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We make predictions for ratios of branching fractions of B® decays into D° and the scalar mesons
£0(500), £4(980), ay(980), plus B? decay into D° and x(800). We also compare the z* 7~ production in the
scalar channel with that observed in the p channel and make predictions for the BY decay into D° and
K*(892), comparing the strength of this channel with that of x(800) production. The work is based on
results of the chiral unitary approach where the scalar resonances are generated from the pseudoscalar-
pseudoscalar interaction. Up to an arbitrary normalization, the mass distributions and rates for decays into
the scalar resonances are predicted with no free parameters. Comparison with experimental data is done

when available.
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I. INTRODUCTION

The weak decay of B mesons has become an unexpected
and most valuable source of information on hadron
structure and in particular a powerful instrument to inves-
tigate the nature of the scalar mesons, which is a permanent
source of debate. The starting point in this line came with
the observation in LHCb [1] that in the B? decay into J/y
and z" 7~ a pronounced peak for the f,(980) was observed,
while no signal was seen for the f,(500) (o). This finding
was corroborated by following experiments by the Belle
[2], CDF [3], and DO [4] collaborations. Soon it was also
observed that in the B decay into J/w and 7z~ [5,6], a
clear signal was seen for f,(500) production while no
signal, or a very small one, was seen for f(980).

The low lying scalar mesons have been the subject of
study within the unitary extension of chiral perturbation
theory, the so-called chiral unitary approach, and a coherent
picture emerges where these states are generated from the
interaction of pseudoscalar mesons provided by the chiral
Lagrangians [7-12]. Some other approaches use different
starting points, like assuming a seed of gg [13,14], or a
tetraquark component [15,16], but as soon as these original
components are allowed to mix with the unavoidable
meson-meson components, the large strength of this
interaction “eats up” the original seed and the meson-
meson cloud becomes the largest component of the states.
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The dynamical picture to generate the scalar mesons from
the pseudoscalar-pseudoscalar interaction has been tested
successfully in a large number of reactions [17] (see a recent
update in Ref. [18]). However, the findings of the B decays
have opened a new line of research on this topic, offering
new and useful information on the structure of these scalar
mesons. Indeed, in Ref. [18] it was shown that the features
and ratios obtained from the experiments on B decays could
be well reproduced by the dynamical generation picture of
the scalars. It was shown there, that although addressing the
full complexity of these and related problems can be rather
complicated and require many free parameters [19-25], the
evaluation of ratios of decay modes for some of these
channels is rather simple and, in particular, allows one to get
an insight on the structure of the scalar resonances. We shall
also mention that our approach is based on the use of the
dominant Cabibbo allowed decay mechanisms at the quark
level. The approach does not contain subdominant ampli-
tudes which are also considered, for instance, in studies of
CP violation [26,27], but this is not our purpose here.

A related but different path is followed in Ref. [28], looking
at the scalars from the point of view of ¢4 or tetraquarks, but
no consideration of the final state interaction of these mesons
is done there, while this is at the heart of the generation of the
scalar mesons in the chiral unitary approach.

The work of Ref. [18] on BY and B° decays in J/y and
#tn~ has followed suit along the same lines and in
Ref. [29] the rates for B and B° decays in J/y and a
vector meson were investigated and successfully repro-
duced, along with predictions for the decays into J/y and
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x(800). Similarly, in Ref. [30] predictions were done for the
ratios of branching fractions of B® and B? decays into J/y
and the scalar mesons fy(1370), fo(1710), or tensor
mesons f,(1270), f5(1525), K;(1430). Related work,
but on weak D decays into K’ and the f,(500),
f0(980), and a((980), has been done in Ref. [31]. One
of the interesting things about these weak decays is that
isospin is not conserved and then one can obtain states of
different isospin, like the f((980) and a((980), from the
same reaction. The prediction for the rates of these two
channels from the same reaction is a new test offered by
these weak decays.

In the present paper we undertake a related problem. We
study the decay of B? into D and f,(500), £,(980), and
ay(980). At the same time we study the decay of BY into D°
and x(800). We also relate the rates of production of vector
mesons and compare p with f,(500) production and K*°
with x(800) production. Experimentally there is informa-
tion on p and f,(500) production in Ref. [32] for the B°
decay into D° and 7+ 7~. There is also information on the
ratio of the rates for B - D°K*K~ and B - D°z"z~
[33]. We investigate all these rates and compare them with
the experimental information.

II. FORMALISM

Following Refs. [18] and [28] we show in Fig. 1 the
dominant diagrams for B® [Fig. 1(a)] and BY [Fig. 1(b)]
decays at the quark level. The mechanism has the b — ¢
transition, needed for the decay, and the u — d vertex that
requires the Cabibbo favored V,; Cabibbo-Kobayashi-
Maskawa (CKM) matrix element (V,; = cos 8,.). Note that
these two processes have the same two weak vertices.
Under the assumption that the d in Fig. 1(a) and the § in
Fig. 1(b) act as spectators in these processes, these
amplitudes are identical.
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FIG. 1. Diagrammatic representations of B® — D%dd decay (a)
and B? — DOd5 decay (b).
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A. B® and B? decay into D’ and a vector

Figure 1(a) contains dd from where the p and @ mesons
can be formed. Figure 1(b) contains d5 from where the K*°
emerges. At the quark level, we have
(uit — dd); (uit +dd); (1)

p%) = ) =

Nia
Nia

IK*0) = ds. (2)

Hence, by taking as reference the amplitude for B —
DYK* as V!, pp, we can write the rest of the amplitudes as

1

ti-m = =5V 3)
o =¢1§v;apD, (4)
g = 0. (5)
1p0_poko = Vppp, (6)

where V/, is a common factor to all B°(B?) — DV,
decays, with V; being a vector meson, and pp the
momentum of the D° meson in the rest frame of the B°
(or BY),

A2 (M, M, MT,)

2M

(7)

Pp =

where 1 is the Killen function with A(x,y,z)=
(x =y —2)* —dyz.

The factor pj, is included to account for a necessary
P-wave vertex to allow the transition from 0~ — 0717
Although parity is not conserved, angular momentum is,
and this requires the angular momentum L = 1. Note that
the angular momentum needed here is different than the
one in the B® — J/yV,, where L =0 [29]. Hence, a
mapping from the situation there to the present case is
not possible.

The decay width is given by

1
Lo poy, = S |IB?—>D°V,|2pD' (8)
BY

( qq(uu + dd + 5s)

FIG. 2. Schematic representation of the hadronization of a ¢4
pair.
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B. B and B? decay into D’ and a pair
of pseudoscalar mesons

where M is the ¢g matrix; then we have the property

In order to produce a pair of mesons, the final quark- u u
antiquark pair dd or d5 in Fig. 1 has to hadronize into two - - -
mesons. The flavor content, which is all we need in our M-M=|d|(a d 5)|d|(a d J)
study, is easily accounted for in the following way [18,34]: s s
we must add a gg pair with the quantum numbers of the u
vacuum, iu + dd + §s, as shown in Fig. 2. . = - - _
The content of the meson-meson components in the = |4 |(a d 35)au+dd+ss)
hadronized g4 pair is easily done in the following way s
[18,34]: = M(iu + dd + 5s). (10)

uii ud us u ) N . )
ad as|=\|dala a s. The next step consists of wntm.g the matrix M in terms/
of mesons and we have, using the standard #-5

si sd 53 s mixing [35,36],

S+ Jen+ el il K*
® = n — 5+ Jsn+ e K° . (1)
K= K° — 5+ /3

Note that this matrix is different than the standard one used in chiral theory [37] and used in Ref. [7], from where we
evaluate the meson-meson amplitudes. The difference between the two matrices is % diag(n;,n1,n1) where 7, is the singlet
of SU(3), which is neglected in the matrix used in chiral theory. The reason is that since the meson-meson interactions are of

the type ($0,® - 6ﬂ<I><I>)2, the singlet contributions are inoperative there.
Hence, we can write

i} , 1 1 2 _
dd(iu + dd + 5s) - (- ®),, =777t + 571'071'0 + 3= \/;71'077 + K°K°, (12)
i . 1
sd(iiu + dd + 55) = (& - D)y = 77K+ — 727#1(0, (13)

where we have neglected the terms including 7’ that has too
large mass to be relevant in our study.
Egs. (12) and (13) give us the weight for pairs of two

The f,(500) and f,(980) will be observed in the B°
decay into D° and z~z* final pairs, the a;(980) in 7y
pairs, and the x(800) in the BY decay into D° and 7~ K"

pseudoscalar mesons. The next step consists of letting these
mesons interact, which they inevitably will do. This is done
in Ref. [18] following the mechanism of Fig. 3.

pairs. Then we have for the corresponding production
amplitudes

_ 11 11
Z(BO - Doﬂ'_ﬂ'+) =Vp <1 + G,,—,ﬁl‘,,—,ﬁ_,,,—,ﬁ +§§Gﬂoﬂolﬂ0”0_m—”+ +§§Gﬂﬂtﬂfl—>ﬂ_ﬂ+ + GKoKotKoKo_,ﬂﬂ+>, (14)

where Vp is a common factor of all these processes, G; is the loop function of two meson propagators, and we have included
the factor % in the intermediate loops involving a pair of identical mesons. The elements of the scattering matrix 7;_,; are
calculated in Refs. [18,31] following the chiral unitary approach in Refs. [7,38]. Note that the use of a common Vp factor in
Eq. (14) is related to the intrinsic SU(3) symmetric structure of the hadronization iu + dd + §s, which implicitly assumes
that we add an SU(3)gq singlet.
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FIG. 3.
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c U

(b) T

Diagrammatic representation of the final state interaction of the two mesons produced in a primary step. (a) Direct meson

meson production, (b) meson-meson production through rescattering.

Similarly, we can also produce K™K~ pairs and we have

_ 11
t(BO - DOK+K_) =Vp (Gn’ P Ay o alan

22G 0 Ot]TOHO_)K+K— 32G7’mtﬂ?’]—>K+K7

2
- \/;Gﬂo,,tﬂo,,_,K+K + GK”IE”K“I?“—»K*K)- (15)

1
In the same way we can write

t(B° - D°z%) =

QIR

Gﬂol’]tﬂoi’]*ﬂ' " + GKo,gotKoko_,ﬂon> s (16)

and taking into account that the amplitude for BY — cii + d5 in Fig. 1(b) is the same as for B® — cit + dd of Fig. 1(a), and

using Eq. (13) to account for hadronization, we obtain

t(B - Dz~ K*) =V, <1 + Gy g omk —

where the amplitudes 7,-g+_, g+ and foxo_, -+ are taken
from Ref. [38].

In the process of meson-meson scattering in the S-wave,
as we shall study here in order to get the scalar resonances,
we have the transition 0~ — 0~0* for B — D°f,,, and now
we need L =0. Once again the roles of the angular
momentum are reversed with respect to the meson pair
production in the B® — J/watz~ decay [29]. Hence, we
can write the differential invariant mass width as

dr 1

pDi)ﬂ 2]
= t
dMinv ‘ (

BO DO — -t 2, 18
(2”)34MQBO - nr )| ( )

where p, is the pion momentum for the ™ or z™ in the rest
frame of the 7=zt system

V2002 52 2
ﬂ' / (va’ m’f’ mﬂ)
2’MIHV

Pr= (19)

where M,,, is the invariant mass of the z 7~ system, and
also write similar formulas for the other decays.

0

Tt is worth noting that 7+z~, & 7°, and 7y are in isospin / = 0,

while 7% is in I = 1.

1
\/EGﬂoKotﬂoKo_,ﬂK+>, (17)

III. NUMERICAL RESULTS

In the first place we look for the rates of B® and BY decay
into D° and a vector. By looking at Eqgs. (3), (4), and (6),
we have

FB”—»DO/)O _ |:pD(p0):|3

po@)] " 20

FEO =D

Copoon _ <M39>21[pp(ﬂ°))r ~1 e

Lo pogo Mp /) 2 pD(K*O 2’

Tgopog = 0. (22)

Experimentally there are no data in the PDG [39] for the
branching ratio Br(B° — D%p) and we find the branching
ratios for B — D% [32], B - D% [40,41], and B? —
DPK*0 [32,42,43] as the following (note the change
BY - BY and D° - D°, BY - BY, K** — K*0):

Br(B® - D°%%) = (32+£05)x 1074, (23)

Br(B® = D'w) = (2.53 +0.16) x 107*,  (24)

Br(BY - D°R*) = (3.5+0.6) x 1074, (25)
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FIG. 4 (color online). Invariant mass distributions for the 77z~
K*K~, 2%, and =K in B° - Dz*z~, D°KTK~-, D%z,
and BY — D%z~ K" decays. The normalization is such that the
integral over the f,(500) signal gives the experimental branching
ratio of Eq. (27).

. Tgo_p00 . . . Tpo_p00 .
The ratio =+~ is fulfilled, while the ratio z=—"*— is
B9-p% BY~p0g*0

barely in agreement with data. The branching ratio of
Eq. (25) requires combining ratios obtained in different
experiments. A direct measure from a single experiment is
available in Ref. [44]:

FB?_,DUK*O

=1484+0344+015+0.12,  (26)

Fgo_)Doﬂo

which is compatible with the factor of 2 that we get from
Eq. (21). However, the result of Eq. (25), based on more
recent measurements from Refs. [42] and [43], improve on
the result of Eq. (26) [45], which means that our prediction
for this ratio is a bit bigger than experiment.

We turn now to the production of the scalar resonances.
By using Egs. (14)—(17), we obtain the mass distributions
for z772~, K*K~, and 7 in B° decays and 7~K in B?
decay. The numerical results are shown in Fig. 4.

The normalization for all the processes is the same. The
scale is obtained demanding that the integrated f((500)
distribution has the normalization of the experimental
branching ratio of Eq. (27). From Fig. 4, in the ztz~
invariant mass distribution for B® — D%z* 7z~ decay, we
observe an appreciable strength for f(500) excitation and
a less strong, but clearly visible excitation for the f((980).
In the 7% invariant mass distribution, the a,(980) is also
excited with a strength bigger than that of the f(980).
Finally, in the z~ Kt invariant mass distribution, the x(800)
is also excited with a strength comparable to that of the
f0(500). We also plot the mass distribution for K™K~
production. It begins at threshold and gets strength from the
two underlying f,(980) and ay(980) resonances; hence we

PHYSICAL REVIEW D 92, 034008 (2015)

can see an accumulated strength close to threshold that
makes the distribution clearly different from phase space.

There is some experimental information to test some of
the predictions of our results. Indeed in Ref. [32] (see
Table II of that paper) one can find the rates of production
for f,(500) [it is called f,(600) there] and f,(980).
Concretely,

Br[B® — D°£,(500)] - Br[f,(500) = nt77]

= (0.68 = 0.08) x 1074, (27)
Br[B° = D°£,(980)] - Br[f,(980) — ntz]
= (0.08 £0.04) x 1074, (28)
where the errors are only statistical. This gives
Br[B° = D°£,(980)] - Br[f,(980) —= nt7~]
Br[BY = D'£,(500)] - Br[f((500) = ztz~] Exp
=0.12 £ 0.06. (29)

From Fig. 4 it is easy to estimate our theoretical results
for this ratio by integrating over the peaks of the f,(500)
and f((980). To separate the f((500) and f(980) con-
tributions, a smooth extrapolation of the curve of Fig. 4 is
made from 900 to 1000 MeV, as done in Ref. [31]. We find

Br[BY = D°£,(980)] - Br[f(980) —» zt 7]
BF[BO - DOfO(SOO)] : Br[fO(SOO) - ”+”_] Theo

=0.08,
(30)

with an estimated error of about 10%. As we can see, the
agreement of the theoretical results with experiment is good
within errors.

We have selected B° decay into D° and z* 7z~ or 2% and
BY into D° and 7z~ K*, which are Cabibbo favored. In this
case one does not find competitive mechanisms corre-
sponding to different topologies of the diagrams [46].
Similarly as done in Ref. [18], one could also consider
BY into DY and z*7z~. In this case we can have this reaction
using the mechanism of Fig. 1(b), replacing the final d
quark with an s quark. Upon hadronization the 5§ pair will
give KK, which upon rescattering can produce z*z~. The
udW transition is replaced by the usW transition and hence
the cos @, into sin6.. The evaluation of this diagram is
straightforward, but there is a competing diagram of the
type of external emission [see Fig. 5 of Ref. [31]] where the
W directly converts into si(K~) and the final quark is a ¢
quark. Upon hadronization of the ¢ pair we can get D° and
K*. In both mechanisms we have KK D" in the final state,
which through rescattering will give D’z z~, and the two
mechanisms interfere. We thus cannot be as predictive as in
the other cases where there is only one dominant mecha-
nism and unknown dynamical factors cancel in ratios.
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However, we can already say that these two mechanisms
are both Cabibbo suppressed, so the ratio of f;(980)
production in this case would be suppressed with respect
to the B® case by (sinf./ cosf.)?> with respect to the B°
case. This is in contrast to the B® and B? decays into J/y
and f,(980), where the second decay was favored with
respect to the first one [1-6,18]. On the other hand, we see
also here that the 7+ 7~ in the B? decay into D° and 7+ 7~
proceeds via rescattering of the primary produced KK pair.
This is similar to the case of BY decay into J/y and 77z~ in
Ref. [18], and thus we can also predict that in the BY —
Dzt~ the £,(980), although Cabibbo suppressed, could
be seen and there would be practically no trace of the
f0(500) excitation.

It is most instructive to show the zTz~ production
combining the S-wave and P-wave production. In order
to do that, we evaluate Vp of Eq. (14) and V', of Eq. (3),
normalized to obtain the branching fractions given in
Egs. (27) and (23), rather than widths. We shall call the
parameters \7P and \7}, suited to this normalization.

We obtain V, = (8.8 £0.5) x 1072 MeV~/2 and Vp =
(6.8 +£0.5) x 1073 MeV~1/2,

To obtain the #7777~ mass distribution for the p, we need
to convert the total rate for vector production into a mass
distribution. This we do by following the steps of Ref. [29],
and then we write

dFEOaDUpO —Dzt 7~
am inv

2m, 1
=——Im|——5 2 .
My, — my + im, U, (M)

mv

:| l—‘go_,Dopo,

(31)

where
P
F/)(]Winv) = F/) <P,0;n>3@’ (32)
/11/2(M-2 m2 mz)
off _ inv' T T (M. — D
e (M~ 2m,). (33
/11/2(m2 m2 mz)
on __ p> T T 34
L T (34)
- poff 3
Tg0_po,0 (Miny) = Tgo_ 0, <D> , (35)
Pp

with p9if the DY momentum for z* z~ invariant mass Mj,,
and pp' for M;,, = m,. In order to get the 7~ KT mass
distribution for B — Dz~ K~, we apply the same pro-
cedure, changing the mass and width of the vector, and 7K
instead of zz in the formula of the width.
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FIG. 5 (color online). Invariant mass distribution for z* 7z~ in
BY - D%z" 7~ decay. The normalization is the same as in Fig. 4.

The formulas are easily generalized for the other decays.

Now we show the results for the z"z~ production in
B° — D7tz in Fig. 5. We see a large contribution from
the £,(500) and a larger contribution from the p° — 7%z~
production. We can see that the f(500) is clearly visible in
the distribution of zz~ invariant mass in the region of
400-600 MeV.

The results of Fig. 5 cannot be directly compared with
the experimental ones of Fig. 5 of Ref. [32] because in the
experiment a cut for events with zz helicity angles with
cos(6),) > 0 has been implemented. We cannot evaluate the
helicity angles because our procedure to get the p signal
does not explicitly use the pions. Nevertheless, and with
this caveat, the shape of the zz mass distribution obtained
here is remarkably similar to the one of that figure.

The Vp and V', obtained by fitting the branching ratios
of f¢(500) and p production can be used to obtain the
strength of K* production versus x(800) production in the
BY — D2~ K* decay. For this we use Egs. (3)—(6) and
recall that the rate for K** — 77K is  of the total K*
production. The results for K** - z=K* and x(800) —
7~ K™ production are shown in Fig. 6, where we see a clear
peak for K** production, with strength bigger than that for
p° in Fig. 5, due in part to the factor-of-2 bigger strength in
Eq. (21) and the smaller K*° width. The x(800) is clearly
visible in the lower part of the spectrum where the K* has
no strength.

Finally, although with more uncertainty, we can also
estimate the ratio

I(B° — DK*K")
I'(B® - Dz ™)

=0.056£0.011 £0.007  (36)

of Ref. [33]. This requires an extrapolation of our results to
higher invariant masses where our results would not be
accurate, but, assuming that most of the strength for both
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FIG. 6 (color online). Invariant mass distribution for z~ K™ in
BY — DYz~ K* decay. The normalization is the same as in Fig. 4.

reactions comes from the region close to the KTK~
threshold and from the p° peak, respectively, we obtain
aratio of the order of 0.03—0.06, which agrees qualitatively
with the ratio of Eq. (36).

IV. CONCLUSIONS

In this paper we have addressed the study of the B decay
into D° and p or £,(500), £,(980), a,(980), and BY decay
into DY and K*(892) or x(800). The model used is simple
to interpret and allows us to get relative strengths of the
different reactions. The Cabibbo favored dominant mecha-
nism at the quark level is identified and then the rates for
production of vector mesons are trivially obtained assum-
ing a g4 nature for the light vector mesons. The relative
rates obtained are in good agreement with experimental
data. This in itself is already a good finding, supporting the
qq structure for the light vector mesons, which has been
advocated from the large N_. behavior of the amplitudes
[47] and from the compositeness sum rule [48,49]. As to
the production of the scalar mesons we could predict the
invariant mass distributions, up to a common global factor,
for the B° decay into D%f,(500)[f,(500) = ztz7],
D°£,(980)[£,(980) — z*z~], Da(980)[ao(980) — "],
and BY decay into D°(800)[x(800) — z~K*]. Hence the
relative weights of the distributions are predicted with no
free parameters under the assumption that these resonances
are generated dynamically from the meson-meson inter-
actions, and constitute interesting predictions for future
experiments, which are most likely to be performed at
LHCb or other facilities.

We would like to abound in this latter comment. The
work done here follows a different pattern than the one
done in many works in related B decays on mesons
[19-24,26,27]. These papers address explicitly the dynam-
ics of the weak decays, and subsequent strong interaction

PHYSICAL REVIEW D 92, 034008 (2015)

involved in the quark matrix elements, which are usually
evaluated under the factorization approximation. What
makes our work different from other related works, such
as Ref. [25] and similar ones, is that we explicitly allow the
formation of all meson-meson coupled channels in the
weak processes and then allow these meson pairs to
interact. The resonances investigated are automatically
produced since in our approach it is precisely the inter-
action that creates these resonances (dynamical genera-
tion). In Ref. [25] and related works, some channels, as KK
in the study of zz production, are automatically incorpo-
rated by means of form factors at the price of introducing
unknown multiplicative factors to be fitted to the data.
These form factors contain the dynamics of the interaction
of the mesons. Then, different factors appear when using
the Kz or zz scalar form factors, but in our approach
we could relate some processes, like the B — Dzx
and BY — DKz, using a unique unknown factor, Vp.
These different approaches are complementary. As
mentioned in the Introduction, our approach, relying on
one dominant mechanism, allows us to obtain many ratios
with no free parameters, but it cannot be used to study
processes like CP violation which require at least two
weak amplitudes, for which approaches like those of
Refs. [26,27] are demanded. Our approach is particularly
suited to study scalar meson production in cases where we
are confident that these states are dynamically generated,
and the success of our predictions gives further strength to
this hypothesis.

On the other hand, with the information obtained for
f0(500) and p production and using the experimental rates
for these processes, we could make predictions for the
strength of K* production in BY decay into D° and K** and
compare it with the x(800) contribution. These are again
interesting predictions for future experiments, relative to
the production of the p° in the B® decay into D° and p.

The large amount of information predicted in decays
which are Cabibbo favored, and the relevance that this
information has on the structure of the scalar mesons,
should be a clear motivation for the implementation of
these experiments in the near future.
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Note added.—Recently, two experimental papers
were submitted to the arXiv [50,51]. In Ref. [50] the
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BY — D z"z~ decay was analyzed and the D f,,(500) and
D' £,(980) modes were observed. It is easy to see that the
ratio of these two branching ratios agree with our results
within errors, and so do the ratios of each of them to p
production. In Ref. [51] the BY — D£,(980) signal, which
we discussed is Cabibbo suppressed, was found to be very
small, and finally an upper limit was provided. On the other
hand, the BY — D £,(500) mode, which we predict should
not be seen, was not observed.

[1] R. Aaij et al. (LHCb Collaboration), First observation
of BY = J/wf,(980) decays, Phys. Lett. B 698, 115
(2011).

[2] J. Li et al. (Belle Collaboration), Observation of B? —
J/wf(980) and Evidence for BY — J/yf,(1370), Phys.
Rev. Lett. 106, 121802 (2011).

[3] T. Aaltonen et al. (CDF Collaboration), Measurement of
branching ratio and BY? lifetime in the decay B? —
J/wf(980) at CDF, Phys. Rev. D 84, 052012 (2011).

[4] V.M. Abazov et al. (DO Collaboration), Measurement
of the relative branching ratio of B0toJ /yf,(980) — BY —
J/w¢, Phys. Rev. D 85, 011103 (2012).

[5] R. Aaij et al. (LHCb Collaboration), Analysis of the
resonant components in B° — BY — J/yata~, Phys.
Rev. D 87, 052001 (2013).

[6] R. Aaij et al. (LHCb Collaboration), Measurement of the
resonant and CP components in B — J/ya" 7z~ decays,
Phys. Rev. D 90, 012003 (2014).

[7]1 J. A. Oller and E. Oset, Chiral symmetry amplitudes in the S
wave isoscalar and isovector channels and the o, f((980),
ay(980) scalar mesons, Nucl. Phys. A620, 438 (1997);
A652, 407(E) (1999).

[8] J.A. Oller, E. Oset, and J.R. Pelaez, Meson meson
interaction in a nonperturbative chiral approach, Phys.
Rev. D 59, 074001 (1999); 60, 099906(E) (1999); 75,
099903(E) (2007).

[9] N. Kaiser, zw S-wave phase shifts and non-perturbative
chiral approach, Eur. Phys. J. A 3, 307 (1998).

[10] M. P. Locher, V. E. Markushin, and H. Q. Zheng, Structure
of f¢(980) from a coupled channel analysis of S-wave zx
scattering, Eur. Phys. J. C 4, 317 (1998).

[11] J. Nieves and E. Ruiz Arriola, Bethe-Salpeter approach for
unitarized chiral perturbation theory, Nucl. Phys. A679, 57
(2000).

[12] J.R. Pelaez and G. Rios, Nature of the f,(600) from Its N,
Dependence at Two Loops in Unitarized Chiral Perturbation
Theory, Phys. Rev. Lett. 97, 242002 (2006).

[13] E. van Beveren, T.A. Rijken, K. Metzger, C.
Dullemond, G. Rupp, and J. E. Ribeiro, A low lying scalar
meson nonet in a unitarized meson model, Z. Phys. C 30,
615 (1986).

[14] N. A. Tornqvist and M. Roos, Resurrection of the Sigma
Meson, Phys. Rev. Lett. 76, 1575 (1996).

[15] A.H. Fariborz, R. Jora, and J. Schechter, Global aspects
of the scalar meson puzzle, Phys. Rev. D 79, 074014
(2009).

[16] A.H. Fariborz, N. W. Park, J. Schechter, and M. Naecem
Shahid, Gauged linear sigma model and pion-pion scatter-
ing, Phys. Rev. D 80, 113001 (2009).

[17] J. A. Oller, E. Oset, and A. Ramos, Chiral unitary approach
to meson-meson and meson-baryon interactions and nuclear
applications, Prog. Part. Nucl. Phys. 45, 157 (2000).

[18] W. H. Liang and E. Oset, BY and B? decays into J /y f,(980)
and J/yf((500) and the nature of the scalar resonances,
Phys. Lett. B 737, 70 (2014).

[19] A.Furman, R. Kaminski, L. Lesniak, and B. Loiseau, Long-
distance effects and final state interactions in B — zzK and
B — KKK decays, Phys. Lett. B 622, 207 (2005).

[20] B. El-Bennich, A. Furman, R. Kaminski, L. Lesniak, and B.
Loiseau, Interference between f(980) and py(770)° reso-
nances in B - z" + 72~ K decays, Phys. Rev. D 74, 114009
(2006).

[21] H.-Y. Cheng, C.-K. Chua, and K.-C. Yang, Charmless
hadronic B decays involving scalar mesons: Implications
to the nature of light scalar mesons, Phys. Rev. D 73,
014017 (2006).

[22] B. El-Bennich, O. Leitner, J.-P. Dedonder, and B. Loiseau,
The scalar meson f((980) in heavy-meson decays, Phys.
Rev. D 79, 076004 (2009).

[23] D. Delepine, J. L. Lucio M., and C. A. Ramirez, Annihila-
tion contribution and B — agz, foK decays, Eur. Phys. J. C
45, 693 (2000).

[24] P. Colangelo, F. De Fazio, and W. Wang, B, — f(980)
form factors and B, decays into f,(980), Phys. Rev. D 81,
074001 (2010).

[25] J.-P. Dedonder, R. Kaminski, L. Lesniak, and B. Loiseau,
Dalitz plot studies of D° — Kgﬂ'+ﬂ.'_ decays in a factoriza-
tion approach, Phys. Rev. D 89, 094018 (2014).

[26] B. El-Bennich, A. Furman, R. Kaminski, L. Lesniak, B.
Loiseau, and B. Moussallam, CP violation and kaon-pion
interactions in B — Kztz~ decays, Phys. Rev. D 79,
094005 (2009); 83, 039903(E) (2011).

[27] J.-P. Dedonder, A. Furman, R. Kaminski, L. Lesniak, and B.
Loiseau, The S-, P- and D-wave zx final state interactions
and CP violation in B* — 7zt zFz* decays, Acta Phys. Pol.
B 42, 2013 (2011).

034008-8


http://dx.doi.org/10.1016/j.physletb.2011.03.006
http://dx.doi.org/10.1016/j.physletb.2011.03.006
http://dx.doi.org/10.1103/PhysRevLett.106.121802
http://dx.doi.org/10.1103/PhysRevLett.106.121802
http://dx.doi.org/10.1103/PhysRevD.84.052012
http://dx.doi.org/10.1103/PhysRevD.85.011103
http://dx.doi.org/10.1103/PhysRevD.87.052001
http://dx.doi.org/10.1103/PhysRevD.87.052001
http://dx.doi.org/10.1103/PhysRevD.90.012003
http://dx.doi.org/10.1016/S0375-9474(97)00160-7
http://dx.doi.org/10.1016/S0375-9474(99)00427-3
http://dx.doi.org/10.1103/PhysRevD.59.074001
http://dx.doi.org/10.1103/PhysRevD.59.074001
http://dx.doi.org/10.1103/PhysRevD.60.099906
http://dx.doi.org/10.1103/PhysRevD.75.099903
http://dx.doi.org/10.1103/PhysRevD.75.099903
http://dx.doi.org/10.1007/s100500050183
http://dx.doi.org/10.1007/s100520050210
http://dx.doi.org/10.1016/S0375-9474(00)00321-3
http://dx.doi.org/10.1016/S0375-9474(00)00321-3
http://dx.doi.org/10.1103/PhysRevLett.97.242002
http://dx.doi.org/10.1007/BF01571811
http://dx.doi.org/10.1007/BF01571811
http://dx.doi.org/10.1103/PhysRevLett.76.1575
http://dx.doi.org/10.1103/PhysRevD.79.074014
http://dx.doi.org/10.1103/PhysRevD.79.074014
http://dx.doi.org/10.1103/PhysRevD.80.113001
http://dx.doi.org/10.1016/S0146-6410(00)00104-6
http://dx.doi.org/10.1016/j.physletb.2014.08.030
http://dx.doi.org/10.1016/j.physletb.2005.07.022
http://dx.doi.org/10.1103/PhysRevD.74.114009
http://dx.doi.org/10.1103/PhysRevD.74.114009
http://dx.doi.org/10.1103/PhysRevD.73.014017
http://dx.doi.org/10.1103/PhysRevD.73.014017
http://dx.doi.org/10.1103/PhysRevD.79.076004
http://dx.doi.org/10.1103/PhysRevD.79.076004
http://dx.doi.org/10.1140/epjc/s2005-02432-5
http://dx.doi.org/10.1140/epjc/s2005-02432-5
http://dx.doi.org/10.1103/PhysRevD.81.074001
http://dx.doi.org/10.1103/PhysRevD.81.074001
http://dx.doi.org/10.1103/PhysRevD.89.094018
http://dx.doi.org/10.1103/PhysRevD.79.094005
http://dx.doi.org/10.1103/PhysRevD.79.094005
http://dx.doi.org/10.1103/PhysRevD.83.039903
http://dx.doi.org/10.5506/APhysPolB.42.2013
http://dx.doi.org/10.5506/APhysPolB.42.2013

BY DECAY INTO D° AND £,(500), ...

[28] S. Stone and L. Zhang, Use of B — J/wf, Decays to
Discern the g4 or Tetraquark Nature of Scalar Mesons,
Phys. Rev. Lett. 111, 062001 (2013).

[29] M. Bayar, W. H. Liang, and E. Oset, B® and BY decays into
J/w plus a scalar or vector meson, Phys. Rev. D 90, 114004
(2014).

[30] J.J. Xie and E. Oset, B® and BY decays into J/y and
Ff0(1370), fo(1710), £,(1270), f,(1525), K5(1430), Phys.
Rev. D 90, 094006 (2014).

[31] J.J. Xie, L.R. Dai, and E. Oset, The low lying scalar
resonances in the D° decays into K9 and f,(500), £,(980),
ay(980), Phys. Lett. B 742, 363 (2015).

[32] A. Kuzmin et al. (Belle Collaboration), Study of B —
Dz* 7~ decays, Phys. Rev. D 76, 012006 (2007).

[33] R. Aaij et al. (LHCb Collaboration), Observation of B® —
DK+ K~ and Evidence of B — DK+ K, Phys. Rev. Lett.
109, 131801 (2012).

[34] A. Martinez Torres, L. S. Geng, L.R. Dai, B. X. Sun, E.
Oset, and B.S. Zou, Study of the J/y — ¢(w)f»(1270),
J/w — ¢(w)f5(1525) and J/y — K*°(892)K5°(1430) de-
cays, Phys. Lett. B 680, 310 (2009).

[35] A. Bramon, A. Grau, and G. Pancheri, Intermediate vector
meson contributions to VO — PP% decays, Phys. Lett. B
283, 416 (1992).

[36] L. Roca, J. E. Palomar, and E. Oset, Decay of axial vector
mesons into VP and Py, Phys. Rev. D 70, 094006 (2004).

[37] J. Gasser and H. Leutwyler, Chiral perturbation theory:
Expansions in the mass of the strange quark, Nucl. Phys.
B250, 465 (1985).

[38] F. K. Guo, R. G. Ping, P.N. Shen, H. C. Chiang, and B. S.
Zou, S wave Kr scattering and effects of x in
Iy — K*°(892)K*7z~, Nucl. Phys. A773, 78 (2006).

[39] K. A. Olive et al. (Particle Data Group Collaboration),
Review of particle physics, Chin. Phys. C 38, 090001
(2014).

PHYSICAL REVIEW D 92, 034008 (2015)

[40] J.P. Lees et al. (BABAR Collaboration), Branching
fraction measurements of the color-suppressed decays
B — D®0z0 D)0y DH0g and D*)O and measurement
of the polarization in the decay B — D*°w, Phys. Rev. D
84, 112007 (2011); 87, 039901(E) (2013).

[41] S. Blyth et al. (BELLE Collaboration), Improved measure-
ments of color-suppressed decays B — D°z%, D%, D°w,
D% 70, Do*iy and D%, Phys. Rev. D 74, 092002 (2006).

[42] R. Aaij et al. (LHCb Collaboration), Dalitz plot analysis of
BY — D°K~z* decays, Phys. Rev. D 90, 072003 (2014).

[43] R. Aaij et al. (LHCb Collaboration), Measurement of the
branching fractions of the decays B? — D°K—z* and
B° — D°K*z~, Phys. Rev. D 87, 112009 (2013).

[44] R. Aaij et al. (LHCD Collaboration), First observation of the
decay BY — D°K*" and a measurement of the ratio of

30, DO g+0
s Phys. Lett. B 706, 32

branching fractions
(2011).

[45] T. Gershon and LHCb Collaboration, (private communica-
tion).

[46] Ling-Lei Chau, Quark mixing in weak interactions, Phys.
Rep. 95, 1 (1983).

[47] J.R. Pelaez, On the Nature of Light Scalar Mesons from
Their Large N.Behavior, Phys. Rev. Lett. 92, 102001
(2004).

[48] F. Aceti and E. Oset, Wave functions of composite hadron
states and relationship to couplings of scattering amplitudes
for general partial waves, Phys. Rev. D 86, 014012 (2012).

[49] C.W. Xiao, F. Aceti, and M. Bayar, The small Kz
component in the K* wave functions, Eur. Phys. J. A 49,
22 (2013).

[50] R. Aaij et al. (LHCb Collaboration), Dalitz plot analysis of
BY — D%zF 7~ decays, arXiv:1505.01710.

[51] R. Aaij et al. (LHCb Collaboration), Search for the decay
BY — D°f£(980), arXiv:1505.01654.

034008-9


http://dx.doi.org/10.1103/PhysRevLett.111.062001
http://dx.doi.org/10.1103/PhysRevD.90.114004
http://dx.doi.org/10.1103/PhysRevD.90.114004
http://dx.doi.org/10.1103/PhysRevD.90.094006
http://dx.doi.org/10.1103/PhysRevD.90.094006
http://dx.doi.org/10.1016/j.physletb.2015.02.006
http://dx.doi.org/10.1103/PhysRevD.76.012006
http://dx.doi.org/10.1103/PhysRevLett.109.131801
http://dx.doi.org/10.1103/PhysRevLett.109.131801
http://dx.doi.org/10.1016/j.physletb.2009.09.003
http://dx.doi.org/10.1016/0370-2693(92)90041-2
http://dx.doi.org/10.1016/0370-2693(92)90041-2
http://dx.doi.org/10.1103/PhysRevD.70.094006
http://dx.doi.org/10.1016/0550-3213(85)90492-4
http://dx.doi.org/10.1016/0550-3213(85)90492-4
http://dx.doi.org/10.1016/j.nuclphysa.2006.04.008
http://dx.doi.org/10.1088/1674-1137/38/9/090001
http://dx.doi.org/10.1088/1674-1137/38/9/090001
http://dx.doi.org/10.1103/PhysRevD.84.112007
http://dx.doi.org/10.1103/PhysRevD.84.112007
http://dx.doi.org/10.1103/PhysRevD.87.039901
http://dx.doi.org/10.1103/PhysRevD.74.092002
http://dx.doi.org/10.1103/PhysRevD.90.072003
http://dx.doi.org/10.1103/PhysRevD.87.112009
http://dx.doi.org/10.1016/j.physletb.2011.10.073
http://dx.doi.org/10.1016/j.physletb.2011.10.073
http://dx.doi.org/10.1016/0370-1573(83)90043-1
http://dx.doi.org/10.1016/0370-1573(83)90043-1
http://dx.doi.org/10.1103/PhysRevLett.92.102001
http://dx.doi.org/10.1103/PhysRevLett.92.102001
http://dx.doi.org/10.1103/PhysRevD.86.014012
http://dx.doi.org/10.1140/epja/i2013-13022-y
http://dx.doi.org/10.1140/epja/i2013-13022-y
http://arXiv.org/abs/1505.01710
http://arXiv.org/abs/1505.01654

