
Study of the decay D0 → K̄0π − e+ νe
M. Ablikim,1 M. N. Achasov,10,∥ S. Ahmed,15 M. Albrecht,4 M. Alekseev,56a,56c A. Amoroso,56a,56c F. F. An,1 Q. An,53,42

Y. Bai,41 O. Bakina,27 R. Baldini Ferroli,23a Y. Ban,35 K. Begzsuren,25 D.W. Bennett,22 J. V. Bennett,5 N. Berger,26

M. Bertani,23a D. Bettoni,24a F. Bianchi,56a,56c E. Boger,27,‡ I. Boyko,27 R. A. Briere,5 H. Cai,58 X. Cai,1,42 A. Calcaterra,23a

G. F. Cao,1,46 S. A. Cetin,45b J. Chai,56c J. F. Chang,1,42 W. L. Chang,1,46 G. Chelkov,27,‡,§ G. Chen,1 H. S. Chen,1,46

J. C. Chen,1 M. L. Chen,1,42 P. L. Chen,54 S. J. Chen,33 X. R. Chen,30 Y. B. Chen,1,42 W. Cheng,56c X. K. Chu,35

G. Cibinetto,24a F. Cossio,56c H. L. Dai,1,42 J. P. Dai,37,‡‡ A. Dbeyssi,15 D. Dedovich,27 Z. Y. Deng,1 A. Denig,26

I. Denysenko,27 M. Destefanis,56a,56c F. De Mori,56a,56c Y. Ding,31 C. Dong,34 J. Dong,1,42 L. Y. Dong,1,46 M. Y. Dong,1,42,46

Z. L. Dou,33 S. X. Du,61 P. F. Duan,1 J. Fang,1,42 S. S. Fang,1,46 Y. Fang,1 R. Farinelli,24a,24b L. Fava,56b,56c F. Feldbauer,4

G. Felici,23a C. Q. Feng,53,42 M. Fritsch,4 C. D. Fu,1 Q. Gao,1 X. L. Gao,53,42 Y. Gao,44 Y. G. Gao,6 Z. Gao,53,42 B. Garillon,26

I. Garzia,24a A. Gilman,49 K. Goetzen,11 L. Gong,34 W. X. Gong,1,42 W. Gradl,26 M. Greco,56a,56c L. M. Gu,33 M. H. Gu,1,42

Y. T. Gu,13 A. Q. Guo,1 L. B. Guo,32 R. P. Guo,1,46 Y. P. Guo,26 A. Guskov,27 Z. Haddadi,29 S. Han,58 X. Q. Hao,16

F. A. Harris,47 K. L. He,1,46 F. H. Heinsius,4 T. Held,4 Y. K. Heng,1,42,46 Z. L. Hou,1 H. M. Hu,1,46 J. F. Hu,37,‡‡ T. Hu,1,42,46

Y. Hu,1 G. S. Huang,53,42 J. S. Huang,16 X. T. Huang,36 X. Z. Huang,33 Z. L. Huang,31 T. Hussain,55

W. Ikegami Andersson,57 W. Imoehl,22 M. Irshad,53,42 Q. Ji,1 Q. P. Ji,16 X. B. Ji,1,46 X. L. Ji,1,42 H. L. Jiang,36

X. S. Jiang,1,42,46 X. Y. Jiang,34 J. B. Jiao,36 Z. Jiao,18 D. P. Jin,1,42,46 S. Jin,33 Y. Jin,48 T. Johansson,57

N. Kalantar-Nayestanaki,29 X. S. Kang,34 M. Kavatsyuk,29 B. C. Ke,1 I. K. Keshk,4 T. Khan,53,42 A. Khoukaz,50 P. Kiese,26

R. Kiuchi,1 R. Kliemt,11 L. Koch,28 O. B. Kolcu,45b,** B. Kopf,4 M. Kuemmel,4 M. Kuessner,4 A. Kupsc,57 M. Kurth,1

W. Kühn,28 J. S. Lange,28 P. Larin,15 L. Lavezzi,56c S. Leiber,4 H. Leithoff,26 C. Li,57 Cheng Li,53,42 D. M. Li,61 F. Li,1,42

F. Y. Li,35 G. Li,1 H. B. Li,1,46 H. J. Li,1,46 J. C. Li,1 J. W. Li,40 K. J. Li,43 Kang Li,14 Ke Li,1 Lei Li,3,* P. L. Li,53,42 P. R. Li,46,7

Q. Y. Li,36 T. Li,36 W. D. Li,1,46 W. G. Li,1 X. L. Li,36 X. N. Li,1,42 X. Q. Li,34 Z. B. Li,43 H. Liang,53,42 Y. F. Liang,39

Y. T. Liang,28 G. R. Liao,12 L. Z. Liao,1,46 J. Libby,21 C. X. Lin,43 D. X. Lin,15 B. Liu,37,‡‡ B. J. Liu,1 C. X. Liu,1 D. Liu,53,42

D. Y. Liu,37,‡‡ F. H. Liu,38 Fang Liu,1 Feng Liu,6 H. B. Liu,13 H. L. Liu,41 H. M. Liu,1,46 Huanhuan Liu,1 Huihui Liu,17

J. B. Liu,53,42 J. Y. Liu,1,46 K. Y. Liu,31 Ke Liu,6 L. D. Liu,35 Q. Liu,46 S. B. Liu,53,42 X. Liu,30 Y. B. Liu,34 Z. A. Liu,1,42,46

Zhiqing Liu,26 Y. F. Long,35 X. C. Lou,1,42,46 H. J. Lu,18 J. G. Lu,1,42 Y. Lu,1 Y. P. Lu,1,42 C. L. Luo,32 M. X. Luo,60

P. W. Luo,43 T. Luo,9,∥∥ X. L. Luo,1,42 S. Lusso,56c X. R. Lyu,46 F. C. Ma,31 H. L. Ma,1 L. L. Ma,36 M.M. Ma,1,46 Q. M. Ma,1

X. N. Ma,34 X. Y. Ma,1,42 Y. M. Ma,36 F. E. Maas,15 M. Maggiora,56a,56c S. Maldaner,26 S. Malde,51 Q. A. Malik,55

A. Mangoni,23b Y. J. Mao,35 Z. P. Mao,1 S. Marcello,56a,56c Z. X. Meng,48 J. G. Messchendorp,29 G. Mezzadri,24a J. Min,1,42

T. J. Min,33 R. E. Mitchell,22 X. H. Mo,1,42,46 Y. J. Mo,6 C. Morales Morales,15 N. Yu. Muchnoi,10,∥ H. Muramatsu,49

A. Mustafa,4 S. Nakhoul,11,†† Y. Nefedov,27 F. Nerling,11,†† I. B. Nikolaev,10,∥ Z. Ning,1,42 S. Nisar,8 S. L. Niu,1,42
X. Y. Niu,1,46 S. L. Olsen,46 Q. Ouyang,1,42,46 S. Pacetti,23b Y. Pan,53,42 M. Papenbrock,57 P. Patteri,23a M. Pelizaeus,4

J. Pellegrino,56a,56c H. P. Peng,53,42 Z. Y. Peng,13 K. Peters,11,†† J. Pettersson,57 J. L. Ping,32 R. G. Ping,1,46 A. Pitka,4

R. Poling,49 V. Prasad,53,42 H. R. Qi,2 M. Qi,33 T. Y. Qi,2 S. Qian,1,42 C. F. Qiao,46 N. Qin,58 X. S. Qin,4 Z. H. Qin,1,42

J. F. Qiu,1 S. Q. Qu,34 K. H. Rashid,55,§§ C. F. Redmer,26 M. Richter,4 M. Ripka,26 A. Rivetti,56c M. Rolo,56c G. Rong,1,46
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We report a study of the decay D0 → K̄0π−eþνe based on a sample of 2.93 fb−1 eþe− annihilation data
collected at the center-of-mass energy of 3.773 GeV with the BESIII detector at the BEPCII collider. The total
branching fraction is determined to be BðD0 → K̄0π−eþνeÞ ¼ ð1.434� 0.029ðstat:Þ � 0.032ðsyst:ÞÞ%,
which is the most precise to date. According to a detailed analysis of the involved dynamics, we find this
decay is dominated with the K�ð892Þ− contribution and present an improved measurement of its branching
fraction to be BðD0 → K�ð892Þ−eþνeÞ ¼ ð2.033� 0.046ðstat:Þ � 0.047ðsyst:ÞÞ%. We further access their
hadronic form-factor ratios for the first time as rV ¼ Vð0Þ=A1ð0Þ ¼ 1.46� 0.07ðstat:Þ � 0.02ðsyst:Þ and
r2 ¼ A2ð0Þ=A1ð0Þ ¼ 0.67� 0.06ðstat:Þ � 0.01ðsyst:Þ. In addition, we observe a significant K̄0π− S-wave
component accounting for ð5.51� 0.97ðstat:Þ � 0.62ðsyst:ÞÞ% of the total decay rate.

DOI: 10.1103/PhysRevD.99.011103

I. INTRODUCTION

The studies on semileptonic (SL) decay modes of charm
mesons provide valuable information on the weak and
strong interactions in mesons composed of heavy quarks
[1]. The semileptonic partial decay width is related to the
product of the hadronic form factor describing the strong-
interaction in the initial and final hadrons, and the Cabibbo-
Kobayashi-Maskawa (CKM) matrix elements jVcsj and
jVcdj, which parametrize the mixing between the quark
flavors in the weak interaction [2]. The couplings jVcsj and
jVcdj are tightly constrained by the unitarity of the CKM
matrix. Thus, detailed studies of the dynamics of the SL
decays allow measurements of the hadronic form factors,
which are important for calibrating the theoretical calcu-
lations of the involved strong interaction.
The relative simplicity of theoretical description of the SL

decayD → K̄πeþνe [3] makes it a optimal place to study the
K̄π system, and to further determine the hadronic transition
form factors. Measurements of K̄π resonant and non-
resonant amplitudes in the decay Dþ → K−πþeþνe have
been reported by the CLEO [4], BABAR [5] and BESIII [6]
collaborations. In these studies a nontrival S-wave compo-
nent is observed along with the dominant P-wave one.
A study of the dynamics in the isospin-symmetric mode
D0 → K̄0π−eþνe will provide complementary information
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on the K̄π system. Furthermore, the form factors in theD →
Veþνe transition, where V refers to a vector meson, have
been measured in decays of Dþ → K̄�0eþνe [4–6], D →
ρeþνe [7] and Dþ → ωeþνe [8], while no form factor in
D0 → K�ð892Þ−eþνe has been studied yet. Therefore, the
study of the dynamics in the decay D0 → K�ð892Þ−eþνe
provides essentially additional information on the family of
D → Veþνe decays.
In this paper, an improved measurement of the absolute

branching fraction (BF) and the first measurement of the
form factors of the decay D0 → K̄0π−eþνe are reported.
These measurements are performed using an eþe− anni-
hilation data sample corresponding to an integrated lumi-
nosity of 2.93 fb−1 produced at

ffiffiffi
s

p ¼ 3.773 GeV with the
BEPCII collider and collected with the BESIII detector [9].

II. BESIII DETECTOR AND MONTE CARLO
SIMULATION

The BESIII detector is a cylindrical detector with a solid-
angle coverage of 93% of 4π. The detector consists of a
Helium-gas based main drift chamber (MDC), a plastic
scintillator time-of-flight (TOF) system, a CsI(Tl) electro-
magnetic calorimeter (EMC), a superconducting solenoid
providing a 1.0 T magnetic field and a muon counter. The
charged particle momentum resolution is 0.5% at a trans-
verse momentum of 1 GeV=c. The photon energy reso-
lution in EMC is 2.5% in the barrel and 5.0% in the end-
caps at energies of 1 GeV. More details about the design
and performance of the detector are given in Ref. [9].
A GEANT4-based [10] simulation package, which includes

the geometric description of the detector and the detector
response, is used to determine signal detection efficiencies
and to estimate potential backgrounds. The production of
the ψð3770Þ, initial state radiation production of the ψð2SÞ
and J=ψ , and the continuum processes eþe− → τþτ− and
eþe− → qq̄ (q ¼ u, d and s) are simulated with the event
generator KKMC [11]. The known decay modes are generated
by EVTGEN [12] with the branching fractions set to the
world-average values from the Particle Data Group [13],
while the remaining unknown decay modes are modeled by
LUNDCHARM [14]. The generation of simulated signals
D0 → K̄0π−eþνe incorporates knowledge of the form fac-
tors, which are obtained in this work.

III. ANALYSIS

The analysis makes use of both “single-tag” (ST) and
“double-tag” (DT) samples of D decays. The single-tag
sample is reconstructed in one of the final states listed in
Table I, which are called the tag decay modes. Within each
ST sample, a subset of events is selected where the other
tracks in the event are consistent with the decay
D0 → K̄0π−eþνe. This subset is referred as the DT sample.
For a specific tag mode i, the ST and DT event yields are
expressed as

Ni
ST ¼ 2ND0D̄0Bi

STϵ
i
ST; Ni

DT ¼ 2ND0D̄0Bi
STBSLϵ

i
DT;

where ND0D̄0 is the number ofD0D̄0 pairs, Bi
ST and BSL are

the BFs of the D̄0 tag decay mode i and the D0 SL decay
mode, ϵiST is the efficiency for finding the tag candidate,
and ϵiDT is the efficiency for simultaneously finding the tag
D̄0 and the SL decay. The BF for the SL decay is given by

BSL ¼ NDTP
iN

i
ST × ϵiDT=ϵ

i
ST

¼ NDT

NST × ϵSL
; ð1Þ

where NDT is the total yield of DT events, NST is the total
ST yield, and ϵSL ¼ ðPiN

i
ST × ϵiDT=ϵ

i
STÞ=

P
iN

i
ST is the

average efficiency of reconstructing the SL decay, weighted
by the measured yields of tag modes in data.
Selection criteria for photons, charged pions and charged

kaons are the same as those used in Ref. [15]. To
reconstruct a π0 candidate in the decay mode π0 → γγ,
the invariant mass of the candidate photon pair must be
within ð0.115; 0.150Þ GeV=c2. To improve the momentum
resolution, a kinematic fit is performed to constrain the γγ
invariant mass to the nominal π0 mass [13]. The χ2 of this
kinematic fit is required to be less than 20. The fitted π0

momentum is used for reconstruction of the D̄0 tag
candidates.
The ST D̄0 decays are identified using the beam con-

strained mass,

MBC ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð ffiffiffi

s
p

=2Þ2 − jp⃗D̄0 j2
q

; ð2Þ

where p⃗D̄0 is the momentum of the D̄0 candidate in the rest
frame of the initial eþe− system. To improve the purity of
the tag decays, the energy difference ΔE ¼ ffiffiffi

s
p

=2 − ED̄0

for each candidate is required to be within approximately
�3σΔE around the fitted ΔE peak, where σΔE is the ΔE
resolution and ED̄0 is the reconstructed D̄0 energy in the
initial eþe− rest frame. The explicit ΔE requirements for
the three ST modes are listed in Table I.
The distributions of the variable MBC for the three ST

modes are shown in Fig. 1. Maximum likelihood fits to the
MBC distributions are performed. The signal shape is
derived from the convolution of the MC-simulated signal
template function with a double-Gaussian function to

TABLE I. The selection requirements on ΔE, the signal region
in theMBC distribution, and the background-subtracted ST yields
NST in data for each of the three tag decay modes.

Decay
mode ΔE (GeV)

Signal region
(GeV=c2) NST (×103)

Kþπ− [−0.025, 0.028] [1.860, 1.875] 540.2� 0.8
Kþπ−π−πþ [−0.020, 0.023] [1.860, 1.875] 701.1� 1.7
Kþπ−π0 [−0.044, 0.066] [1.858, 1.875] 1035.9� 1.3
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account for resolution difference between MC simulation
and data. An ARGUS function [16] is used to describe the
combinatorial background shape. For each tag mode, the
STyield is obtained by integrating the signal function over
the D0 signal region specified in Table I. In addition to the
combinatorial background, there are also small wrong-
sign (WS) peaking backgrounds in the ST D̄0 samples,
which are from the doubly Cabibbo-suppressed decays
of D̄0 → K−πþ, K−πþπ0 and K−πþπþπ−. The
D̄0 → K0

SK
−πþ, K0

S → πþπ− decay shares the same final
states as the WS background of D̄0 → K−πþπþπ−. The
sizes of these WS peaking backgrounds are estimated
from simulation, and are subtracted from the correspond-
ing ST yields. The background-subtracted ST yields are
listed in Table I. The total ST yield summed over all three
ST modes is NST ¼ ð2277.2� 2.3Þ × 103, where the
uncertainty is statistical only.
Candidates for the SL decay D0 → K̄0π−eþνe are

selected from the remaining tracks recoiling against the
ST D̄0 mesons. The K̄0 meson is reconstructed as aK0

S. The
K0

S mesons are reconstructed from two oppositely charged
tracks and the invariant mass of the K0

S candidate is
required to be within ð0.485; 0.510Þ GeV=c2. For each
K0

S candidate, a fit is applied to constrain the two charged
tracks to a common vertex, and this K0

S decay vertex is
required to be separated from the interaction point by more
than twice the standard deviation of the measured flight
distance. A further requirement is that there must only be
two other tracks in the event and that they must be of
opposite charge. The electron hypothesis is assigned to the
track that has the same charge as that of the kaon on the tag
side. For electron particle identification (PID), the specific
ionization energy losses measured by the MDC, the time of
flight, and the shower properties from the electromagnetic
calorimeter (EMC) are used to construct likelihoods for
electron, pion and kaon hypotheses (Le, Lπ and LK).
The electron candidate must satisfy Le > 0.001 and
Le=ðLe þ Lπ þ LKÞ > 0.8. Additionally, the EMC energy
of the electron candidate has to be more than 70% of the

track momentum measured in the MDC (E=p > 0.7c). The
energy loss due to bremsstrahlung is partially recovered by
adding the energy of the EMC showers that are within 5° of
the electron direction and not matched to other particles
[17]. The pion hyphotesis is assigned to the remaining
charged track and must satisfy the same criteria as in
Ref. [15]. The background from D0 → K̄0πþπ− decays
reconstructed as D0 → K̄0π−eþνe is rejected by requiring
the K̄0π−eþ invariant mass (MK̄0π−eþ) to be less than
1.80 GeV=c2. The backgrounds associated with fake pho-
tons are suppressed by requiring the maximum energy of
any unused photon (Eγmax) to be less than 0.25 GeV.
The energy and momentum carried by the neutrino

are denoted by Emiss and p⃗miss, respectively. They are
calculated from the energies and momenta of the tag (ED̄0 ,
p⃗D̄0) and the measured SL decay products (ESL ¼
EK̄0 þ Eπ− þ Eeþ , p⃗SL ¼ p⃗K̄0 þ p⃗π− þ p⃗eþ) using the rela-
tions Emiss ¼

ffiffiffi
s

p
=2 − ESL and p⃗miss ¼ p⃗D0 − p⃗SL in the

initial eþe− rest frame. Here, the momentum p⃗D0 is

given by p⃗D0 ¼ −p̂tag

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð ffiffiffi

s
p

=2Þ2 −m2
D̄0

q
, where p̂tag is

the momentum direction of the ST D̄0 and mD̄0 is the
nominal D̄0 mass [13]. Information on the undetected
neutrino is obtained by using the variable Umiss defined by

Umiss ≡ Emiss − jp⃗missj: ð3Þ

The Umiss distribution is expected to peak at zero for signal
events.
Figure 2(a) shows the Umiss distribution of the accepted

candidate events forD0 → K̄0π−eþνe in data. To obtain the
signal yield, an unbinned maximum likelihood fit of the
Umiss distribution is performed. In the fit, the signal is
described with a shape derived from the simulated signal
events convolved with a Gaussian function, where the
width of the Gaussian function is determined by the fit. The
background is described by using the shape obtained from
the MC simulation. The yield of DT D0 → K̄0π−eþνe
events is determined to be 3131� 64ðstat:Þ. The back-
grounds from the non-D0 and non-K0

S decays are estimated
by examining the ST candidates in the MBC sideband,
defined in the range ð1.830; 1.855Þ GeV=c2, and the SL
candidates in the K0

S sidebands, defined in the ranges
ð0.450; 0.475Þ GeV=c2 or ð0.525; 0.550Þ GeV=c2 in data,
respectively. The yield of this type of background is
estimated to be 19.4� 5.3. After subtracting these back-
ground events, we evaluate the number of the signal DT
events to be NDT ¼ 3112� 64ðstat:Þ.
The detection efficiency εSL is estimated to be

ð9.53� 0.01Þ%, and the BF of D0 → K̄0π−eþνe is deter-
mined as BðD0 → K̄0π−eþνeÞ ¼ ð1.434� 0.029ðstat:ÞÞ%.
Due to the double tag technique, the BF measurement is
insensitive to the systematic uncertainty in the ST effi-
ciency. The uncertainties due to the pion and electron
tracking efficiencies are estimated to be 0.5% [18] and the
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FIG. 1. The MBC distributions for the three ST modes. The
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projection of the background component of the fit.
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uncertainties due to their PID efficiencies are estimated to
be 0.5% [18], where the tracking and PID uncertainties are
conservatively estimated to account for the possible
differences of the momentum spectra in Ref. [18]. The
uncertainty due to the K̄0 reconstruction is 1.5% [15].
The uncertainty due to the E=p requirement is 0.4% [6].
The uncertainty associated with the Eγmax requirement is
estimated to be 0.4% by analyzing the DT D0D̄0 events
where both D mesons decay to hadronic final states. The
uncertainty due to the modeling of the signal in simulated
events is estimated to be 0.8% by varying the input form
factor parameters by �1σ as determined in this work. The
uncertainty associated with the fit of the Umiss distribution
is estimated to be 0.7% by varying the fitting ranges and the
shapes which parametrize the signal and background. The
uncertainty associated with the fit of the MBC distributions
used to determine NST is 0.5% 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 (0.2%), the background sub-
traction (0.2%), and the input BF of the decay K0

S → πþπ−

(0.1%). The systematic uncertainty contributions are

summed in quadrature, and the total systematic uncertainty
on the BF measurement is 2.2% of the central value.

IV. D0 → K̄0π − e + νe DECAY RATE FORMALISM

The differential decay width of D0 → K̄0π−eþνe can be
expressed in terms of five kinematic variables: the square of
the invariant mass of the K̄0π− system m2

K̄0π−
, the square of

the invariant mass of the eþνe system (q2), the angle
between the K̄0 and theD0 direction in the K̄0π− rest frame
(θK̄0), the angle between the νe and the D0 direction in the
eþνe rest frame (θe), and the acoplanarity angle between
the two decay planes (χ). Neglecting the mass of eþ, the
differential decay width of D0 → K̄0π−eþνe can be
expressed as [19]

d5Γ ¼ G2
FjVcsj2

ð4πÞ6m3
D0

XβIðm2
K̄0π−

; q2; θK̄0 ; θe; χÞ

dm2
K̄0π−

dq2d cos θK̄0d cos θedχ; ð4Þ

where X ¼ pK̄0π−mD0 , β ¼ 2p�=mK̄0π− , and pK̄0π− is the
momentum of the K̄0π− system in the rest D0 system and
p� is the momentum of K̄0 in the K̄0π− rest frame. The
Fermi coupling constant is denoted byGF. The dependence
of the decay density I is given by

I ¼ I1 þ I2 cos 2θe þ I3sin2θe cos 2χ þ I4 sin 2θe cos χ

þ I5 sin θe cos χ þ I6 cos θe þ I7 sin θe sin χ

þ I8 sin 2θe sin χ þ I9sin2θe sin 2χ; ð5Þ

where I1;…;9 depend on m2
K̄0π−

, q2 and θK̄0 [19] and can be
expressed in terms of three form factors, F 1;2;3. The form
factors can be expanded into partial waves including
S-wave (F 10), P-wave (F i1) and D-wave (F i2), to show
their explicit dependences on θK̄0 . Analyses of the decay
Dþ → Kþπ−eþνe by using much higher statistics per-
formed by the BABAR [5] and BESIII [6] collaborations
do not observe a D-wave component and hence it is not
considered in this analysis. Consequently, the form factors
can be written as

F 1¼F 10þF 11cosθK̄0 ; F 2¼
1ffiffiffi
2

p F 21; F 3¼
1ffiffiffi
2

p F 31;

ð6Þ

where F 11, F 21 and F 31 are related to the helicity
basis form factors H0;�ðq2Þ [19,20]. The helicity form
factors can in turn be related to the two axial-vector
form factors, A1ðq2Þ and A2ðq2Þ, as well as the vector
form factor Vðq2Þ. The A1;2ðq2Þ and Vðq2Þ are all taken as
the simple pole form Aiðq2Þ ¼ A1;2ð0Þ=ð1 − q2=M2

AÞ and
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with error bars are data, the red curve/histograms are the fit
results, and the shadowed histograms are the simulated back-
ground.

M. ABLIKIM et al. PHYS. REV. D 99, 011103 (2019)

011103-6



Vðq2Þ ¼ Vð0Þ=ð1 − q2=M2
VÞ, with pole masses MV ¼

MD�
sð1−Þ ¼ 2.1121 GeV=c2 [13] and MA ¼ MD�

sð1þÞ ¼
2.4595 GeV=c2 [13]. The form factor A1ðq2Þ is common
to all three helicity amplitudes. Therefore, it is natural
to define two form factor ratios as rV ¼ Vð0Þ=A1ð0Þ and
r2 ¼ A2ð0Þ=A1ð0Þ at the momentum square q2 ¼ 0.
The amplitude of the P-wave resonance AðmÞ is

expressed as [5,6]

AðmÞ ¼ m0Γ0ðp�=p�
0Þ

m2
0 −m2

K̄0π−
− im0ΓðmK̄0π−Þ

Bðp�Þ
Bðp�

0Þ
; ð7Þ

where BðpÞ ¼ 1ffiffiffiffiffiffiffiffiffiffiffiffi
1þR2p2

p with R ¼ 3.07 GeV−1 [6] and

ΓðmK̄0π−Þ ¼ Γ0ðp
�

p�
0

Þ3 m0

mK̄0π−
½Bðp�Þ
Bðp�

0
Þ�2, where p�

0 is the momen-

tum of K̄0 at the pole mass of the resonance m0, and
α ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

3πBK�=ðp�
0Γ0Þ

p
, BK� ¼ BðK�ð892Þ− → K̄0π−Þ.

The S-wave related F 10 is described by [5,6]

F 10 ¼ pK̄0π−mD0

1

1 − q2

m2
A

ASðmÞ; ð8Þ

where the term ASðmÞ corresponds to the mass-dependent
S-wave amplitude, and the same expression of ASðmÞ ¼
rSPðmÞeiδSðmÞ as in Refs. [5,6] is adopted, in which

PðmÞ ¼ 1þ xrð1ÞS with x¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð m
mK̄0þmπ−

Þ2−1
q

, and δSðmÞ ¼
δ1=2BG with cotðδ1=2BG Þ ¼ 1=ða1=2S;BGp

�Þ þ b1=2S;BGp
�=2.

An unbinned five-dimensional maximum likelihood fit
to the distributions of mK̄0π− , q

2, cos θeþ , cos θK̄0 , and χ for
the D0 → K̄0π−eþνe events within −0.10 < Umiss <
0.15 GeV is performed in a similar manner to Ref. [6].
The projected distributions of the fit onto the fitted
variables are shown in Figs. 2(b–f). In this fit, the
parameters of rV , r2, m0, Γ0, rS and a1=2S;BG are float, while

rð1ÞS and b1=2S;BG are fixed to 0.08 and −0.81 ðGeV=cÞ−1 due
to limited statistics, respectively, based on the analysis
of Dþ → Kþπ−eþνe at BESIII [6]. The fit results are
summarized in Table II. The goodness of fit is estimated

by using the χ2=ndof, where ndof denotes the number
of degrees of freedom. The χ2 is calculated from the
comparison between the measured and expected number
of events in the five-dimensional space of the kinematic
variables mK̄0π− , q2, cos θeþ , cos θK̄0 , and χ which are
initially divided into 2, 2, 3, 3, and 3 bins, respectively. The
bins are set with different sizes, so that they contain
sufficient numbers of signal events for credible χ2 calcu-
lation. Each five-dimensional bin is required to contain at
least ten events; otherwise, it is combined with an adjacent
bin. The χ2 value is calculated as

χ2 ¼
XNbin

i

ðndatai − nfiti Þ2
nfiti

; ð9Þ

where Nbin is the number of bins, ndatai denotes the
measured number of events of the ith bin, and nfiti denotes
the expected number of events of the ith bin. The ndof is
the number of bins minus the number of fit parameters
minus 1. The χ2=ndof obtained is 96.3=98, which shows a
good fit quality. The fit procedure is validated using a large
simulated sample of inclusive events, where the pull
distribution of each fitted parameter is found to be con-
sistent with a normal distribution.
The fit fraction of each component can be determined

by the ratio of the decay intensity of the specific
component and that of the total. The fractions of S-wave
and P-wave (K�ð892Þ−) are found to be fS−wave ¼ ð5.51�
0.97ðstat:ÞÞ% and fK�ð892Þ− ¼ ð94.52� 0.97ðstat:ÞÞ%,
respectively.
The systematic uncertainties of the fitted parameters and

the fractions of S-wave and K�ð892Þ− components are
defined as the difference between the fit results in nominal
conditions and those obtained after changing a variable or a
condition by an amount which corresponds to an estimate
of the uncertainty in the determination of this quantity. The
systematic uncertainties due to the Eγmax and E=p require-
ments are estimated by using alternative requirements of
Eγmax < 0.20 GeV and E=p > 0.75, respectively. The
systematic uncertainty because of the background fraction
(f) is estimated by varying its value by �10% which is the
difference of the background fractions in the selected ST
ΔE regions between data and MC simulation. The sys-
tematic uncertainties arising from the requirements placed
on the charged pion, the electron and the K0

S are estimated
by varying the pion/electron tracking and PID efficiencies,
and K0

S detection efficiency by�0.5%,�0.5% and �1.5%,
respectively. The systematic uncertainty due to neglecting a
possible contribution from the D-wave component is
estimated by incorporating the D-wave component in
Eq. (6). The systematic uncertainties in the fixed param-

eters of rð1ÞS and b1=2S;BG are estimated by varying their
nominal values by �1σ. All of the variations mentioned

TABLE II. The fit results, where the first uncertainties are
statistical and the second are systematic.

Variable Value

MK�ð892Þ− (MeV=c2) 891.7� 0.6� 0.2
ΓK�ð892Þ− (MeV) 48.4� 1.5� 0.5
rS ðGeVÞ−1 −11.21� 1.03� 1.15
a1=2S;BG ðGeV=cÞ−1 1.58� 0.22� 0.18
rV 1.46� 0.07� 0.02
r2 0.67� 0.06� 0.01
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above will result in differences of the fitted parameters
and the extracted fractions of S-wave and K�ð892Þ−
components from that under the nominal conditions.
These differences are assigned as the systematic uncertain-
ties and summarized in Table III, where the total systematic
uncertainty is obtained by adding all contributions in
quadrature.

V. SUMMARY

In summary, using 2.93 fb−1 of data collected at
ffiffiffi
s

p ¼
3.773 GeV by the BESIII detector, the absolute BF of D0→
K̄0π−eþνe is measured to be BðD0 → K̄0π−eþνeÞ ¼
ð1.434� 0.029ðstat:Þ � 0.032ðsyst:ÞÞ%, which is signifi-
cantly more precise than the current world-average
value [13]. The first analysis of the dynamics of D0 →
K̄0π−eþνe decay is performed and the S-wave component is
observed with a fraction fS−wave ¼ ð5.51� 0.97ðstat:Þ�
0.62ðsyst:ÞÞ%, leading to B½D0 → ðK̄0π−ÞS−waveeþνe� ¼
ð7.90� 1.40ðstat:Þ � 0.91ðsyst:ÞÞ × 10−4.
The P-wave component is observed with a fraction of

fK�ð892Þ− ¼ ð94.52� 0.97ðstat:Þ � 0.62ðsyst:ÞÞ% and the
corresponding BF is given as BðD0 → K�−eþνeÞ ¼
ð2.033� 0.046ðstat:Þ � 0.047ðsyst:ÞÞ%. It is consistent
with, and more precise than, the result from the
CLEO collaboration [21]. In addition, the form factor
ratios of the D0 → K�ð892Þ−eþνe decay are determined
to be rV ¼ 1.46� 0.07ðstat:Þ � 0.02ðsyst:Þ and r2 ¼
0.67� 0.06ðstat:Þ � 0.01ðsyst:Þ. They are consistent
with the measurements from the FOCUS collaboration
[22] using the decayD0 → K̄0π−μþνμ within uncertainties,
but with significantly improved precision.
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