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Using 7.33 fb−1 of eþe− collision data collected by the BESIII detector at c.m. energies between
4.128 GeV and 4.226 GeV, we observe for the first time the decay D�

s → ωπ�η with a statistical
significance of 7.6σ. The measured branching fraction of this decay is ð0.54� 0.12� 0.04Þ%, where the
first uncertainty is statistical and the second is systematic.

DOI: 10.1103/PhysRevD.107.052010

I. INTRODUCTION

Hints of deviations from the Standard Model have been
seen in the measurements of the decays of bottom and
charm hadrons. In particular, the ratio RðD�Þ≡ BðB →
D�τþντÞ=BðB → D�μþνμÞ ¼ 0.295� 0.010� 0.010 pro-
vided by the Heavy Flavor Averaging Group [1] differs
from the Standard Model prediction 0.258� 0.005 by
2.5 standard deviations, showing a possible violation of
the lepton flavor universality (LFU). The B is defined as
the branching fraction (BF). The current data taking at
B-factories and LHCb will increase the data sample, hence
reducing the statistical uncertainty, while an improvement
of the systematic uncertainty is also necessary. The RðD�Þ
measurement in the LHCb experiment [2,3] suffers from
limited knowledge of the Dþ

s → πþπþπ−X decay, where X
stands for all possible particle combinations, since the
decay of B0 → D�−Dþ

s ; Dþ
s → πþπþπ−X is the main

background for the analysis of B0 → D�−τþντ; τþ →
πþπþπ−X. Measurements of the BFs of hadronic Dþ

s
decays including at least three charged pions in the
final states offer key inputs to improve the precision of
RðD�Þ. This work focuses on the previously unobserved
mode Dþ

s → ωπþη, where we require the decay
ω → πþπ−π0.
In addition, hadronic D�

s decays probe the interplay
of short-distance weak decay matrix elements and long-
distance QCD effects in charm meson decays. But infor-
mation is still limited for the Dþ

s case, where a large
part of the hadronic BF is still unmeasured [4]. The
Cabibbo-favored hadronic Dþ

s decays mediated via a
c → sWþ;Wþ → ud̄ transition and producing states with
hidden strangeness have relatively large BFs. According to
Particle Data Group (PDG) [5], the missing hadronic
decays of Dþ

s with ω (η) in the final state contribute a
fraction of ð1.5� 1.6Þ%ðð3.0� 3.1Þ%Þ. Among them,
the Dþ

s → ωπþη decay is predicted to have a relatively
large decay rate [6]. The CLEO Collaboration [7]

claimed evidence for this mode with BðDþ
s → ωπþηÞ ¼

ð0.85� 0.54stat � 0.06systÞ%, based on 4.9� 2.9 signal
events using 0.586 fb−1 of eþe− collision data taken at
the c.m. energy

ffiffiffi
s

p ¼ 4.17 GeV. In this paper, we pre-
sent the first observation and the BF measurement of
Dþ

s → ωπþη decay using 7.33 fb−1 of eþe− collision
data collected with the BESIII detector between

ffiffiffi
s

p ¼
4.128 GeV and 4.226 GeV. Charge conjugate states are
implied throughout this paper.

II. DETECTOR AND DATA SETS

The BESIII detector [8] records symmetric eþe− colli-
sions provided by the BEPCII storage ring [9], in c.m.
energies range from 2.0 GeV to 4.95 GeV, with a peak
luminosity of 1 × 1033 cm−2 s−1 achieved at c.m. of
3.77 GeV. 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 supercon-
ducting solenoidal magnet providing a 1.0 T magnetic
field [10]. The solenoid is supported by an octagonal flux-
return yoke with resistive plate counter muon identification
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 fromBhabha 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 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 [11]. About
84% of the data in this analysis benefits from the upgrade.
The data samples are organized into four groups,ffiffiffi
s

p ¼ 4.128, 4.157, and 4.178 GeV, four energies from
4.189 to 4.219 GeV, and 4.226 GeV, acquired during the
same year under consistent running conditions. The inte-
grated luminosities at each energy are given in Table I.
Since the cross section of eþe− → D��

s D∓
s production in

eþe− annihilation is about twenty times larger than the
eþe− → Dþ

s D−
s one [12], the signal events discussed in this

paper are selected from the process eþe− → D��
s D∓

s .
Inclusive Monte Carlo (MC) samples, 40 times larger

than the data sets, are produced between
ffiffiffi
s

p ¼ 4.128 and
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4.226 GeV with a GEANT4-based [15] toolkit, which
includes the geometric description of the BESIII detector
and the detector response. These samples are used to
determine the detection efficiencies and to estimate back-
grounds. The samples include the production of open
charm processes, the initial-state radiation production of
vector charmonium(like) states and the continuum proc-
esses incorporated in KKMC [16,17]. All particle decays are
modeled with EvtGen [18,19] using BFs either reported by
the PDG [5], when available, or otherwise estimated with
LUNDCHARM [20,21]. Final state radiation from charged
final state particles is incorporated using PHOTOS [22].
The signal detection efficiencies and signal shapes are
obtained with the signal MC samples. The signal decay
Dþ

s → ωπþη is generated with a phase-space distribution.
The MC samples of the decays Dþ

s → ωa0ð980Þþ and
Dþ

s → ηb1ð1235Þþ, used to estimate the systematic uncer-
tainty of MC models, are generated with the SVS model,
which describes the decay of a scalar meson to vector plus
scalar mesons [18,19].

III. METHODOLOGY

The data samples were collected just above the D��
s D∓

s

threshold, such that the D��
s D∓

s system is produced
exclusively, without any additional hadrons. The tag

method [23] was used, which allows to select clean signal
samples, providing the opportunity to measure the absolute
BFs of the hadronic Dþ

s meson decays. In the tag method,
a single-tag (ST) candidate requires only one of the D�

s
mesons to be reconstructed via a hadronic decay. In a
double-tag (DT) candidate, both theDþ

s andD−
s mesons are

reconstructed, with the Dþ
s meson decaying to the signal

mode Dþ
s → ωπþη and the D−

s meson decaying to one of
the tag modes. The decays D−

s → K0
SK

−, D−
s → KþK−π−,

and D−
s → KþK−π−π0 are chosen as tag modes, based on

the optimization of the figure of merit for DT yields,
defined as S=

ffiffiffiffiffiffiffiffiffiffiffiffi
Sþ B

p
. Here, S and B denote the signal and

background yields estimated by the inclusive MC samples,
respectively.
To measure the BF, we start from the following equa-

tions. The ST yield for each tag mode is given by

NST ¼ 2NDþ
s D−

s
Btagϵ

ST
tag; ð1Þ

and the DT yield is given by

NDT ¼ 2NDþ
s D−

s
BtagBsigϵ

DT
tag;sig; ð2Þ

where NDþ
s D−

s
is the total number ofD��

s D∓
s pairs produced

in the eþe− collisions, Btag and Bsig are the BFs of the tag
and signal modes, respectively, ϵSTtag is the ST efficiency to
reconstruct the tag mode, and ϵDTtag;sig is the DT efficiency to
reconstruct both the tag and signal decay modes. The total
DTyield for all the tag modes α and all the sample groups i
is written as

NDT
total ¼ Σα;iNDT

α;sig;i ¼ BsigΣα;i2Ni
Dþ

s D−
s
Bαϵ

DT
α;sig;i: ð3Þ

Solving for Bsig,

BðDþ
s → ωπþηÞ ¼ NDT

total

Bsub
P

α;iN
ST
α;iϵ

DT
α;sig;i=ϵ

ST
α;i

; ð4Þ

where the BF Bsub ¼ Bπ0→γγBη→γγBω→πþπ−π0 is introduced
to take into account that the signal is reconstructed

TABLE I. The integrated luminosities (Lint) and the require-
ments onMrec for various c.m. energies. The definition ofMrec is
given in Eq. (5). The first and second uncertainties are statistical
and systematic, respectively.
ffiffiffi
s

p
(GeV) [13] Lint (pb−1) [14] Mrec (GeV=c2)

4.128 401.5 [2.060, 2.150]
4.157 408.7 [2.054, 2.170]
4.178 3189.0� 0.2� 31.9 [2.050, 2.180]
4.189 570.0� 0.1� 2.2 [2.048, 2.190]
4.199 526.0� 0.1� 2.1 [2.046, 2.200]
4.209 572.1� 0.1� 1.8 [2.044, 2.210]
4.219 569.2� 0.1� 1.8 [2.042, 2.220]
4.226 1100.9� 0.1� 7.0 [2.040, 2.220]
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FIG. 1. Fits to the Mtag distributions of the ST candidates for (a) D−
s → K0

SK
−, (b) D−

s → KþK−π−, and (c) D−
s → KþK−π−π0 from

the data sample at
ffiffiffi
s

p ¼ 4.178 GeV. The points with error bars are data, the blue solid curves are the total fits, the black dashed curves
are the fitted backgrounds, and in (a) the green dashed curve refers to the background from D− → K0

Sπ
−. The pairs of red arrows denote

the signal regions.
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through these decays. The ST yields NST
α;i and ST

efficiencies ϵSTα;i are obtained from the data and inclusive
MC samples, respectively. For the inclusive MC samples
we use the same ST selection criteria and fitting strategy
as those used in data analysis, to extract the number of
observed ST events by fitting the Mtag distributions, as
shown in Fig. 1. The efficiencies are computed as the
ratio of the number of observed ST (DT) events and the
number of generated ST (DT) events in the inclusive MC
samples.

IV. EVENT SELECTION

The D�
s candidates are constructed from individual π�,

K�, K0
S, π0, η, and ω candidates, with the following

selection criteria.
Charged tracks detected in the MDC are required to be

within a polar angle (θ) range of j cos θj < 0.93, where θ is
defined with respect to the z-axis, which is the symmetry
axis of the MDC. For charged tracks not originating from
K0

S decays, the distance of closest approach to the inter-
action point (IP) must be less than 10 cm along the z-axis,
and less than 1 cm in the transverse plane. Particle
identification (PID) for charged tracks combines the mea-
surements of the dE=dx in the MDC and the flight time in
the TOF to form likelihoods LðhÞðh ¼ K; πÞ for each
hadron h hypothesis. Charged kaons and pions are iden-
tified by comparing the likelihoods for the two hypotheses,
LðKÞ > LðπÞ and LðπÞ > LðKÞ, respectively.
The K0

S candidates are selected by looping over all pairs
of tracks with opposite charge, whose distances to the IP
along the beam direction are less than 20 cm. These two
tracks are assumed to be pions without PID criteria applied.
These tracks are required to originate from a common
vertex and have a πþπ− invariant mass (Mπþπ−) in the range
½0.487; 0.511� GeV=c2, corresponding to about three times
the resolution of the detector.

Photon candidates are identified using showers in the
EMC. The deposited energy of each shower must be greater
than 25 MeV in the barrel region (j cos θj < 0.80) and more
than 50MeV in the end cap region (0.86 < j cos θj < 0.92).
To exclude showers originating from charged tracks,
the angle subtended at the IP by the EMC shower and
the position of the closest charged track extrapolated to the
EMC must be greater than 10 degrees. The difference
between the EMC time and the event start time is required
to be within [0, 700] ns to suppress electronic noise and
showers unrelated to the event.
The π0 and η candidates are reconstructed from

photon pairs with invariant masses in the ranges ½0.115;
0.150� GeV=c2 and ½0.500; 0.570� GeV=c2, respectively.
To improve their invariant mass resolutions, we require that
at least one photon comes from the barrel region of the
EMC. Furthermore, the π0 candidates are constrained to the
known π0 mass [5] via a kinematic fit to improve their
energy and momentum resolution.
In order to remove soft pions from D�þ decays, both

charged and neutral pion candidates are subjected to an
additional momentum cut, pðπÞ > 100 MeV=c.
Three tag modes are used to reconstruct the ST D−

s
candidate, and the selections on the invariant mass ðMtagÞ
for each tag mode are listed in Table II. The tag mode
D−

s → K−Kþπ− is mainly from ϕπ− or K̄�0ð892ÞK−.
Therefore, we require that MK−Kþ < 1.05 GeV=c2 or
jMKþπ− − 0.892j < 0.070 GeV=c2, where MK−Kþ and
MKþπ− are the invariant masses of K−Kþ and Kþπ−,
respectively. The tag mode D−

s → K−Kþπ−π0 is mainly
from ϕρ−. Therefore, we require MK−Kþ < 1.05 GeV=c2

and jMπ−π0 − 0.775j < 0.150 GeV=c2, where MK−Kþ and
Mπ−π0 are the invariant masses of K−Kþ and π−π0. To
further suppress backgrounds from non-D��

s D∓
s processes,

a selection on the variable Mrec is applied, defined as

Mrec ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðpcm − pD−

s
Þ2

q
; ð5Þ

where pcm is the four-momentum of the eþe− c.m. system,
pD−

s
is the four-momentum of theD−

s candidate in the eþe−

c.m. frame. The mass windows ofMrec forD−
s candidates at

various c.m. energies are listed in Table I.
For multiple ST candidates, the candidate with Mrec

closest to the known mass ofD�þ
s [5] is chosen as the signal

TABLE II. Requirements on Mtag for various tag modes.

Tag mode Mass window (GeV=c2)

D−
s → K0

SK
− [1.948, 1.991]

D−
s → KþK−π− [1.950, 1.986]

D−
s → KþK−π−π0 [1.947, 1.982]

TABLE III. The ST yields (NST) and ST efficiencies (ϵST) for the data samples collected at
ffiffiffi
s

p ¼ ðIÞ 4.128 and 4.157 GeV,
(II) 4.178 GeV, (III) 4.189–4.219 GeV, and (IV) 4.226 GeV. The uncertainties are statistical.

Data sample (I) (II) (III) (IV)

Tag mode NST ϵST (%) NST ϵST (%) NST ϵST (%) NST ϵST (%)

D−
s → K0

SK
− 6728� 144 47.66� 0.17 31957� 314 47.40� 0.08 19960� 270 47.20� 0.09 6836� 163 47.92� 0.18

D−
s → KþK−π− 23443� 202 33.67� 0.05 114890� 447 32.88� 0.02 72827� 369 32.69� 0.03 24862� 227 33.03� 0.05

D−
s → KþK−π−π0 2414� 102 3.43� 0.02 13304� 269 3.59� 0.01 8586� 227 3.70� 0.02 3172� 146 3.84� 0.03
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candidate. Only 0.16% (0.17%) of events in data (simulated
samples) contain multiple Dþ

s candidates, and the multi-
plicity distribution of the ST candidates shows consistency
between data and simulated samples. Table III lists the
yields and efficiencies for various tag modes, in which the
yields at (I) and (III) are fitted with combined data sets. We
use the same ST selection criteria and fitting strategy as
those used in data analysis to analyse the inclusive MC
samples, and extract the number of observed ST events
from fitting the Mtag distribution. The ST efficiency is
computed as the ratio of the number of observed ST events
and the number of generated ST events in the inclusive MC
samples. As an example, the fits to the accepted ST
candidates from the data sample at

ffiffiffi
s

p ¼ 4.178 GeV are
shown in Fig. 1. In the fits, the signal is modeled by an
MC-simulated shape convolved with a Gaussian function
taking into account the data-MC resolution difference. The
background is described by a second-order Chebyshev
polynomial. For the tag mode D−

s → K0
SK

−, the peaking
background from D− → K0

Sπ
− is included in the fit, with a

shape taken from the inclusive MC samples and its yield
floating.

Once a tag mode is identified, we search for the signal
decay Dþ

s → ωπþη among the recoiling particles, with the
ω and η candidates reconstructed in the πþπ−π0 and γγ final
states, respectively. The πþπ−π0 combination with mini-
mum jMπþπ−π0 −mωj is used to reconstruct the ω candi-
dates, where mω is the known mass of the ω taken from the
PDG [5]. The invariant mass distribution of πþπ−π0 for
data is shown in Fig. 2, in which a clear omega peak is
observed. There is no obvious background from Dþ

s →
ηπþπ−πþπ0 in the ω sideband regions ([0.71,0.75] and
½0.814; 0.854� GeV=c2). Therefore we require the πþπ−π0
invariant mass to be in the omega signal range
½0.762; 0.802� GeV=c2 for further analysis. In the case of
multiple candidates, the DT candidate with the average
mass, ðMsig þMtagÞ=2, closest to the known Dþ

s mass is
retained. The Msig is defined as the invariant mass of the
accepted signal Dþ

s candidates.
To suppress the background from the decay Dþ

s →
πþπ0η0 with η0 → πþπ−η, we reject candidates with the
πþπ−η invariant mass less than 1 GeV=c2. A kinematic fit
is performed under the hypothesis eþe− → D��

s D∓
s →

γDþ
s D−

s , with D−
s decaying to one of the tag modes

and Dþ
s decaying to the signal mode. The combination

with the minimum χ2 assuming a D�þ
s meson decays to

Dþ
s γ or aD�−

s meson decays toD−
s γ is chosen to reconstruct

the transition photon of D��
s → γD�

s . To suppress the
non-D�þ

s D−
s background, we require the missing

energy ðEmissing ¼ Ecm − Etag − Esig − EγÞ to be less than
0.08 GeV, where Etag, Esig, and Eγ are the energies of D−

s ,
Dþ

s , and transition photon of D��
s → γD�

s in the eþe− c.m.
frame, respectively.

V. BRANCHING FRACTION MEASUREMENT

The distributions of the signal Dþ
s candidate invariant

mass (Msig), the γγ invariant mass (Mγγ), and their two-
dimensional scatter plot are shown in Figs. 3(a)–3(c),
respectively. It is possible to distinguish three kinds of
background events. The events which contain η in final
states are called BηX; they are peaking in Mγγ but flat in
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FIG. 2. Invariant mass distribution for selected ω → πþπ−π0

candidates at
ffiffiffi
s

p ¼ 4.128–4.226 GeV. The points with error bars
are data. The red vertical dashed lines indicate the ω signal
region, and the pairs of black dashed lines (left and right of the
signal peak) indicate the ω sideband regions.
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p ¼ 4.128–4.226 GeV. The points with error bars are data, the
solid blue curves are the total fit; other curves show the isolated signal and the individual background contributions from the three
labeled sources.
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Msig. The events from Dþ
s → π0π0πþπþπ−, similar to the

signal with an incorrectly reconstructed η, are called B3π2π0 ;
they are peaking in Msig and flat in Mγγ. The remaining
background events are called Bother.
The signal yield is extracted from a two-dimensional

(2D) unbinned maximum-likelihood fit to the distributions
of Msig and Mγγ at all energy points. The signal shape is
described by an MC-simulated 2D probability density
function (PDF) convolved with a Gaussian function, whose
parameters are derived from the corresponding Msig and
Mγγ fits, to consider resolution the difference between data
and MC simulation. The shapes for various background
components are modeled from the inclusive MC samples,
where the model for B3π2π0 is obtained from the amplitude
analyses of the decays Dþ

s → π0πþηðη → π0πþπ−) [24]
and Dþ

s → π0π0πþπþπ−. The yield of B3π2π0 is fixed to
152.9 according to the measured BFs, while the yields of
BηX and Bother are floating parameters in the fit.

From the 2D fit, we obtain 78� 16 Dþ
s → ωπþη

signal events with a statistical significance of 7.6σ.
Along with the DT, the corresponding efficiencies are
determined and listed in Table IV. We use the same DT
selection criteria as those used in data analysis to analyse
the inclusive MC samples, and extract the number of
obtained DT events from counting the signal events. The
DT efficiency is computed as the ratio of the number of
obtained DT events and the number of generated DT
events in the inclusive MC samples, the yields at

ffiffiffi
s

p ¼
4.128 GeV and 4.157 GeV, and

ffiffiffi
s

p ¼ 4.189–4.219 GeV
are obtained with combined data sets. The statistical
significance is evaluated using

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
−2 lnðL0=LmaxÞ

p
, where

Lmax is the maximum likelihood of the nominal fit and
L0 is the likelihood of the fit excluding the signal
PDF. With Eq. (4), the BF is measured to be
BðDþ

s → ωπþηÞ ¼ ð0.54� 0.12Þ%, where the uncer-
tainty is statistical.

TABLE IV. DT efficiencies (ϵDT) for the data samples taken at (I)
ffiffiffi
s

p ¼ 4.128 and 4.157 GeV,
(II)

ffiffiffi
s

p ¼ 4.178 GeV, (III)
ffiffiffi
s

p ¼ 4.189–4.219 GeV, and (IV)
ffiffiffi
s

p ¼ 4.226 GeV. The BFs of the subparticle
(K0

S; π
0) decays are not included.

Tag mode (I) ϵDT (%) (II) ϵDT (%) (III) ϵDT (%) (IV) ϵDT (%)

D−
s → K0

SK
− 6.02� 0.53 5.96� 0.23 5.67� 0.28 5.98� 0.49

D−
s → KþK−π− 4.25� 0.20 4.13� 0.08 4.06� 0.11 3.83� 0.17

D−
s → KþK−π−π0 0.38� 0.06 0.45� 0.03 0.43� 0.03 0.45� 0.06

)2c (GeV/+��M
0.8 1 1.2 1.4

2 c
E

ve
nt

s/
30

.0
 M

eV
/

0

5

10

15

20 total fit

X �B

�2�3B

otherB

(a)

)2c (GeV/+��M
1 1.1 1.2 1.3 1.4

2 c
E

ve
nt

s/
30

.0
 M

eV
/

0

10

20

total fit

X �B

�2�3B

otherB

(b)

)2c (GeV/��M
1.31 1.32 1.33 1.34 1.35

2 c
E

ve
nt

s/
2.

0 
M

eV
/

0

5

10

15

20
total fit

X �B

�2�3B

otherB

(c)

)4c/2 (GeV+��
2M

0.4 0.6 0.8 1 1.2 1.4 1.6

)4 c/2
 (

G
eV

+ �
�2

M

1

1.2

1.4

1.6

1.8

2
(d)

FIG. 4. Mass projections onto (a) Mηπþ , (b) Mωπþ , (c) Mωη, and the distribution of (d) M2
ωπþ versus M2

ηπþ from the combined data
sample at

ffiffiffi
s

p ¼ 4.128–4.226 GeV. In (a–c), the points with error bars are data and the solid blue curves are the total fit projections;
other curves show the individual background contributions from the three labeled sources.
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The resulting projections on Mηπþ , Mωπþ , and Mωη,
as well as the distribution of M2

ωπþ versus M2
ηπþ for

the data in the signal region (Msig ∈ ð1.94; 1.99Þ and
Mγγ ∈ ð0.49; 0.57Þ GeV=c2), are shown in Fig. 4. Due
to the limited data sample size, no subresonances such as
aþ0 ð980Þ or b1ð1235Þþ can be identified.

VI. SYSTEMATIC UNCERTAINTY

The different systematic uncertainties in the BF meas-
urement are discussed below; most systematic uncertainties
related to the efficiency for reconstructing the tag side
cancel due to the DT technique.

(i) ST yield: The total ST yield of the three tag modes is
328979� 2880, resulting in statistical uncertaintyffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð28802 − 328979Þ

p
=328979 ¼ 0.3%. Here, we

only consider the statistical fluctuation related to
the background of the tag side which is not corre-
lated with the DT sample directly; hence, 0.3% is
assigned as a systematic uncertainty.

(ii) π� tracking and PID efficiencies: The systematic
uncertainties in the tracking and PID efficiencies per
charged pion are assigned to be 1.0% and 1.0%,
respectively, estimated by the control sample
eþe− → K−Kþπ−πþ [25].

(iii) 2D fit: To estimate the systematic uncertainty related
with the signal shape, we observe the change in
BF when varying the mean and resolution of the
convolving Gaussian function by their correspond-
ing uncertainties. We take the variation of the BF,
1.7%, as the systematic uncertainty. The systematic
uncertainty due to the MC-simulated background
shape is studied by varying the relative fractions of
the backgrounds from qq̄ and non-D�þ

s D−
s open

charm by �30% [26], the statistical uncertainty of
their cross sections. The largest change of the BF,
0.8%, is taken as the systematic uncertainty. The
yield of Dþ

s → π0π0πþπþπ− is varied by its un-
certainty and the change of the BF of 1.0% is
assigned as the systematic uncertainty. The system-
atic uncertainty due to the signal and background on
smooth number is estimated by varying parameter
that describing the smoothness of the shape from 1.5
to 2 or 1. The change of the BF, 1.3%, is assigned as
the systematic uncertainty. The total systematic
uncertainty in the 2D fit is obtained to be 2.5%,
by adding systematic uncertainties from all above
sources in quadrature.

(iv) MC statistics: An uncertainty of 2.3% due to the

limited MC statistics is obtained by
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

iðfi δϵiϵi
q

Þ2,
where fi is the tag yield fraction, and ϵi and δϵi are
the signal efficiency and the corresponding uncer-
tainty of tag mode i, respectively.

(v) π0 and η reconstruction efficiencies: The systematic
uncertainty of the π0 reconstruction efficiency is
estimated to be 2.0% with a control sample of
eþe− → K−Kþπ−πþπ0. The systematic uncertainty
of the η reconstruction efficiency is taken to be 2.0%,
based on the π0 uncertainty. The total systematic
uncertainty of 4.0% due to π0 and η reconstructions
is obtained by adding them linearly.

(vi) Quoted BFs: The uncertainties on the quoted BFs of
π0 → γγ, η → γγ and ω → πþπ−π0 are 0.03% (neg-
ligible), 0.5% and 0.8%, respectively [5].

(vii) ω mass window: The systematic uncertainty due to
the ω mass window is studied by using a control
sample of the decay D0 → K−πþω. The difference
in the efficiencies of the ω mass window between
data and MC simulation, 1.2%, is taken as the
corresponding systematic uncertainty.

(viii) MC model: To estimate the systematic uncertainty
related with theMCmodel, we separately addDþ

s →
ωa0ð980Þþ or Dþ

s → ηb1ð1235Þþ signal MC events
to inclusive MC samples to improve data-MC
consistency (based on agreement of mass projec-
tions). The larger change of the signal efficiency,
1.0%, is taken as the related systematic uncertainty.

All of the systematic uncertainties are summarized in
Table V. Adding them in quadrature gives a total systematic
uncertainty in the BF measurement of 7.0%.

VII. SUMMARY

In summary, using 7.33 fb−1 of eþe− collision data
collected with the BESIII detector between

ffiffiffi
s

p ¼ 4.128
and 4.226 GeV, we have reported the first observation
of Dþ

s → ωπþη with a statistical significance of 7.6σ.
The absolute BF of this decay is measured to be
BðDþ

s → ωπþηÞ ¼ ð0.54� 0.12� 0.04Þ%, where the first
uncertainty is statistical and the second is systematic. The
BF measured in this work is consistent with that of

TABLE V. Relative systematic uncertainties of the BF
measurement.

Source Uncertainty (%)

ST yield 0.3
Tracking 3.0
PID 3.0
2D fit 2.5
MC statistics 2.3
π0 and η reconstruction 4.0
Bðη → γγÞ 0.5
Bðω → πþπ−π0Þ 0.8
ω mass 1.2
MC model 1.0
Total 7.0
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the CLEO Collaboration [7], but the precision is improved
by a factor of 2.7.
Our result offers an important input for estimating the

Dþ
s → πþπþπ−X background contribution in tests of the

LFU with semileptonic B decays. Larger statistics
data to be taken in the future [27] will help to search for
potential intermediate processes Dþ

s → ωa0ð980Þþ and
Dþ

s → ηb1ð1235Þþ.
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