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We present the first amplitude analysis and branching fraction measurement of the decay

Dþ
s → πþπþπ−π0π0, using eþe− collision data collected with the BESIII detector at center-of-

mass energies between 4.128 and 4.226 GeV corresponding to an integrated luminosity of 7.33 fb−1,

and report the first observation of the pure W-annihilation decay Dþ
s → ωρþ with a branching fraction of

ð0.99� 0.08stat
þ0.05
−0.07 systÞ%. In comparison to the low significance of the D wave in the decay Dþ

s → ϕρþ,

the dominance of the D wave over the S and P waves, with a fraction of ð51.85� 7.28stat
þ4.83
−7.90 systÞ%

observed in the decay Dþ
s → ωρþ, provides crucial information for the “polarization puzzle,” as well

as for the understanding of charm meson decays. The branching fraction of Dþ
s → πþπþπ−π0π0 is

measured to be ð4.41� 0.15stat � 0.13systÞ%. Moreover, the branching fraction of Dþ
s → ϕρþ is measured

to be ð3.98� 0.33stat
þ0.21
−0.19 systÞ%, and the Rϕ ¼ Bðϕ → πþπ−π0Þ=Bðϕ → KþK−Þ is determined to be

(0.222� 0.019stat
þ0.016
−0.016 syst), which is consistent with the previous measurement based on charm meson

decays, but deviates from the results from eþe− annihilation and K − N scattering experiments by

more than 3σ.
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The polarization information of heavy-flavor mesons

decaying into two vector particles (V) has attracted the

attention of physicists for decades because of its unique

advantage in the probe of new physics and novel phenom-

ena in hadron structures [1,2]. The discrepancy between the

measurement of the B → ϕK� decay and the theoretical

predictions, known as a “polarization puzzle,” has triggered

much interest in the study of B → VV decays. Various

theoretical models have provided successful explanations

of the phenomenon [3–7], while the situation is more

debated in charmmeson weak decays due to the mass of the

charm quark, which is neither heavy enough to apply heavy

quark symmetry nor light enough for the application of

chiral perturbation theory [8].

In the charm sector, it is generally predicted that the

transverse polarization dominates over the longitudinal one

in DðsÞ → VV decays, as indicated by the naive factoriza-

tion model [9] and the Lorentz-invariant-based symmetry

model [10]. This prediction is qualitatively supported

by certain experimental observations, such as D0
→ K̄�0ρ0

[11], but still shows quantitative discrepancies in many

measurements, for example, the inability to account for the

complete transverse polarization in D0
→ ωϕ [12,13]. A

systematic approach to the polarization in D0
→ VV is

proposed considering the long-distance mechanism due to

the final-state interaction [14]. This approach offers a

quantitatively more consistent explanation for certain polar-

izations observed in D0
→ VV, while cases of longitudinal

polarization dominance, such as in D0
→ ρ0ρ0 [15], still

pose a puzzle. In a more detailed examination, physicists

usually discuss polarizations in terms of partial-wave

amplitudes with S, P, D waves corresponding to angular

momentum L ¼ 0, 1, 2, respectively [16]. All models or

approaches conclude that the S wave dominates over P and

D waves. However, measurements of DðsÞ → VV decays

show that D0
→ K�−ρþ; K̄�0ρ0; ρþρ−; ρ0ρ0 are dominated

by theDwave, andDþ
s → K�0ρþ; K�þρ0 are dominated by

the P wave [11,15,17,18].

Polarization measurements have been comprehensively

performed in D0 and Dþ decays, but relevant measure-

ments in Dþ
s decays are relatively rare. Among these,

Dþ
s → ωρþ stands out as one of the most important

Dþ
s → VV decays to study. As a pure W-annihilation

(WA) process, as shown in Fig. 1(a), Dþ
s → ωρþ offers

the best comparison with the pure external W-emission

process Dþ
s → ϕρþ, which is known to be dominated by S

wave. This comparison will offer an ideal approach

to investigate the mechanism behind the polarization

puzzle [19].
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Furthermore, the theoretical calculation of the WA

amplitude is subject to high uncertainty due to the inaccu-

rate estimation of the nonfactorizable effects and the final-

state interaction, leading to ambiguity in the predictions of

the branching fractions (BFs) and CP asymmetries of the

related decays. As a result, theoretical calculations, such as

the diagrammatic approach [8,20,21], heavily depend on

the experimental determinations of the WA amplitude

as essential inputs. The small BFs of Dþ
s → ρ0πþ and

Dþ
s → ωπþ [22] indicate that the WA diagram is one order

of magnitude smaller compared to the W-emission dia-

grams inD → VP decays, while the significantly large BFs

ofDþ
s → a0ð980Þ

þð0Þπ0ðþÞ [23–27] andDþ
s → a0ð980Þ

þρ0

[28] imply a sizeable contribution from the WA process

in D → SP and D → SV, where P and S denote pseudo-

scalar and scalar mesons, respectively. To date, no

direct measurement of the WA process is available in

D → VV decays. The CLEO collaboration has mea-

sured the branching fraction of Dþ
s → ωπþπ0 to be

ð2.78� 0.65stat � 0.25systÞ%, and reported a relative frac-

tion of (0.52� 0.30) for Dþ
s → ωρþ relative to the decay

Dþ
s → ωπþπ0 [29].

In addition, the significant deviation observed in the

recent BF measurements ofDþ
s → ϕπþ via the ϕ → KþK−

[30] and ϕ → πþπ−π0 [31] decays indicates that the

previous studies of ϕ decays may suffer from complexities

and interferences of backgrounds in eþe− annihilation and

K − N scattering experiments [22,32–35]. For the Dþ
s →

ϕρþ decay, shown in Fig. 1(b), CLEO [36] and BESIII [37]

have measured the BF via the channel ϕ → KþK−. The

precise measurement of the decay Dþ
s → ϕð→ πþπ−π0Þρþ

together with the corresponding ϕ → KþK− process can

serve as an independent check of the BFs of the ϕ decays.

In this Letter, we perform the first amplitude analysis and

BF measurement ofDþ
s → πþπþπ−π0π0 using the data sets

collected with the BESIII detector corresponding to a total

integrated luminosity of 7.33 fb−1 [38], and report the first

observation of the pure WA decay Dþ
s → ωρþ and the

anomalous D-wave dominance that deviates from the

expectation of the naive factorization model [21].

Charge-conjugate states and exchange symmetry of two

identical πþs and π0s are implied throughout this Letter.

A description of the design and performance of the

BESIII detector can be found in Ref. [39]. Monte Carlo

(MC) events are simulated with a Geant4-based [40] detector

simulation software, which includes the geometric descrip-

tion [41] and the response of the detector. Inclusive MC

samples with an equivalent luminosity of 40 times that of

the data are produced. They include open charm processes,

initial state radiation [42] production of vector charmonium

(like) states and the continuum processes incorporated in

KKMC. The open charm processes are generated using

CONEXC [43]. Final-state radiation is considered using

PHOTOS [44]. In the MC generation, the known particle

decays are generated with the BFs taken from the Particle

Data Group (PDG) [22] by EvtGen [45,46], and the other

modes of charmonium decays are generated using

LUNDCHARM [47,48].

In the data samples, theD�
s mesons are produced mainly

from eþe− → D��
s D∓

s → γD�
s D

∓
s processes. Therefore,

the double-tag (DT) method [49,50] is employed to

perform the analysis, in which a single-tag (ST) candidate

is reconstructed using three hadronic decays:D−

s → K0

SK
−,

D−

s → KþK−π−, and D−

s → KþK−π−π0, while the DT

candidate is formed by selecting a Dþ
s → πþπþπ−π0π0

decay in the side of the event recoiling against the D−

s

meson. The selection criteria for the final-state particles,

including K0

S, K
�, π�, π0, transition photon, and the D−

s

candidates, are the same as those in Ref. [51].

For optimal resolution and to ensure that all events are

within the phase space boundary, a six-constraint (6C)

kinematic fit is performed. This includes the constraints of

four-momentum conservation in the eþe− center-of-mass

system, as well as the constraint of the invariant mass of the

tag D−

s to the known D−

s mass, and either the Dþ
s or D−

s

candidate along with the selected transition photon to the

known D�þ
s mass, mD�

s
[22]. In cases where multiple

candidates exist in an event, the one with the minimum

χ2 value of the 6C kinematic fit is selected. A further

kinematic fit including a seventh constraint on the mass of

the signal Dþ
s is performed, and the updated four momenta

are used for the amplitude analysis.

To exclude the background from the Dþ
s → πþπ0η;

η → πþπ−π0 decay, the events where the invariant mass

of a πþπ−π0 combination falls into the η mass range

½0.49; 0.58� GeV=c2, which is about 5 times resolution, are

rejected. To suppress background events from the K0

S →

π0π0 decay, the invariant mass of the π0π0 combinations

must be outside the 5 times resolution of K0

S corresponding

to the mass range ½0.487; 0.511� GeV=c2, while to suppress
the K0

S → πþπ− decays a secondary vertex fit [52] is

performed on the πþπ− pairs, and if the ratio between

the measured flight distance from the interaction point [52]

and its uncertainty is larger than 2, the candidates are

rejected. Another source of background comes from differ-

ent open-charm processes, such as when theD0
→ K−πþπ0

and the D̄0
→ Kþπþπ−π− decays are present but the first

is misidentified as D−

s → KþK−π− and the second as

(a) (b)

FIG. 1. Topological diagrams of (a) Dþ
s → ωρþ and

(b) Dþ
s → ϕρþ. Diagram (a) also can be accessed with the

replacement of uū by dd̄.
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Dþ
s → πþπþπ−π0π0, in the case that the πþ and the π0

from the D0 are wrongly exchanged with the Kþ and

the π0 of the D̄0 and an additional π0 is selected. This

background is excluded by rejecting the events which

simultaneously satisfy jMK−πþπ0 −MD0 j < 30 MeV=c2

and jMKþπþπ−π− −MD̄0 j < 30 MeV=c2, where MD0=D̄0 is

the known D0=D̄0 mass [22]. The analogous background

from DD̄ decays, e.g., when D0
→ K−πþπ0 and D̄0

→

Kþπþπ−π−π0 or D0
→ K−πþπ0 and D̄0

→ K0

Sπ
þπ−, is

excluded with the same method. To suppress the back-

ground from the Dþ
s → ρþη0, η0 → πþπ−γ decay, we

perform two kinematic fits with different decay hypotheses,

assuming that the signal side Dþ
s decays to the signal mode

or to the ρþη0; η0 → πþπ−γ mode; the events with the χ2

of the background hypothesis less than the χ2 for the

signal one are rejected. Moreover, we require that the

recoil mass Mrec lies in the 5 times resolution region

½1.95; 2.00� GeV=c2, defined as

Mrec ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

�

Ecm −

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

jp⃗Dþ
s γ
j2c2 þm2

D�
s
c4

q

�

2

=c4 − jp⃗Dþ
s
j2=c2

s

;

ð1Þ

where Ecm is the center-of-mass energy and p⃗Dþ
s γ

is the sum

of the momentum of the signal Dþ
s and the transition

photon. We also require the energy of the transition photon

in the laboratory frame to be less than 0.2 GeV. Finally, we

retain a sample of 1888 Dþ
s → πþπþπ−π0π0 events with a

purity of ð79.3� 1.3Þ% in the region ½1.93; 1.99� GeV=c2

of the Dþ
s invariant mass, determined by fitting the latter

distribution of signal Dþ
s candidates, as shown in Fig. 2. In

the fit, the signal shape is the convolution of the MC signal

shape and a Gaussian function, while the background shape

is described with the shape obtained from the inclusive MC

samples.

An unbinned maximum-likelihood method is adopted in

the amplitude analysis. The probability density function is

the sum of the signal amplitude and the background func-

tion with the corresponding fraction as the coefficient. The

signal amplitude is parametrized with the isobar formu-

lation in the covariant tensor formalism [53]. The total

signal amplitude M is a coherent sum of intermediate

processes M ¼
P

ρne
iϕnAn, where ρne

iϕn is the coeffi-

cient of the nth amplitude with magnitude ρn and phase ϕn.

The nth amplitude An is given by the product of the Blatt-

Weisskopf barrier factor of the Dþ
s meson F

Ds
n and the

intermediate state Fi
n [54], spin factor Sin [53] and the

propagator for the resonance Pi
n, An ¼ F

Ds
n

Q

3

i¼1
Fi
nS

i
nP

i
n,

where i indicates the ith intermediate process. The relativ-

istic Breit-Wigner (RBW) function [55] is used to describe

the propagator for the resonances ω, ϕ, a1ð1260Þ, and

b1ð1235Þ. The resonances ρ and ρð1450Þ are parametrized

by the Gounaris-Sakurai line shape [56]. For a1ð1260Þ, it is
considered as a quasi-three-body decay and the width is

determined by integrating the amplitude squared over phase

space [57]. The masses and widths of the remaining

intermediate resonances used in the fit are taken from

Ref. [22]. The background shape is estimated with inclu-

sive MC samples using the XGBoost package [58,59].

Comparisons of events inside and outside the Dþ
s mass

signal region for both data and MC samples indicate that

the background has been well estimated.

The initial amplitude model is constructed with the inter-

mediate processes which are clearly evident in the invariant

mass projections, including ωρþ and ϕρþ. In the fit, the

values of the magnitude and the phase for the dominant

process Dþ
s → ωρþ are fixed to be one and zero, respec-

tively, and the other amplitudes are measured relative to this

amplitude. Furthermore, the coefficients of the subdecays

of the ϕ, ω, and a1ð1260Þ are related by Clebsch-Gordan

coefficients due to the isospin symmetry. All the possible

combinations with different intermediate processes are

tested, and the model including the processes with stat-

istical significance larger than 5σ is kept, where the

statistical significance of each amplitude is calculated based

on the change of the log likelihood with and without this

amplitude after taking the change of the degrees of freedom

into account. Finally, the model with 14 amplitudes is

retained. The nonresonant component is not included

because its significance is less than 5σ, and including it

does not improve the fit. The resolutions of narrow

resonances have been considered using the same method

as in Ref. [30]. Alternative fits, leaving floating the widths

of the narrow resonances, show that the obtained widths are

consistent with the fixed values, indicating that the reso-

lutions have been well assessed. The invariant mass

projections are shown in Fig. 3, while the phases, the fit

fractions (FFs), and the statistical significances are listed in

Table I. The FF of the nth amplitude is calculated by

1.9 1.95 2 2.05

)2c00-++M

50

100

150

)
2
c

Data
Total fit
Signal
Background

FIG. 2. Fit to the invariant mass distribution of the Dþ
s

candidates. The data are represented by points with error bars,

the total fit by the blue curve, the signal, and the background

components of the fit by the red dotted and the black dashed

curves, respectively.
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FFn ¼

Z

jρne
iϕnAnj

2dΦ5=

Z

jMj2dΦ5; ð2Þ

where dΦ5 is the standard element of the five-body phase

space. The interference fit fractions between the amplitudes

can be found in Supplemental Material [60].

The systematic uncertainties for the amplitude analysis

from various sources are assigned as the difference between

the results from alternative fits and the nominal ones. The

systematic uncertainty related to intermediate resonances is

estimated by varying the uncertainties of the mass and

width [22], and the uncertainty related to ρ and ρð1450Þ is
estimated by using the RBW function as a line shape. The

barrier radii for the Dþ
s meson and the other intermediate

states are varied by �1ð GeV=cÞ−1. The uncertainty asso-

ciated with the detector acceptance difference between

the MC samples and data is determined by reweighting

the MC events with a likelihood function according to the

detector acceptance difference estimated using eþe− →

KþK−πþπ−ðπ0Þ events, as in Ref. [30]. The uncertainty

related to purity differences is estimated by varying the

purity within its statistical uncertainty, while for the back-

ground shape uncertainty we vary the proportion of the

MC background components by �30%. The intermediate

resonances with statistical significances less than 5σ are

included in the fit one by one and the largest difference with

respect to the baseline fit is taken as systematic uncertainty.

In addition, 100 signal MC samples are generated with the

same size of data based on the amplitude model obtained in

this work, and the input/output check has been done. All

the fitted pull values that deviate from zero are assigned

as the corresponding systematic uncertainties. The total

uncertainties are determined by adding all the contribu-

tions in quadrature. The detailed results can be found in

Supplemental Material [60].

The BF of the Dþ
s → πþπþπ−π0π0 decay is measured

with a precise estimation of the detection efficiency based

on the signal MC sample generated according to the ampli-

tude analysis model. The BF is determined using the same

tag modes and event selection criteria as in the amplitude

analysis. In the measurement of the BF, a fit to the invariant

mass of D�
s is performed in order to obtain the ST yields

(Y tag) and DTyields (Ysig), together with the ST efficiencies

(ϵtag) and DT efficiencies (ϵtag;sig) estimated with the

corresponding signal MC samples. The BF is given by

BðDþ
s → πþπþπ−π0π0Þ ¼ ðYsig=

P

iY
i
tagϵ

i
tag;sig=ϵ

i
tagÞ, where

the index i denotes the ith tag mode. The ST fit results are

the same as in Ref. [51]. The DT fit is the same as shown in

Fig. 2. We obtain a DT yield of 1985� 68; thus, the BF is

measured to be ð4.41� 0.15stat � 0.13systÞ% by dividing

by the π0 → γγ BF [22]. It must be noted that the obtained

BF does not include the contribution from the Dþ
s →

πþπ0η; η → πþπ−π0 decay.

For the BF measurement, the systematic uncertainty of

the ST yields is estimated as in Ref. [51]. The uncertainty

related to the background shape in the fit of the signal Dþ
s

distribution is assigned by repeating the fit by changing

the size of the MC background components by �30%. The

π� particle identification and tracking efficiencies and

the π0 reconstruction efficiency are studied with eþe− →

KþK−πþπ−ðπ0Þ events, and the corresponding uncertain-

ties are assigned. The systematic uncertainty from the

amplitude analysis model is studied by varying the param-

eters in the amplitude analysis fit according to the covari-

ance matrix. The uncertainty related to the requirements on

Mrec and on the energy of the transition photon is assigned

as the difference between the data and MC efficiencies in

the control sample Dþ
s → K0

SK
−πþπþ. The detailed results

can be found in Supplemental Material [60].

In summary, we present the first amplitude analysis

and BF measurement of the decay Dþ
s → πþπþπ−π0π0.

Using the obtained FFs in Table I and the measured

BðDþ
s → πþπþπ−π0π0Þ, the absolute BF of the intermedi-

ate states can be calculated by Bi ¼ FFi × BðDþ
s →

πþπþπ−π0π0Þ, as listed in Table I, by dividing by the

BFs of the subdecays of the intermediate resonances [22].

The pure WA decay Dþ
s → ωρþ is observed for the first

time with the absolute BF to be ð0.99� 0.08stat
þ0.05
−0.07 systÞ%

and a significance larger than 10σ. The measured BF

provides the first direct experimental determination on a

WA process in D → VV decays. The BF of this decay is of

the same order of magnitude as Dþ
s → a0ð980Þ

þð0Þπ0ðþÞ

and far larger than other WA processes. In comparison to
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FIG. 3. The projections of the fit on (a) Mπ0π0 , (b) Mπþπ0 ,

(c)Mπþπ− , (d)Mπ0π− , (e)Mπþπ0π− , (f)Mπ0π0π− , (g)Mπþπþπ0π− , and

(h) Mπþπ0π0π− . The plots containing identical πþ or π0 are added

into one projection. The data are represented by points with

uncertainties and the fit results by the red curves. The blue curves

indicate the background contribution estimated with inclusive

MC samples. The numbers in brackets represent the χ2=Nbin,

where Nbin is the number of bins for each projection.
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the dominance of the S wave and the low significance of

the D wave in the pure external W-emission decay Dþ
s →

ϕρþ, the observed fraction ð51.85� 7.28stat
þ4.83
−7.90 systÞ% for

the D wave in Dþ
s → ωρþ deviates from the expectation of

the naive factorization model [21]. The information on the

partial-wave amplitudes of this pure WA process can offer

important insights for unraveling the “polarization puzzle.”

In addition, the BF of Dþ
s → ωπþπ0 is calculated to be

ð2.31� 0.13stat
þ0.10
−0.11 systÞ% considering the interference

between amplitudes, which is consistent with the CLEO

measurement [29] within 1σ.

Furthermore, the absolute BF of Dþ
s → ϕρþ is measured

to be ð3.98� 0.33stat
þ0.21
−0.19 systÞ% by dividing by the BF

of ϕ → πþπ−π0 [22]. The obtained BF deviates from the

value measured in Dþ
s → ϕð→ KþK−Þρþ [37] by 3.1σ

and from the theoretical prediction [61] by 4.4σ. Only

S and P waves are observed in the nominal model.

Taking the results from Ref. [37] and this Letter, Rϕ ¼

Bðϕ → πþπ−π0Þ=Bðϕ → KþK−Þ is determined to be

ð0.222� 0.019stat
þ0.016
−0.016 systÞ, which is consistent with the

value extracted from Dþ
s → πþπþπ−π0 [31] within 1σ,

indicating the inconsistency between the Rϕ measured in

charmed hadron decays and the current PDG value. The

rich structure shown in the decay Dþ
s → πþπþπ−π0π0,

along with the measured fractions of partial-wave ampli-

tudes of Dþ
s → ωρþ and Dþ

s → ϕρþ, provide key infor-

mation for the investigation of charm meson decays and of

the decays involving the ϕ meson.
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TABLE I. Phases, FFs, BFs, and statistical significances for the amplitudes. Groups of related amplitudes are separated by horizontal

lines. The last row of each group gives the total fit fraction of the above components including interference. The first and the second

uncertainties in phases, FFs, and BFs are statistical and systematic, respectively. The letters in bracket represent the relative orbital

angular momentum between resonances. The decay chains for ω and ϕ are ω=ϕ → πþπ−π0 (including ρπ). The BFs have been divided

by the branching fractions of the decays of the final intermediate states.

Amplitude Phase ϕ (rad) FF (%) BF (%) Significance

Dþ
s ½S� → ωρþ 0.0 (fixed) 6.12� 1.34 þ0.44

−0.52
0.30� 0.07 þ0.02

−0.03
> 10σ

Dþ
s ½P� → ωρþ 2.92� 0.13 þ0.05

−0.07
5.05� 0.86 þ0.83

−0.79
0.25� 0.04 þ0.04

−0.04
6.1σ

Dþ
s ½D� → ωρþ 4.91� 0.09 þ0.04

−0.09
10.36� 1.26 þ0.70

−1.45
0.52� 0.07 þ0.04

−0.07
> 10σ

Dþ
s → ωρþ � � � 19.98� 1.40 þ0.92

−1.20
0.99� 0.08 þ0.05

−0.07
� � �

Dþ
s ½S� → ϕρþ 0.72� 0.11 þ0.06

−0.09
11.62� 0.94 þ0.46

−0.39
3.32� 0.29 þ0.19

−0.17
> 10σ

Dþ
s ½P� → ϕρþ 1.34� 0.15 þ0.07

−0.30
2.22� 0.42 þ0.15

−0.15
0.63� 0.12 þ0.05

−0.06
> 10σ

Dþ
s → ϕρþ � � � 13.86� 1.03 þ0.47

−0.35
3.98� 0.33 þ0.21

−0.19
� � �

Dþ
s → ρð1450Þþπ0, ρð1450Þþ → ωπþ 1.55� 0.11 þ0.06

−0.08
7.84� 0.83 þ0.49

−0.58
0.39� 0.04 þ0.03

−0.03
6.3σ

Dþ
s ½S� → a1ð1260Þ

0ρþ, a1ð1260Þ
0½S� → ρþπ− 4.61� 0.10 þ0.14

−0.15
5.19� 0.50 þ0.22

−0.21
0.23� 0.02 þ0.01

−0.01
> 10σ

Dþ
s ½P� → a1ð1260Þ

0ρþ, a1ð1260Þ
0½S� → ρþπ− 0.06� 0.10 þ0.14

−0.15
6.25� 0.52 þ0.23

−0.25
0.50� 0.04 þ0.02

−0.02
> 10σ

Dþ
s → a1ð1260Þ

0ρþ, a1ð1260Þ
0
→ ρþπ− � � � 11.43� 0.67 þ0.35

−0.35
0.50� 0.04 þ0.02

−0.02
� � �

Dþ
s ½S� → a1ð1260Þ

0ρþ, a1ð1260Þ
0½S� → ρ−πþ 4.61� 0.10 þ0.14

−0.15
3.64� 0.35 þ0.17

−0.17
0.16� 0.02 þ0.01

−0.01
> 10σ

Dþ
s ½P� → a1ð1260Þ

0ρþ, a1ð1260Þ
0½S� → ρ−πþ 0.06� 0.10 þ0.14

−0.15
3.76� 0.31 þ0.20

−0.20
0.17� 0.01 þ0.01

−0.01
> 10σ

Dþ
s → a1ð1260Þ

0ρþ, a1ð1260Þ
0
→ ρ−πþ � � � 7.39� 0.44 þ0.26

−0.26
0.33� 0.02 þ0.02

−0.02
� � �

Dþ
s ½S� → a1ð1260Þ

þρ0, a1ð1260Þ
þ½S� → ρþπ0 1.85� 0.11 þ0.18

−0.19
9.43� 1.14 þ1.13

−1.13
0.41� 0.05 þ0.05

−0.05
9.2σ

Dþ
s ½P� → a1ð1260Þ

þρ0, a1ð1260Þ
þ½S� → ρþπ0 3.52� 0.12 þ0.20

−0.21
7.10� 0.88 þ0.51

−0.51
0.31� 0.04 þ0.02

−0.02
> 10σ

Dþ
s → a1ð1260Þ

þρ0, a1ð1260Þ
þ
→ ρþπ0 � � � 16.53� 1.37 þ1.52

−1.52
0.73� 0.07 þ0.07

−0.07
� � �

Dþ
s → b1ð1235Þ

þπ0, b1ð1235Þ
þ½S� → ωπþ 4.27� 0.10 þ0.05

−0.06
10.79� 0.98 þ0.68

−0.68
0.53� 0.05 þ0.03

−0.03
9.7σ

Dþ
s → b1ð1235Þ

0πþ, b1ð1235Þ
0½S� → ωπ0 1.22� 0.09 þ0.04

−0.06
14.60� 1.20 þ0.52

−0.49
0.72� 0.06 þ0.05

−0.05
> 10σ
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