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We make predictions for the ratios of branching fractions of B® and BY decays into J/y and the scalar
mesons f(1370), fo(1710) or tensor mesons f5(1270), f4(1525), K3(1430). The theoretical approach is
based on results of chiral unitary theory where these resonances are shown to be generated from the vector
meson—vector meson interaction. Eight independent ratios can be predicted, and comparison is made with
the recent data on BY decay into J/wf%(1525) versus the B? decay into J/w f5(1270).
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I. INTRODUCTION

While there is growing support for the low-lying scalar
mesons f(500), f¢(980), ay(980), k(800) to be generated
dynamically from the interaction of pseudoscalar mesons,
forming some kind of composite meson-meson states
[1-6], the case of the next set of scalar resonances at
higher energies, f((1370), f(1710), K(1430) is more a
question of debate. So is the case of the tensor resonances
£2(1270), £5(1525), K5(1430). Concerning the latter ones
there is some support for these resonances to be plain ¢g
states belonging to a nonet of SU(3) [7,8]. The case of the
scalar resonances is more varied—the f,(1370) is also
sometimes assumed to be a ¢g state, although in Refs. [7,8]
itis also suggested that it could correspond to a pp molecule
based on phenomenological properties (the decay widths
into pp and nn). However, in Ref. [9], based on a study of
decay properties within the chiral linear sigma model, the
f0(1370) is suggested to be a ¢g state while the f;(1500)
would correspond to the glueball. In Ref. [10] a study is
conducted on the effects in some decay widths of assuming
quarkonium, tetraquark, and gluonium components in the
context of a nonlinear chiral Lagrangian for the f((500),
f0(1370), and f(1500). There are even doubts about the
existence of the f((1370), but a strong case in favor is made
in Ref. [11]. In Ref. [12] the f,(500), f((980), and
fo(1370) are assumed to be admixtures of two- and
four-quark components, with the f((500) being domi-
nantly a nonstrange four-quark state, and the f(980)
and f,(1370) having a dominant two-quark component.
Similarly, f(1500) and f;(1710) have considerable two-
and four-quark admixtures, but in addition they have a large
glueball component. In Ref. [13] solutions in which the
fo(1710) would be a glueball, while the f,(1370) and
f0(1500) are predominantly ¢g states, are found likely. On
the other hand in Ref. [14] the f,(1710) is advocated as a
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glueball, while the f,(1500) is also assumed to have a large
glueball component, while the f(1370) would correspond
to a simple ¢gg state. This is just a sample of recent
discussions on these issues; further information and dis-
cussions can be found in Refs. [7,8,15].

On the other hand, a new perspective on these states has
been offered by the work of Ref. [16], where the f,(1370)
and f,(1270) resonances were shown to be generated from
the pp interaction provided by the local hidden gauge
Lagrangians [17-19] implementing unitarization. The work
was extended to SU(3) in Ref. [20] and 11 resonances were
dynamically generated, some of which were identified
with the fy(1370), fo(1710), f,(1270), f4(1525) and
K’%(1430). The idea has been tested successfully in a
large number of reactions. In Ref. [21] the two-photon
decay of the f((1370) and f,(1270) were studied and
good rates were obtained compared with experiment. This
latter work was extended in Ref. [22] to the study of the two
photons and one photon—one vector decays of the
fo(1370), £,(1270), fo(1710), £5(1525), and K;(1430).
In Ref. [23] a study of the J/y — ¢(w)f»(1270),
£5(1525), and J/w — K*°(892)K;°(1430) decays was
also carried out from that perspective and good results
were obtained. The radiative decay of J/y into f,(1270),
f5(1525), fo(1370), and f,(1710) was also studied in
Ref. [24] and good results were obtained for the available
experimental information. One also very interesting reper-
cussion of this perspective was the reinterpretation in
Ref. [25] of the peak seen in the w¢ distribution close
to threshold [26] as a manifestation of the f,(1710)
resonance below the w¢ threshold rather than a signal
for a new resonance. It is clear that the idea of the nature of
these states as vector meson—vector meson composite states
has undergone a scrutiny that no other model has under-
gone. Yet, the permanent discussion of the issue demands
that extra checks are done with the different models for
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other observables, and in this sense the weak decays that we
exploit here bring a new source of valuable information that
should serve to test the different models. This is the purpose
of the present work.

In this paper we present results for the weak decay of B’
and BY decays into J /y and £ (1370), f,(1710), f,(1270),
f5(1525), K3(1430). The experimental results show that
the BY has a pronounced peak for the decay into
J/wfo(980) [27], while no appreciable signal is seen for
the fy(500). These results have been also supported by
Belle [28], CDF [29], DO [30], and again LHCb [31,32]
Collaborations. Conversely, in Ref. [33] the B® into J/y
and 7z~ is investigated and a clear signal is seen for the
f0(500) production, while only a very small contribution
from the f(980) production is observed. These reactions
have motivated theoretical work, estimating rates of pro-
duction [34-36] or trying to extract the amount of ¢g or
tetraquarks in the scalar mesons [37]. Related theoretical
work is also done in Refs. [38—43]. From the perspective of
the scalar mesons as being dynamically generated from the
meson-meson interaction, work was recently completed in
Ref. [44], where the elementary mechanism is J/y for-
mation together with a gg, which is hadronized to convert it
into a meson-meson pair. The resulting meson-meson pairs
are allowed to interact, using for this purpose the chiral
unitary approach [45], and the desired final state is selected.
This interaction is known to generate dynamically the low-
lying scalar mesons [1-6] and then one has a mechanism to
produce all these resonances in these decays up to a global
normalization constant. The agreement found with experi-
ment for the different decays modes in Ref. [44] is
remarkable. We shall follow a similar path here, but taking
into account the fact that the scalar and tensor resonances
discussed above, f(1370), f(1710), £,(1270), f4(1525),
K%(1430), are now generated from the vector meson—
vector meson interaction.

II. FORMALISM

Following the Ref. [37] we take the dominant mecha-
nism for the decay of B, and BY into a J/y and a gg pair.

C c
b w d
Bo
d d
(a)
c c
b w s
BY
S S
(c)

FIG. 1.
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Posteriorly, this gg pair is hadronized into vector meson—
vector meson components, as depicted in Fig. 1.

The hadronization of the gg pair is done following the
idea of Ref. [23]. The idea is depicted in Fig. 1. In the B°
(BY) decays, a c¢ state is created producing the J/w,
together with a light ¢gg pair, dd for B® and s5 for BY
decays. In order to produce a meson which comes from
vector-vector interaction, this gg pair has to hadronize. We
need four quarks to build this new structure and this is
accomplished by creating an extra gg combination with the
quantum numbers of the vacuum, which corresponds to a
flavor structure itu + dd + 5s. In order to formulate the
correspondence between the hadronized ¢g(iiu + dd + 5s)
structure and that of the vector-vector components one
proceeds as follows. We introduce the gg matrix M

uii  ud us
M= |du dd ds |, (1)

sii  sd S5
which has the property
M-M =M x (iu + dd + 5s). (2)

In this sense the hadronized dd and s5 states in Fig. 1 can
be written as

dd(iiu + dd +5s) = (M - M), (3)

s5(u + dd +55) = (M - M)3;. (4)

But now it is convenient to establish the relationship of
these hadronized components with the vector meson—
vector meson components associated to them. For this
purpose we write the matrix M of Eq. (1) in terms of the
nonet of vector mesons,

c c
b w d
Cuu+dd + 3s
d (b) d
c c
b W S
C T uu-+dd+5s
s S
(d)

Basic diagrams for B and B? decay into J/y and a ¢ pair [(a) and (c)], and hadronization of the ¢g components [(b) and (d)].
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4[)0 +§(0 p+ Kt
V= p — 2+ Lo kO [ O)
K I_(*O ¢

and then we associate
dd(iiu + dd + 3s)
=(V-V)y

1 1 _
=ppt+ zpopo +5 00— PPw+ KK, (6)

s3(iu + dd +5s) = (V- V)55
_ K*—K*J,- +K*OI_(*O +¢¢ (7)

In the study of Ref. [20] a coupled channels unitary
approach was followed with the vector meson—vector
meson states as channels. However, the approach went
further since, following the dynamics of the local hidden
gauge Lagrangians, a vector meson—vector meson state can
decay into two pseduoscalars, PP. This is depicted in
Figs. 2(a) and 2(b). In Ref. [20] these decay channels are
taken into account by evaluating the box diagrams depicted
in Figs. 2(c) and 2(d), which are assimilated as a part, 6V,
of the vector-vector interaction potential V. This guarantees
that the partial decay width into different channels could be
taken into account when determining masses and widths of
the resonances that the approach generates. However, the
approach is not done by taking into account as coupled
channels the VV and PP simultaneously. This means that
one does not evaluate explicitly VV — PP transition
matrices. Although the partial decay widths into PP are
well evaluated, the fact that one does not have the VV —
PP matrix elements forces us to take a path slightly
different from the one taken in Ref. [44] to deal with
the low-lying scalar resonances, which are generated from
the PP interaction solely. Hence, rather than evaluating
amplitudes and mass distributions for the pairs of pseudo-
scalars that are observed (the resonances that we get are
usually bound in the vector-vector systems), we evaluate
the amplitudes and rates for transition to the resonance
itself.

Since the information of the PDG [46] is usually given in
terms of rates for transition to specific resonances, the
|
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FIG.2. Decay mechanisms of K*K* + 7z, KK [(a) and (b)] and
box diagrams considered in Ref. [20] to account for these decays
[(c) and (d)].
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FIG. 3. Mechanisms to generated the vector-vector resonances
through V'V rescattering. The dot of the vertex RV'V indicates the
coupling of the resonance to the different V'V components. (a) for
B decay, (b) for B? decay.

procedure that we follow allows direct comparison with
these experimental magnitudes.

The vector-vector components of Egs. (6) and (7) are
produced in a first step and then they interact in coupled
channels to produce finally the desired resonance. This
propagation is taken into account by means of the two
vector loop function Gy, times the coupling of this vector-
vector component to the resonance. Since we wish to
have the resonance production and this is obtained through
rescattering, the mechanism for J/y plus resonance
production is depicted in Fig. 3.

The amplitudes for J/wR production are then given by

_ ~ 11 11
I(BO - J/l[/fo) = VchdpJ/WCOS(g (Gp'/ﬁgp'p*,fo + EEGPOPOQPOPOJO + 55 wagww.fg + GK*OI_(*OQK*OI_(*O,fO) R (8)
_ ~ 1
1(BY = J/wfo) = ViV espypycosd <GK*°I_(*09K*°I_{*°,f0 + Gg-k+ grkr fy T §G¢¢g¢¢,fo), )

where Gyy are the loop functions of two vector mesons that we take from [20] and gyy f, the couplings of f to the pair of
vectors V'V, defined from the residues of the resonance at the poles
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£ =
Yoos—sp’

(10)

with #;; the transition matrix from the channel (VV); to
(VV);. These couplings are also tabulated in Ref. [20]. The
formulas for the decay amplitudes to J/y f, are identical,
substituting f(, by f, in the formulas and the factor V» by a
different one V’ suited for the hadronization into a tensor.
The magnitudes V» and V' represent the common factors
to these different amplitudes. In addition to the different
weights of the several vector-vector channels in Egs. (8)
and (9) for the BY or BY decays into J/y and the same
resonance, one also has the weight of different Cabibbo-
Kobayashi-Maskawa (CKM) matrix element, V., for B°
decay, and V,, for BY decay. These matrix elements are
given by

V.4 = —sinf, = —0.22534, (11)

V., =cosf.=0.97427. (12)
Note that in the formulas we include a factor 1/2 in the G
functions for the p°p°, ww, and ¢¢ cases to account for the
identity of the particles. The factor p,,,cos6 is included
there to account for a p wave in the J/y particle to match
angular momentum in the 0~ — 1707 transition. The cos @
|

- - _ w —
sd(uii +dd + s3) = (V- V), = K*~ ++K*0<—+)+K*0 ,

ds(uit +dd + s3) = (V- V), = p K*" + <
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FIG. 4. Mechanisms for B® — J/wKj3(1430) (a) and B? —
7/wK3(1430) (b).

dependence is the easiest one and we keep it, although it
can be more complicated in the presence of vector mesons,
but this does not matter for the ratios of rates. The factor
Py can however play some role due to the difference of
mass between the different resonances.

The case for B® — J/wK’(1430) decay is similar. The
diagrams corresponding to Figs. 1(b) and 1(d) are now
written in Fig. 4.

In analogy to Egs. (6), (7) we now have

4 (13)

P

~ 55 (14)

)K*O + K*O¢,

and the amplitudes for production of J/wK3(1430) will be given by

(B = J1WKS) = VisycostVes (G iy i

l(B? - J/WKE) = V;’pj/ylcosevcd (GK*+p‘gK*+p‘,K;

One more step is needed since the couplings in Egs. (8),
(9), (15), (16) are given in charge basis while in the work of
Ref. [20] they are given in isospin basis. For this we recall
that in the unitary normalization used in Ref. [20] for
convenience to deal with identical particles one has

1
lpp, I =0 >= —76@_0+ +p°° +ptp7), (17)

1

1

1
— 7§G[-(*opo_gf(*oﬂo’i(; + EGR*Ou)gl_{*Ow,f(; + GI_(*O(/,»QI_(*O(/),I—(;) s (15)

1
— EGI-(*OPOL(],‘(»«OIJO_,(; + 7§Gl_(*°wgl_(*°w,l(§ -+ Gi(*°¢9f<*°¢,1(;> . (16)

_ 1 _
KK*, 1 =0>=——(K"K*" + K*0K*0
| 7
—|—K*+K*_ + I_(*OK*O), (18)
1
ow, ] =0 >= —ow, 19
| 7 (19)
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9.1 =0 >= %dxﬁ. (20)
Then we find
I(BO - J/ll/fo) = VPPJ/WCOSHVcd (‘ % Gppgpp,fo + g wagww,fo - g GK*K*gK*K*,f()) > (21)
t(BY > J/wfo) = Vpp,,cos0V <_\/§GK*K*9K*K*,fO + \/7§G¢¢9¢¢,f0>’ (22)
t(B® - J/yK3) = V}pj/y,cosé?vcs (—?ka*gpk*’k; + ?ka*gwk*ﬁé + G¢,-(*g¢,-<*,,—q>, (23)
1(B) — J/wK;) = VIPpJ/y/COSQVCd <_?GpK*ng*,K§ + \/TEGmK*ng*.K; + G¢K*9¢K*,K;>» (24)

and for B’(BY) — J/yf, the same as for f,, but changing
Vp by V). Note that V’ is then common to the decays into
f> and K.

The width for these decays will be given by

= 2P, 25
871’M%| | Pi)y ( )
with
2 2 2
» :/‘L(MB’MJ/W’MR) (26)
Kl oMy ’

with My the resonance mass, and in |t|> we include the
factor 1/3 for the integral of cosf, which cancels in all
ratios that we will study.

The information on couplings and values of the G
functions, together with uncertainties, is given in
Table V of Ref. [23] and Table I of Ref. [24]. The errors
for the scalar meson production are taken from Ref. [24].

III. RESULTS

In the PDG we find branching fractions for BY —
J/wfo(1370) [31], B — J/wf,(1270) [31], and B —
J/y f5(1525) [47]. We can calculate ten independent rates
and we have two unknown normalization constants V p and
V. As a consequence we can provide eight independent
ratios parameter free. From the present experimental
branching fractions we can only get one ratio for the
BY = J/wf,(1270)[f5(1525)]. There is only one piece of
data for the scalars, but we should also note that the data for
BY — J/wf,(1370) in Ref. [31] and in the PDG, in a more
recent paper [32] is claimed to correspond to the f,(1500)

I
resonance. Similar ambiguities stem from the analysis
of Ref. [48].

The branching fractions for f,(1270) [31] and f%(1525)
[47] of the PDG are

B(BY — J/wf,(1270)) = (101]) x 1077, (27)

B(BY — J/yf5(1525)) = (2.6152) x 1074, (28)

However, the datum for B(BY — J/wf,(1270)) of the
PDG is based on the contribution of only one helicity
component 4 =0, while A =+1 contribute in similar
amounts.

This decay has been further reviewed in Ref. [32] and
taking into account the contribution of the different
helicities a new number is now provided,1

BB — J/yf>(1270)) = (3.0112) x 1075, (29)
which is about three times larger than the one already
reported in the PDG.

We present our results in Table I for the eight ratios that
we predict, defined as,

[[B — J/yfy(1370)]

R =B = Ty so(1710)

(30)

L[B® = J/wf>(1270)]
T[BY = J/wf5(1525)]

Ry = (31)

'From discussions with S. Stone and L. Zhang. This new
number has been submitted to the PDG by the authors of Ref. [32]
and will appear in the next update of the PDG.
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TABLE I. Ratios of B% and BY decays.

Ratios Theory Experiment
R, 62+£1.6

R, 13.4+6.7

R 30+ 1.5)x 1072

R, 7.7+£19)x 1073

8.4 +4.6) x 1072

(
Rs §6.4 +£3.2) x 107!
(
(
(82+4.1

)

)
1.1:|:0.3)><10_2

) (1.0~ 3.8) x 102

) x 107! .

T[B® - J/yf(1270)]

R = T = 7wk (1430)] (32)
i
St B
S e
R, = LIBS = J/yf5(1270)] (36)

TT[BY = J/wf(1525))

_ T[BY = J/yf>(1270)]
Ry = [[BY — J/yK;(1430)] (37)

Note that the different ratios predicted vary in a range of
1073, which means a big range, such that even a qualitative
level comparison with future experiments would be very
valuable concerning the nature of the states as vector-vector
molecules, on which the numbers of the tables are based.

The errors are evaluated in quadrature from the errors in
Refs. [23,24]. In the case of R;, where we can compare with
the experiment, we put the band of experimental values for
the ratio to show that the theoretical results and the
experiment just overlap within errors.

From our perspective it is easy to understand the small
ratio of these decay rates. The f,(1270) in Ref. [20] is
essentially a pp molecule while the f%(1525) couples
mostly to K*K*. If one looks at Eq. (9) one can see that
the BY — J/wfo(f,) proceeds via the K*K* and ¢¢
channels, hence, the f,(1270) with small couplings to
K*K* and ¢¢ is largely suppressed, while the f5(1525) is
largely favored.

One should take into account that the rate of Eq. (29) is
one of the smallest rates reported in the PDG. These
numbers come from an elaborate partial wave analysis that,
although rather stable against different assumptions, is not
free of ambiguities. In this context, the agreement of theory

PHYSICAL REVIEW D 90, 094006 (2014)

with experiment in the only case that we can compare is
very encouraging and shows the potential that the meas-
urement of the other ratios has in learning about the nature
of the set of resonances on which we have reported. This
discussion should serve to encourage further experimental
analysis in this direction.

IV. CONCLUSIONS

In this paper we have studied the decay of B® and BY into
J/w and one of the resonances fy(1370), fo(1710),
f2(1270), f5(1525), K%(1430), which are generated
dynamically from the interaction of vector mesons. The
approach followed is rather simple and very predictive. We
isolate the dominant mechanisms for the elementary decay
of the B into the J/y and a ¢g component. This latter one is
hadronized, giving rise to two vector mesons which are
allowed to interact in coupled channels with a unitary
approach, with the input obtained from the local hidden
gauge approach, which extends chiral symmetry to the
realm of the vectors. The approach allows us to get ten
independent decay rates and we have two unknown factors
in the theory. They are eliminated to give eight independent
ratios of rates, which appear parameter free in the theory.
We could only compare with one of the smallest ratios, the
one between the BY into J/y f,(1270) and B? into J/y
f5(1525), and the agreement was good within errors. This
small ratio has reasons purely dynamical in our theory.
Indeed, we could see that the decay selected a s5 pair that
upon hadronization gets converted into K*K* and ¢¢. On
the other hand, in the underlying theory of these states as
vector-vector molecules, the f,(1270) couples essentially
to pp, while the f%(1525) couples basically to K*K*. Then
it comes naturally that the f,(1270) is largely suppressed,
while the f%(1525) is clearly favored.

The potential of the ratios predicted to tell us about the
dynamics of vector interaction and the nature of the
resonances discussed here is great. This should serve to
encourage further measurements and analysis of data. At
the same time, to advance on the issue of the nature of
resonances, it would be most advisable that other groups,
with other theories, also make predictions for these rates
that allow us to make comparisons and advance in our
understanding of the nature of hadronic resonances.
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