie within
the range [0.115,0.150] GeV/c?. For diphoton combina-
tions satisfying this requirement M,, is kinematically
constrained to the known 7° mass [21].

If there are multiple ST candidates found, the candidate
with the minimal |AE| = |Ep- — Epeam| 18 selected, where
Epeam 1s the beam energy and Ep-- is the reconstructed
energy of the ST candidate in the e"e” CM frame.
Furthermore, it is possible that there are multiple combi-
nations having exactly the same AE value for the ST modes
with 7z~ () as final states of D°(D~) decays. Specifically,
in the case of D*~ — 7 DD - 2°D") with
D - Xz~ (D~ - Xz°), the value of AE remains
unchanged even if the two z~(z°) are switched. In this
case, the least |[AM| = |Mp- — m,-«| is used to identify the

7~ meson produced from D*~ decays (”1—)(*0)) for further
analysis. Here, Mp- is the reconstructed mass of
D*~ candidate, and mj-o is the nominal mass of the
D~ meson [21].

The ﬂ,_)g)) candidate is required to have momentum less
than 100 MeV/c to suppress backgrounds. Since the CM
energies are about 160-210 MeV higher than the D*t D*~
mass threshold, the D*~ is boosted. MC studies show that
more than 90% of signals have cos @p, > 0, where 0p, is
the opening angle between D°(~) and JTB(*O) inthe eTe™ CM
frame. Therefore, a requirement of cos 6p, > 0 is applied
to suppress backgrounds caused by the misreconstruction
of the ﬂ5£0>.

The variables AE, the reconstructed mass of D°(D™)

candidate (Mp), and the beam-constrained mass,
Myc = Eﬁeam — |pp-|?, where pp-- is the reconstructed

D*~ momentum in the et e~ CM frame, are used to further
suppress combinatorial backgrounds. Requirements on
these variables are listed in Table II, which correspond
to 3o regions for the signal process. Here, ¢ stands for the
standard deviations for the variables that are determined by
the fits on the corresponding distributions for each tag.

To determine the ST signal yield, a maximum-likelihood
fit to the distributions of AM is performed for each tag
mode at each energy point. In the fit, the signal shape is
described by a double-Gaussian function and the back-
ground shape by a third-order polynomial. The ST yields
(Nip), and efficiencies ek are extracted from the fits to data
and inclusive MC samples, respectively. Signal regions of
AM are set at three times the resolution. Figure 2 shows the
fit results at 4.178 GeV, and Table III summarizes the signal
regions of AM, ST signal yields, and ST efficiencies at
4.178 GeV. The fit results at other energy points can be
found in Appendix A. These fits give a total ST yield of
N§F = 516256 £ 1870 at 4.178-4.226 GeV.

B. Double-tag analysis

To search for the D** — #*v, decays recoiling against
ST candidates, we require that there is only one charged
track (the number of extra charged tracks, NS¢ is zero),
which is identified as an e™ or a y*, and the maximum

energy of photon(s) not used in the ST candidate selection,

| D -1 D(K'T) 40F DD (K'nm) D"—m"D'(K:n'n“)

10p

D" n’D(Km)

5]
(=]

—_
(=}

<

D 5D (K ) St D"an"D'(K:n'n'n*)

L |
- 0 — 0

D 5D (K n’)

IS
=)

()
=}

=)

D"an’ﬁD(K*nﬁt’n*) 20F

Events / (0.075 MeV/c?) (x10%)

D 5D (K'KT)
4

[S]
=)

v 0.15 0.14 0.15 0.14 0.15
AM (GeV/c?)

FIG. 2. Fits to the AM distributions of the accepted ST D*~
candidates at /s = 4.178 GeV. The points with error bars are
data. The blue solid curves and red dashed curves represent the
best fits and fitted combinatorial backgrounds, respectively. The
pairs of red arrows indicate the AM signal region.
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TABLE III. ST yields and efficiencies for each tag mode at 4.178 GeV. Uncertainties are statistical only.

Tag mode AM (GeV/c?) Nir ehr (%)
D - Kt~ (0.142, 0.150) 40325 £+ 453 8.14 +0.04
DY - Ktn~ntn (0.142, 0.150) 40325 £+ 453 4.65 +£0.02
D’ - Ktz z° (0.142, 0.150) 86568 £ 888 4.86 +£0.02
D™ - Ktnn~ (0.137, 0.145) 76303 £ 511 14.87 £0.05
D™ - KYK n~ (0.137, 0.145) 6389 1+ 241 11.66 £0.13
D™ = Ktz a a° (0.137, 0.145) 24411 £ 648 6.68 £ 0.04
D™ - Kin~ (0.137, 0.145) 9094 + 193 14.85 £0.15
D™ — K3n~n° (0.137, 0.145) 20942 £ 561 7.95 £ 0.05
D™ - Kinntn (0.137, 0.145) 10922 £ 225 8.65 £0.08

Total

326405 + 1567

TABLE IV. Requirements of the hit depth in the MUC for
muon candidate.

| cos ] p (GeV/c) Depth (cm)

p <0.88 >17.0
(0.00, 0.20) 0.88 < p < 1.04 >100.0x p —71.0

p > 1.04 >33.0

p <0091 >17.0
(0.20, 0.40) 091 < p <1.07 >100.0 x p —74.0

p >1.07 >33.0

p <094 >17.0
(0.40, 0.60) 094 < p <1.10 >100.0x p —77.0

p =110 >33.0
(0.60, 0.80) >17.0
(0.80, 0.93) >17.0
Eitay» must be less than 0.3 GeV, to suppress backgrounds

associated with photon(s).
Measurements in the MDC, TOF, and EMC are used to
construct combined likelihoods (£') under the positron,

—e— Data
=~ | @ —--signamc
§ 4-_ -Background I
[5) -
=
® L
2 2
= |
]
>
82
O=—21 00 o1
Umiss (GCV)

FIG. 3.

pion, and kaon hypotheses. Positron candidates are
required to satisfy £'(e) > 0.001 and L'(e)/(L'(e) +
L'(z)+ L' (K))>0.8. To reduce background from
hadrons and muons, the positron candidate is further
required to have a deposited energy in the EMC greater
than 80% of its momentum as determined from its
trajectory in the MDC. Muon PID uses information from
the EMC and MUC. The energy deposited in the EMC is
required to be in the range of (0.0,0.3) GeV. The muon
penetrates further than other charged particles and thus has
a deeper hit depth in the MUC. The penetrating depths of
muon candidates are required to satisfy the criteria listed in
Table IV.

Neutrinos cannot be detected directly by the BESIII
detector. However, their presence can be inferred in the
process ete” — D*'D*~ by the kinematic variable
Umiss = Emiss - |ﬁmiss‘7 where Emiss is miSSing energy
calculated by E i = Eqn — Ep- — Ez+, and pp is the
momentum of the missing neutrino given by
DPmiss = —Pp — D¢+, Where E v and py+ are the energy
and momentum of e™ or yt in the ete”™ CM frame,

¢ 10
>
(D]
>
g.; |
< s
E |
4
jaa]
00100 0.l
U (GeV)

The U, distributions for the (a) D** — e*v, and (b) D*" — /ﬁuﬂ candidates. The points with error bars are data combined

from all energy points. The blue filled histogram is the simulated background derived from the inclusive MC sample. The dashed
histogram is the signal MC events with arbitrarily normalization for visualization. The signal region lies inside the red arrows, and the

sideband region lies outside.
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TABLE V. The DT efficiencies of D** — #*v, at 4.178 GeV.
Uncertainties are statistical only.

epr (%)
Tag mode DT = eTy, D** = uty,
DY - Ktn~ 6.90 £ 0.06 6.47 £ 0.06
D Ktnntn 3.87 +£0.07 3.72 +£0.07
D’ - Ktz 2 4.10 £0.05 3.91+£0.04
D™ - Ktnn~ 17.38 +0.09 16.65 £+ 0.09
D~ —» K"K 7~ 1331 +£0.11 1275 £0.11
D™ - Ktz a® 8.81 £0.09 8.27 +£0.08
D™ — K4z~ 16.97 £ 0.11 16.08 £ 0.11
D™ — K4z~ n° 9.37+0.12 9.01 £0.12
D™ - Kn~ntn™ 9.88 £0.16 9.54 £0.16

respectively. A signal would manifest itself as an excess of
events around U ;s = 0. No significant signal is seen in the
events passing the D** — ¢*v, selection, as can be seen
in Fig. 3.

The U, signal and sideband regions are defined based
on the signal MC events. Fits to signal MC events
distributions are performed by using a double Gaussian
function to model the signal shape and a third-order
polynomial to model the background shape. The U,
signal region is set to be three standard deviations around
the fitted peaks, which correspond to (—0.055, 0.067) GeV
for D** - e*v, and (—0.053,0.058) GeV for D*t —
#Fv,. The sideband region for both selections is defined
to be U within [-0.2,0.2] GeV and lying outside the
signal region.

The DT efficiencies for D** — £, events are calculated
from the number of signal MC events falling into the signal
regions divided by the number of generated signal MC events,
in which D** decays to the £ v, final state and D*~ decays to
the tag modes. The DT efficiencies (ely) for each tag mode at
\/E = 4.178 GeV are listed in Table V, and those for the other
energy points can be found in Appendix B. From the DT
efficiencies presented in this table and the ST efficiencies
listed in Table III, the effective averaged efficiencies for
reconstructing the D** — ¢*v, decay, ép-+_4+,,, are deter-
mined to be (80.90 + 1.46)% for D** — e*v, and (68.86 +
1.23)% for D** — u'*v,, after applying the muon PID
systematic correction as described in Sec. V, where the
uncertainties are statistical ones only.

From counting, we determine N ‘S"i‘{a, the number of events
in the U, signal region in data, and N34, the number in the

data sideband region. The corresponding numbers in the
inclusive MC sample are NY and NY<. We estimate the
number of background events in the signal region to be V' ‘si%‘a
scaled by the factor (N /NYS). The number of events in
each region for data and MC simulation is listed in Table V1.

IV. UPPER LIMITS OF BRANCHING FRACTIONS

Since there are only two and one events in the signal
region for D** — e*v, and D** — p*v,, respectively, the
upper limits of their signal yields at the 90% confidence
level, Ny, are calculated by using a frequentist method
with an unbounded profile likelihood treatment of system-
atic uncertainties [27,28]. In this method, the numbers of
signal and background events are assumed to follow a
Poisson distribution, while the detection efficiency is
assumed to obey Gaussian distribution, and the systematic
uncertainty, as discussed later, is considered as the standard
deviation of the efficiency. This is done by utilizing the
TROLKE class [29] in the ROOT framework [30].

With the number of events in the U, signal region
observed in data N g}‘{“, the normalized number of events in
the Uy, sideband region observed in data N3 the

effective averaged efficiency €p++_ .+, , the ratio of back-

. . . NMC
ground events between the sideband and signal regions %,
SR

|1 274

as well as the total systematic uncertainty Jyy,, the Ny, is
calculated to be 5.9 for D*' — ety, and 2.2 for
Dt — /ﬁyﬂ. Since the effective averaged efficiency
€p_¢+y, has been considered in the determination of
Ny, by the TROLKE package, the upper limits of the
branching fractions are given by

NUL

By =~ -
tot
Ngt

(3)

Finally, the upper limits of the branching fractions of
D*" = ey, and D** — uty, at 90% confidence level
determined to be 1.1 x 1075 and 4.1 x 107, respectively,
Table VI shows all quantities used for the branching
fraction upper limit calculation and the obtained results.

V. SYSTEMATIC UNCERTAINTY

Table VII summarizes the assigned systematic uncer-
tainties, which are discussed below.

The systematic uncertainties associated with e®(u*)
tracking and PID efficiencies are studied with a control

TABLE VI. The quantities used to calculate the branching fraction upper limits.

Signal mode Nts()]l_‘ Ncskll{a Ng%a ng/IRC ng/{gc éD“ Sy, (%) NUL BUL
Dt - efy, 516256 + 1870 2 4 34 239 80.90 £ 1.46 59 1.1 x 107
D" = uty, 1 61 182 2872 68.86 + 1.23 22 43 x10°°
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TABLE VII. Relative systematic uncertainties (in %) from each
source.

Source Dt - efuy, Dt = uty,
Tracking 0.2 0.2

PID 0.5 0.5

Ng; 29 29
EGa, < 0.3 GeV 0.8 0.8
Nggf:,fe =0 0.2 0.2

Tag bias 0.7 0.8

f factor 4.1 4.1

MC sample sizes 1.0 1.0
Total 53 53

sample of eTe™ — yete (utu™) events. The efficiencies
determined from this control sample are used to correct the
efficiencies measured in the signal MC samples in the two
dimensions of momentum and cos € and the difference in
result taken as the corresponding systematic uncertainty for
the tracking and electron PID efficiency. In the case of the
muon PID, the systematic uncertainty is assigned by
propagating the statistical uncertainty associated with the
control sample to the branching-fraction measurement.

The uncertainty in the total number of ST D*~ mesons is
assigned to be 2.9% by examining the changes in the fit
yields when varying the signal and background shapes in
the fit. The nominal signal shape is replaced with an MC-
simulated shape convolved with a double-Gaussian func-
tion and the nominal background shape with an ARGUS
function [31].

The uncertainties associated with the extra photon
energy and extra charged track requirements are studied
with samples of the light hadronic processes ete™ —
KtK ntn ,ntnntn ,KTK 7zt 2% andnt 7z 7t 7 7°.
The ratios of the average efficiencies of data to those of
simulation are found to be 1.008 £ 0.001 for the extra
photon-energy requirement and 0.998 + 0.001 for the extra
charged-track requirement. We assign 0.8% and 0.2% as the
systematic uncertainties from the extra photon energy and
charged track requirements, respectively.

The uncertainty associated with the ST efficiency does
not fully cancel. Because the ST efficiencies estimated with
the inclusive and signal MC samples differ from each other
due to different multiplicities, there can be a bias associated
with the reconstruction of the tag mode. We study the
variation in tracking/PID efficiencies for different multi-
plicities and take the combined differences between data
and MC simulation, 0.7% for D*"™ — e"v, and 0.8%
D*" = u*y,, as the corresponding tag-bias uncertainties.
The efficiency for reconstructing the tag modes almost
cancel with the DT method, and the residual effects are
referred to as tag bias.

The systematic uncertainty caused by the change of f
factor is estimated to be 4.1% as a result of cross section

uncertainty of D**D*~, D**D*, D’D*~z*, and D*D*7°,
even including D*°*D*~z* [32] and D**D*~2°. Similarly,
according to the isospin symmetry, the cross section of
D**D*~ 7" is set to be half of D**D*~z*. The uncertainty
in the knowledge of the ST and DT efficiencies arising from
the limited MC sample sizes, as shown in Tables III and V,
is evaluated to be 1.0% for each signal decay mode. Lastly,
the total systematic uncertainty, &gy, is 5.3% for both
D** = ey, and D't — uty,.

VI. CONCLUSION

Using a data sample corresponding to an integrated
luminosity of 6.32 fb~!, taken at /s = 4.178-4.226 GeV
by the BESIII detector, we search for the leptonic decays of
D** - e*v, and D*" — uty, for the first time. No
significant signal is observed. We set upper limits on the
branching fractions of these decays, which are B(D*t —
e'v,) < 1.1x107 and B(D*" — p'v,) <43 x 1076 at
the 90% confidence level. The larger datasets that are
foreseen to be collected at BESIII in the coming years [12]
will offer the opportunity to further improve the sensitivity
to these decays.
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APPENDIX A: ST YIELDS AND EFFICIENCIES

Tables VIII and IX summarize the ST efficiencies
and the ST yields in data at /s = 4.189-4.226 GeV,
respectively. Figures 4-8 show the fits to the AM distri-
butions of the accepted ST D*~ candidates at these energy
points.

TABLE VIII. ST efficiencies at /s = 4.189-4.226 GeV. The uncertainties are statistical only.

€5t (%)
Tag mode 4.189 4.199 4.209 4.219 4.226
D’ - K-zt 8.66 +0.23 7.89 £0.17 8.15+0.22 5.50 £0.17 5.33£0.20
D’ —» K-ntrata 3.98 +£0.11 473 +0.10 4.36 £0.10 3.30+£0.12 2.97 £0.08
D - K=zt z° 4.25+0.10 4.86 £ 0.09 4.56 £0.09 3.62£0.10 3.53 £0.33
D" - K ntnt 12.28 £0.17 14.06 +0.23 13.13 £0.22 9.26 £0.23 8.38 +0.66
D" - K"Kzt 8.88 +2.43 10.28 +0.61 11.22 +1.48 6.71 +£0.59 5.72 £0.55
DY = K ntata® 6.41 +0.44 6.73 +0.32 5.30 £ 0.31 5.65 £0.50 4.04 +£0.29
Dt = K%+t 12.09 £ 0.56 13.09 £ 0.50 12.92 £ 0.72 9.45£0.74 8.75 +0.98
Dt = K%t a0 7.44 +0.48 7.22 +0.30 6.59 +0.32 3.71 +£0.23 4.12+£0.25
Dt = Kt ntn 7.67 £0.46 8.08 +0.37 8.27+£0.73 5.54 £0.66 391 £0.31
TABLE IX. ST yields in data at /s = 4.189-4.226 GeV. Uncertainties are statistical only.

Ni

Tag mode 4.189 4.199 4.209 4.219 4.226
DY - K=z 6070 £+ 197 5546 + 147 4264 + 109 3644 4+ 149 5402 4+ 144
D’ - K atatn 7626 + 214 7444 + 207 5511 4+ 144 4632 £+ 125 7243 + 187
DY = K~ntz0 13081 + 342 12143 £ 443 10059 + 232 8316 4+ 309 12004 + 262
D" - K ntat 10675 + 210 9587 + 308 7293 + 210 5495 + 177 8195 £+ 142
D" - K"K~ n* 938 + 76 899 + 85 560 £ 42 370 £ 126 645 £ 56
DY - K ntata® 3180 £ 313 1864 + 212 2271 + 147 1302 + 206 2612 + 256
Dt — K%+ 1120 + 50 1151 =84 978 £ 80 546 £32 903 £+ 128
Dt — K%ta® 2590 £ 121 2162 + 82 1625 +79 1175 + 69 2300 + 152
Dt = Koztntn 1664 4+ 281 1234 4 88 1097 + 160 798 + 78 951 + 57
Sum 46944 £ 667 43123 £ 655 33251 £438 26278 £ 445 40255 £ 472
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FIG. 4. Fits to the AM distributions of the accepted ST D*~
candidates at /s = 4.189 GeV. The points with error bars are
data. The blue solid curves and red dashed curves represent the
best fits and fitted combinatorial backgrounds, respectively. The
pairs of red arrows indicate the AM signal region.
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pairs of red arrows indicate the AM signal region.
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APPENDIX B: DT EFFICIENCIES

Tables X and XI summarize the DT efficiencies of D** — e*v, and D*" — u'y, at /s = 4.189-4.226 GeV,

respectively.

TABLE X. DT efficiencies of D** — e*v, at /s = 4.189-4.226 GeV.

€§T.D**—>e+ye
Tag mode 4.189 4.199 4.209 4.219 4.226
D — Kzt 7.20 £ 0.06 7.52 £0.06 6.99 4+ 0.06 6.67 +0.06 6.50 + 0.06
D’ - K ntatn 4.12 £0.07 4.29 +£0.07 3.99 +£0.07 3.91 +£0.07 3.83 £0.07
D° - K~ntn° 4.22£0.05 4.39 £0.05 4.25+0.05 4.05 £0.05 3.86 £ 0.04
D" - K ntn® 17.34 £ 0.09 16.93 +£0.09 15.68 = 0.09 14.38 £ 0.08 12.66 £ 0.08
D" - K"K~ n* 13.31 £0.11 13.11 £0.11 11.94 £0.10 11.01 £0.10 9.74 £ 0.09
Dt - K-ntntza® 8.70 £ 0.08 8.65 £0.08 7.90 + 0.08 7.28 +0.08 6.87 £0.08
Dt — K%+ 16.85 +0.09 16.59 £ 0.09 15.13 £0.09 13.76 £ 0.08 12.22 £0.08
Dt — K%+t n° 9.20 +0.07 9.18 +0.07 8.46 +0.07 7.79 £ 0.06 7.12 £ 0.06
Dt = Kortata~ 8.38 +0.09 8.32 +0.09 7.77 £0.09 7.03 +0.08 6.69 +0.08
TABLE XI. DT efficiencies of D** — u*v, at \/s = 4.189-4.226 GeV.
elST,D'*—»ﬂ*uu

Tag mode 4.189 4.199 4.209 4.219 4.226
D - Kzt 6.74 £ 0.06 7.00 £ 0.06 6.64 + 0.06 6.27 £ 0.06 6.02 + 0.05
DY - K-ntntn 3.90 £ 0.07 412 +0.07 4.00 = 0.07 3.65 +0.07 3.59 £0.07
DY = Kntz® 3.87 £0.04 4.15 £ 0.05 3.93 +£0.04 3.67 £0.04 3.57 £ 0.04
DT - K ntnt 16.47 +0.09 16.03 £ 0.09 15.03 £ 0.09 13.49 +0.08 11.98 £ 0.08
DT - K"K~ n* 12.49 +0.11 1238 £0.11 11.54 £0.10 10.34 £ 0.10 9.15 £ 0.09
Dt - K atnta® 8.23 +0.08 7.99 £0.08 7.42 £0.08 7.21 £0.08 6.36 £ 0.07
Dt — K%+ 16.12 £ 0.09 15.69 £+ 0.09 14.54 £ 0.09 13.18 £ 0.08 11.69 £+ 0.08
Dt — K%+t a° 8.75 £0.07 8.69 £0.07 7.94 £ 0.06 7.30 £ 0.06 6.69 £ 0.06
Dt - Koztata 7.95 £ 0.09 7.96 +0.09 7.12 +0.08 6.73 +0.08 6.16 £ 0.08
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