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By analyzing eþe− annihilation data corresponding to an integrated luminosity of 7.93 fb−1, collected
at the center-of-mass energy of 3.773 GeV with the BESIII detector, we search for the semileptonic
decays D0 → K−ηeþνe, Dþ → K0

Sηe
þνe and Dþ → ηηeþνe for the first time. We present evidence for

D0 → K−ηeþνe with a significance of 3.3σ. The branching fraction of D0 → K−ηeþνe is measured to
be ð0.84þ0.29

−0.34 � 0.22Þ × 10−4. No significant signals are observed for the decays Dþ → K0
Sηe

þνe and
Dþ → ηηeþνe and we set the upper limits on their branching fractions.
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I. INTRODUCTION

Studies of the semileptonic D decays are important to
test the Standard Model (SM) and search for new physics
beyond the SM [1]. Four-body semileptonic decays D →
P1P2lþνl (P denotes the pseudoscalar meson), mediated
via c → ðs; dÞlþνl transitions, can receive contributions
from light scalar or vector meson. Consequently, these
decays provide a good laboratory for probing the internal
structures of light hadrons [2–4]. The experimental studies
of the semileptonic decays D → P1P2lþνl, except for the
decays D → ðV; SÞlþνl with ðV; SÞ → P1P2 (V, S denote
a vector or scalar meson), are limited. The semileptonic
decaysD0 → K−ηeþνe,Dþ → K0

Sηe
þνe andDþ → ηηeþνe

proceed via the Feynman diagrams shown in Fig. 1.
Throughout this paper,D denotes aD0 orDþ meson. The

branching fractions ofD0 → K−ηeþνe,Dþ → K0
Sηe

þνe and
Dþ → ηηeþνe decays are predicted [5] using SU(3) flavor
symmetry theory, as summarized in Table I. The branching
fractions ofD → V=Seþνe (whereV andS denoteK�

0ð1430Þ
and f0ð1500Þ, respectively) are predicted using the covariant
light-front quark model [6]. No experimental study of these
decays has been reported to date.
In this paper, we search for the semileptonic decays

D0 → K−ηeþνe,Dþ → K0
Sηe

þνe andDþ → ηηeþνe for the
first time, using an integrated luminosity of 7.93 fb−1 of
eþe− collision data taken with the BESIII detector at
the center-of-mass energy of

ffiffiffi
s

p ¼ 3.773 GeV. Charge-
conjugate modes are implied throughout this paper.

II. BESIII DETECTOR AND MONTE
CARLO SIMULATION

The BESIII detector [7] records symmetric eþe− colli-
sions provided by the BEPCII storage ring [8] in the
center-of-mass energy range from 1.85 to 4.95 GeV,
with a peak luminosity of 1 × 1033 cm−2 s−1 achieved atffiffiffi
s

p ¼ 3.773 GeV. BESIII has collected large data samples
in this energy region. 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(Tl)
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 identi-
fication modules interleaved with steel. The charged-
particle momentum resolution at 1 GeV=c is 0.5%, and
the 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)
region. The time resolution in the TOF barrel region is
68 ps, while that in the end cap region was 110 ps. The end
cap TOF system was upgraded in 2015 using multigap
resistive plate chamber technology, providing a time

FIG. 1. Two possible leading-order Feynman diagrams
of the nonresonant decays D0 → K−ηeþνe, Dþ → K0

Sηe
þνe

and Dþ → ηηeþνe.
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resolution of 60 ps. About 63% of the data used in this
analysis benefits from this upgrade.
Simulated data samples produced with a GEANT4-based

[9] Monte Carlo (MC) package, which includes the geo-
metric description of the BESIII detector and the detector
response, are used to determine detection efficiencies and
to estimate backgrounds. The simulation models the beam
energy spread and initial state radiation (ISR) in the eþe−
annihilations with the generator KKMC [10,11]. The inclu-
sive MC samples include the production of DD̄ pairs
(including quantum coherence for the neutral D channels),
the non-DD̄ decays of the ψð3770Þ, the ISR production of
J=ψ and ψð3686Þ states, and the continuum processes
incorporated in KKMC [10,11]. All particle decays are
modeled with EVTGEN [12,13] using the branching frac-
tions either taken from the Particle Data Group [14] when
available, or otherwise estimated with LUNDCHARM [15].
Final state radiation (FSR) from charged final state particles
is incorporated using the PHOTOS package [16]. Because
there is little information about the decays under study, the
signal decays D → Pηeþνe are simulated, proceeding with
and without subresonance, with a fraction of half for each.
For the first case, they are generated as D → Reþνe with
R → Pη by using the ISGW2 model [17], where P ¼ K,
K0

S, and η. For the second case, called phase-space (PHSP)
model, they are generated in N-body decays, averaging
over the spins of initial and final state particles.

III. MEASUREMENT METHOD

The eþe− → ψð3770Þ → DD̄ process provides an ideal
platform to investigate semileptonic D decays by using
the double-tag (DT) method [18,19], benefiting from the
fact that there is no additional particle accompanying the
DD̄ pair in the final state. First, single-tag (ST) D̄0 mesons
are reconstructed by using the hadronic decay modes
D̄0 → Kþπ−, Kþπ−π0, and Kþπ−π−πþ, while ST D−

mesons are reconstructed via the decays D− → Kþπ−π−,
K0

Sπ
−, Kþπ−π−π0, K0

Sπ
−π0, K0

Sπ
þπ−π−, and KþK−π−.

Then, signal candidates are reconstructed from the
remaining tracks and showers. Candidates in which
D0 → K−ηeþνe, Dþ → K0

Sηe
þνe or Dþ → ηηeþνe with

D̄ decays into an ST mode are called DT candidates. The
branching fractions of the signal decays are determined by

BSL ¼ NDT

Ntot
ST · ε̄SL · Bsub

; ð1Þ

where Ntot
ST represents the total number of ST D̄ mesons,

NDT denotes the number of the DT events, Bsub is
Bη→γγ , BK0

S→πþπ− · Bη→γγ, and B2
η→γγ for the decays

D0 → K−ηeþνe, Dþ → K0
Sηe

þνe and Dþ → ηηeþνe,
respectively. BK0

S→πþπ− and Bη→γγ are the branching frac-

tions of K0
S → πþπ− and η → γγ. Additionally, ε̄SL is the

average efficiency of reconstructing the semileptonic signal
decays. The average signal efficiency, weighted over the ST
modes i, is calculated as ε̄SL ¼ Σi½ðεiDT · Ni

STÞ=ðεiST · Ntot
STÞ�,

where Ni
ST is the ST yield of D̄ → i, εiST is the detection

efficiency of reconstructing D̄ → i, and εiDT is the detection
efficiency of reconstructing the ST D̄ and the signal decay
simultaneously.

IV. SELECTION OF ST D̄ CANDIDATES

All charged tracks used in this analysis are required to be
within a polar angle (θ) range of j cos θj < 0.93, where θ is
definedwith respect to the z-axis,which is the symmetry axis
of the MDC. For good charged tracks not originating from
K0

S decays, the distance of closest approach to the interaction
point (IP) must be less than 10 cm along the z-axis, jVzj, and
less than 1 cm in the transverse plane, jVxyj. Charged tracks
are identified by using the energy deposited in the MDC
(dE=dx) and the flight time in the TOF; combined like-
lihoods for the pion and kaon hypotheses (LK and Lπ) are
computed separately. Kaon and pion candidates are required
to satisfy LK > Lπ and Lπ > LK , respectively.
Each K0

S candidate meson is reconstructed from two
oppositely charged tracks each satisfying jVzj < 20 cm.
The two charged tracks are assigned as πþπ− without
imposing further particle identification (PID) criteria. They
are constrained to originate from a common vertex, which
is required to be away from the IP by a flight distance of at
least twice the vertex resolution. The quality of the vertex
fits (a primary vertex fit and a secondary vertex fit forK0

S) is
ensured by a requirement of χ2 < 100, where the number of
degrees of freedom is 3. The invariant mass of the πþπ−

pair is required to be within ð0.487; 0.511Þ GeV=c2.
Neutral pion candidates are reconstructed by the π0 → γγ

decays. 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 (j cos θj < 0.80) and
more than 50 MeV in the end cap region (0.86 <
j cos θj < 0.92) [7]. To exclude showers that originate
from charged tracks, the angle subtended at the IP by
the EMC shower and the position of the closest charged
track at the EMC must be greater than 10 degrees. To
suppress electronic noise and showers unrelated to the
event, the difference between the EMC shower time and
the event start time is required to be within [0, 700] ns. For
π0 candidates, the invariant mass of the photon pair is
required to be within (0.115,0.150) GeV=c2. To improve
the momentum resolution, a mass-constrained (1-C) fit to

TABLE I. The branching fractions of D0 → K−ηeþνe, Dþ →
K̄0ηeþνe and Dþ → ηηeþνe predicted using SU(3) flavor sym-
metry [5].

Decay D0→K−ηeþνe Dþ→ K̄0ηeþνe Dþ→ ηηeþνe

Value (×10−6) 3.51� 3.51 8.9� 8.9 3.16� 2.26
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the nominal π0 mass [14]; a fit χ2 < 50 is also required,
where the number of degrees of freedom is 1.
In the selection of D̄0 → Kþπ− candidates, the back-

grounds from cosmic rays andBhabha events are rejected by
using the same requirements described in Ref. [20]. To
separate the ST D̄mesons from combinatorial backgrounds,
we define the energy difference ΔE≡ ED̄ − Ebeam and
the beam-constrained mass MBC≡

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
beam=c

4− jp⃗D̄j2=c2
p

,
where Ebeam is the beam energy, and ED̄ and p⃗D̄ are the
total energy and momentum of the ST D̄ candidate in the
eþe− center-of-mass frame. If there is more than one D̄

candidate in a specific ST mode, the one with the minimum
jΔEj value is kept for further analysis. The corresponding
jΔEj requirements for each ST modes are listed in Table II.
To extract the yield of ST D̄ mesons for each mode, a fit is
performed to the corresponding MBC distribution. The
signal is described by an MC-simulated shape convolved
with a double-Gaussian function which compensates the
resolution difference between data and MC simulation.
The background is described by an ARGUS function
[21]. All fit parameters are left free in the fits. Figure 2
shows the fits to the MBC distributions for individual
ST modes. Candidates within the MBC signal region of
(1.864,1.876) GeV=c2, shown as red arrows in Fig. 2, are
kept for further analysis. Combining the contributions from
all ST modes, the total yields of ST D̄0 and D− mesons
are obtained to be Ntot

ST;D̄0 ¼ ð6306.9� 2.8statÞ × 103 and

Ntot
ST;D− ¼ ð4149.9� 2.4statÞ × 103, respectively.

V. SELECTION OF DT DD̄ EVENTS

In the presence of the ST D̄ candidates, signal decays
are reconstructed from charged tracks and showers which
have not been used in the ST selection. It is required
that there are exactly two, three, or one charged tracks
reconstructed in D0 → K−ηeþνe, Dþ → K0

Sηe
þνe, or

Dþ → ηηeþνe decays, respectively.
The positron candidate is required to have a charge

opposite to that of the charm quark in the ST D̄ meson.
Information from dE=dx, TOF, and the EMC measure-
ments is combined to create combined likelihoods under
the positron, pion, and kaon hypotheses (Le, Lπ , and LK).
The positron candidate is required to satisfyLe > 0.001 and
Le=ðLe þ Lπ þ LKÞ > 0.8. To reduce background from
hadrons andmuons, the positron candidate is further required
to have anE=p, the deposited energy in the EMC divided by
the momentum measured in the MDC, between 0.8 and 1.1.
The invariant mass of the η candidate photon pair is

required to be within (0.505,0.575) GeV=c2. To improve
the momentum resolution, a mass-constrained (1-C) fit to
the nominal ηmass [14] is imposed on the photon pair. The
fit χ2 must be less than 50 and the four-momentum of the η
candidate returned by this kinematic fit is used for further
analysis. The selection criteria of photons, charged and
neutral kaons are the same as those used in the ST selection.
Peaking backgrounds from hadronic D decays with

multiple pions in the final states are rejected by requiring
that the invariant mass of the Pηeþ system, MPηeþ , be less
than 1.80 GeV=c2. To suppress backgrounds with extra
photon(s), we require that the energy of any extra photon,
Eγ
extra, be less than 0.25 GeV and there is no extra π0

(Nπ0
extra ¼ 0) in the candidate event. To reject the background

from non-η decays, such as D0 →K−π0eþνe;K−πþπ0π0, in
theD0 → K−ηeþνe analysis, we require the invariantmass of
the K−η system to satisfy MK−η > 1.30 GeV=c2.
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FIG. 2. The MBC distributions for the different ST D̄ decays
with fit results overlaid. In each plot, the points with error bars are
data, the red dashed curve is the background contribution, and the
blue solid line shows the total fit. Pairs of red arrows show the
MBC signal windows.

TABLE II. The ΔE requirements, the obtained ST D̄0ðD−Þ
yields (Ni

ST) in data and the ST efficiencies (εiST). The efficiencies
do not include the branching fractions of the K0

S and π0 decays.
The uncertainties are statistical only.

Tag mode ΔE (GeV) Ni
STð×103Þ εiSTð%Þ

D̄0 → Kþπ− ð−0.027; 0.027Þ 1449.5� 1.3 64.95� 0.01
D̄0 → Kþπ−π0 ð−0.062; 0.049Þ 2913.2� 2.0 35.52� 0.01
D̄0 → Kþπþπ−π− ð−0.026; 0.024Þ 1944.2� 1.6 40.42� 0.01

D− → Kþπ−π− ð−0.025; 0.024Þ 2164.0� 1.6 51.17� 0.01
D− → K0

Sπ
− ð−0.025; 0.026Þ 250.4� 0.5 50.63� 0.02

D− → Kþπ−π−π0 ð−0.057; 0.046Þ 689.0� 1.2 25.50� 0.01
D− → K0

Sπ
−π0 ð−0.062; 0.049Þ 558.5� 0.9 26.28� 0.01

D− → K0
Sπ

−π−πþ ð−0.028; 0.027Þ 300.5� 0.7 28.97� 0.01
D− → KþK−π− ð−0.024; 0.023Þ 187.4� 0.5 41.06� 0.02
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The neutrino cannot be directly detected in the BESIII
detector. Instead, information about the missing neutrino is
inferred by the kinematic quantity Umiss ≡ Emiss − jp⃗missj.
Here, Emiss and p⃗miss are the missing energy and momen-
tum of the semileptonic candidate, respectively, calculated
by Emiss ≡ Ebeam − ΣjEj and p⃗miss ≡ p⃗D − Σjp⃗j in the
eþe− center-of-mass frame. The index j sums over the
P, η and eþ in the signal candidate, and Ej and p⃗j are
the energy and momentum of the jth particle, respectively.
To improve the Umiss resolution, the D energy is con-
strained to the beam energy and p⃗D ≡ −p̂D̄

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2
beam −m2

D

p
,

where p̂D̄ is the unit vector in the direction of the ST D̄
momentum, and mD is the D nominal mass [14]. For
correctly reconstructed signal events, Umiss peaks at zero.
The detection efficiencies ε̄SL for D0 → K−ηeþνe,

Dþ → K0
Sηe

þνe and Dþ → ηηeþνe are (5.29� 0.05)%,
(7.79� 0.05)%, and (7.52� 0.05)%, respectively.
Figure 3 shows the Umiss distributions of the accepted

candidate events. To extract the signal yields of each signal
decay, we perform an unbinned maximum likelihood fit on
the corresponding Umiss distribution. In the fit, the signal
and background components are characterized by the
simulated shapes obtained from the signal MC events

and the inclusive MC sample, respectively, with signal
and background yields floating.
Evidence for the decay D0 → K−ηeþνe is found with

a statistical significance of 3.3σ. The branching frac-
tion of the decay D0 → K−ηeþνe is determined to be
ð0.68þ0.27

−0.23Þ × 10−4. As no significant signals are observed
for the Dþ → K0

Sηe
þνe and Dþ → ηηeþνe decays, the

upper limits on their branching fractions are set at the
90% confidence level (CL). The blue dotted curves in Fig. 4
show the normalized likelihood distributions versus the
corresponding products of branching fractions.

VI. SYSTEMATIC UNCERTAINTY

With the DT method, many systematic uncertainties
associated with the ST selection cancel out in the branching
fraction measurements. The sources of the systematic
uncertainties in the measurements of the product of
branching fractions are categorized into multiplicative
and additive systematic uncertainties for the decays Dþ →
K0

Sηe
þνe and Dþ → ηηeþνe. However, the sources of the

systematic uncertainties are not classified for the D0 →
K−ηeþνe decay. Multiplicative systematic uncertainties
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include sources of uncertainty related to various efficien-
cies and are assigned relative to the measured branching
fractions. The uncertainty associated with the ST yield Ntot

ST
is estimated to be 0.1% due to the fit to the MBC
distributions, which is studied by varying the signal and
background shapes. The uncertainties of the quoted branch-
ing fractions of K0

S → πþπ− and η → γγ are 0.07% and
0.5% [14], respectively. The uncertainties from the tracking
and PID of e� are studied with a control sample of
eþe− → γeþe−. The uncertainties from the tracking and
PID of K� and π0 reconstruction are obtained by studying a
DT control sample ψð3770Þ → DD̄ with hadronic D
decays. The systematic uncertainties from the tracking
(PID) efficiencies are assigned as 1.0% (1.0%) per e�

and 1.0% (1.0%) per K�, respectively [22]. Due to the
limited sample size, the systematic uncertainty of the η
reconstruction is estimated by referring to that of π0,
which includes photon efficiency, mass window selection,
and invariant mass constraint imposed by kinematic fit.
The systematic uncertainty of η is taken to be 1.0% per η.
The systematic uncertainty associated with the K0

S recon-
struction is assigned to be 1.7% based on control samples
of ψð3770Þ → DD̄. The systematic uncertainties from
the Emax

extraγ , Nchar
extra and Nπ0

extra requirements are esti-
mated to be 0.9%, 1.8%, and 1.8% for D0 → K−ηeþνe,
Dþ → K0

Sηe
þνe and Dþ → ηηeþνe decays, respectively,

and are estimated using DT samples of D0 → K−eþνe
and Dþ → K0

Se
þνe decays reconstructed versus the same

tags as the default analysis. The systematic uncertainties
from the MPηeþ requirements are estimated to be 1.7%,
2.7%, and 2.7% for D0→K−ηeþνe, Dþ→K0

Sηe
þνe and

Dþ→ ηηeþνe, respectively, which are estimated using DT
samples of D0 → K−π0eþνe and Dþ → K0

Sπ
0eþνe decays

reconstructed versus the same tags as the default analysis.

The contribution of theMK−η requirement to the systematic
uncertainty is found to be negligible.
The systematic uncertainty related to the MC genera-

tor is estimated using alternative signal MC samples,
where the ISGW2 model is replaced by a PHSP model for
D → Reþνe. The changes of the signal efficiencies, 1.9%,
0.1%, and 0.1%, are taken as the systematic uncertainties
for D0 →K−ηeþνe, Dþ →K0

Sηe
þνe and Dþ → ηηeþνe,

respectively. The systematic uncertainty of theMCgenerator
is also considered by varying the mass and width of the
assumed resonances according individual PDG values [14].
The changes of the signal efficiencies, 7.9%, 6.0%,
and 6.3%, are taken as the systematic uncertainties for
D0→K−ηeþνe, Dþ→K0

Sηe
þνe, and Dþ → ηηeþνe, res-

pectively. The systematic uncertainties due to unknown
resonance are assigned as the differences between the
nominal efficiencies and those obtained with ISGW2 or
PHSP models, which are 24.4%, 17.0%, and 36.4% for
D0 → K−ηeþνe, Dþ → K0

Sηe
þνe and Dþ → ηηeþνe, res-

pectively. Additionally, the uncertainties due to the limited
MC sample size, propagated from DT efficiencies, are
0.5%, 0.4%, and 0.5% forD0 → K−ηeþνe,Dþ → K0

Sηe
þνe

and Dþ → ηηeþνe, respectively.
By summing these uncertainties in quadrature, the

total systematic uncertainties associated with the signal
efficiencies, σϵ, are determined to be 26.0% assumption for
D0 → K−ηeþνe, 18.5% forDþ → K0

Sηe
þνe, and 37.2% for

Dþ → ηηeþνe, respectively. These systematic uncertainties
are summarized in Table III.
The additive systematic uncertainties originate from

the fits to the Umiss distributions of the semileptonic
D decay candidates. They are dominated by the uncertainty
from the background shape. This systematic uncertainty
is studied by altering the default MC background shape
with two methods. First, alternativeMC samples are used to

TABLE III. Systematic uncertainties in % for the branching fractions and upper limits, where the dash (—)
indicates a systematic effect is not applicable.

Source D0 → K−ηeþνe Dþ → K0
Sηe

þνe Dþ → ηηeþνe

Ntag 0.1 0.1 0.1
K−; eþ tracking 2.0 1.0 1.0
K−; eþ PID 2.0 1.0 1.0
η reconstruction 1.0 1.0 2.0
K0

S reconstruction — 1.7 —

Emax
extraγ; Nchar

extra, and Nπ0
extra requirements 0.9 1.8 1.8

MηPeþ requirement 1.7 2.7 2.7
Daughter branching fractions 0.5 0.5 0.9
MC sample size 0.5 0.4 0.5
MC model 8.1 6.0 6.3
Unknown resonance 24.4 17.0 36.4
Umiss fit 0.3 — —

Total 26.0 18.5 37.2
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determine the background shape, where the relative frac-
tions of the qq̄ background is varied within the uncertain-
ties. Second, the branching fractions of the major DD̄
background sources. D0→K−πþπ0π0, D0→K−π0eþνe,
D0→K−πþη, Dþ → K0

Sπ
0eþνe, Dþ → K0

Sπ
þη, Dþ →

K0
Sπ

þπ0π0, Dþ → K0
Sπ

0eþνe, Dþ → K0
Se

þνe, and Dþ →
K0

Sπ
0πþ are varied within their uncertainties [14]. The signal

shape is varied from theMC simulated shape to an analytical
shape described by a double-Gaussian function, with the
means, widths, and relative areas of the two Gaussian
components fixed from a fit to the signal MC sample.
The uncertainty associated with the fit to the Umiss distribu-
tion is estimated to be 0.3% for the D0 → K−ηeþνe
decay, and is also summarized in Table III. The additive
systematic uncertainties for Dþ → K0

Sηe
þνe and Dþ →

ηηeþνe are considered in the maximum-likelihood results
in next section.

VII. RESULTS

To take into account the additive systematic uncertainty
in the limits, the maximum-likelihood fits are repeated
using different alternative background shapes as mentioned
in the previous section and the one resulting in the most
conservative upper limit is chosen. To incorporate the
multiplicative systematic uncertainties in the calculation
of the upper limits, the likelihood distribution is smeared by
a Gaussian function with a mean of zero and a width equal
to σϵ [23]

LðBÞ ∝
Z

1

0

L

�
B

ϵ

ϵ0

�
e
−
ð ϵϵ0−1Þ

2

2σ2ϵ dϵ; ð2Þ

where LðBÞ is the likelihood distribution as a function of
assumed branching fractions, ϵ is the expected efficiency
and ϵ0 is the average MC-estimated efficiency.
The red solid curves in Fig. 4 show the likelihood

distributions incorporating the systematic uncertainties for
Dþ → K0

Sηe
þνe and Dþ → ηηeþνe decays, respectively.

The upper limits on the product of branching fractions of
Dþ → K0

Sηe
þνe and Dþ → ηηeþνe at the 90% CL are

2.0 × 10−4 and 1.0 × 10−4, respectively.

Finally, we note that the additive systematic does not
affect the significance of the D0 → K−ηeþνe mode within
the quoted precision.

VIII. SUMMARY

Based on a 7.93 fb−1 sample of eþe− collision data taken
at

ffiffiffi
s

p ¼ 3.773 GeV with the BESIII detector, the semi-
leptonic decays D0 → K−ηeþνe, Dþ → K0

Sηe
þνe and

Dþ → ηηeþνe have been investigated for the first time.
Evidence for D0 → K−ηeþνe is found with a significance
of 3.3σ. The branching fraction of D0 → K−ηeþνe is
determined to be ð0.84þ0.29

−0.34 � 0.22Þ × 10−4. No significant
signals are found for Dþ → K0

Sηe
þνe and Dþ → ηηeþνe

and the upper limits on their branching fractions are set at
the 90% CL. With the currently available data sample, the
obtained upper limits are comparable with the theoretical
calculations. The detailed results are presented in Table IV.
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