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Abstract: We study the B? — J/Yf5(980) and B? — J/Yap(980) reactions, and pay attention to the different
sources of isospin violation and mixing of f,(980) and ap(980) resonances where these resonances are dynamically
generated from meson—meson interactions. We find that the main cause of isospin violation is isospin breaking in the

meson—meson transition 7' matrices, and the other source is that the loops involving kaons in the production mechan-
ism do not cancel due to the different masses of charged and neutral kaons. We obtain a branching ratio for ay(980)
production of the order of 5x 1076, Future experiments can address this problem, and the production rate and shape
of the 7% mass distribution will definitely help to better understand the nature of scalar resonances.
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I. INTRODUCTION

The B; decay into J/¢ and two mesons is an excel-
lent source of information on meson dynamics. At the
quark level the decay proceeds via internal emission [1],
as shown in Fig. 1. The c¢¢ quarks give rise to the J/y and
the extra s5, which appear in the Cabibbo favored decay
mode, have isospin / = 0. It is a rather clean process and
indeed, in the LHCb experiment [2] the f,(980) reson-
ance was seen as a strong peak in the invariant mass dis-
tribution of n*n~. The way n*n~ are produced is studied
in detail in Ref. [3]. The s5 pair of quarks is hadronized,
introducing a gq pair with vacuum quantum numbers, and
KK in I =0 plus nn are produced, which are allowed to
interact within the chiral unitary approach [4—7] to pro-
duce the f;(980) resonance, which is dynamically gener-
ated from the interaction of pseudoscalar pairs and
couples mostly to KK. With such a clean process produ-
cing I =0, one finds a very interesting place to produce
the ap(980), via isospin violation, and add extra informa-
tion to the subject of the f,(980) —ap(980) mixing that has
stimulated much work. Indeed, there are many works de-
voted to this subject [8—36] and some cases where, due to
a triangle singularity, the amount of isospin breaking (we
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prefer this language rather than mixing, since there is not
a universal mechanism for the mixing and it depends
upon the particular reaction) is abnormally large [26, 27,
37]. The way the ayp(980) resonance can be produced in
the By — J/yn’n decay is tied to the nature of f,(980) and
ap(980), since the resonances are dynamically generated
by the pseudoscalar—pseudoscalar (PP) interaction [4]. It
is the meson—meson loops in the Bethe—Salpeter equa-
tion, particularly KK in the case of f; and qy, that give
rise to the resonances. The K*K~ and K°K° loops cancel
for I =1 starting from the 7 =0 combination of the had-
ronized s5 quarks, but only if the masses of K* and K°
are taken as equal. When the mass difference is con-
sidered, then the isospin is automatically broken and
some peaks appear for the isospin-violating decay modes
which are rather narrow and are tied to the kaon mass dif-
ferences. The relation of the ag— fy mixing to this mass
difference is shared by most theoretical studies, starting
from Ref. [8]. However, as shown in Ref. [38] in the
study of Dy — e"v,ap(980), isospin breaking takes place
in the loop for KK propagation in the decay but also in
the same meson—meson scattering matrix, which enters
the evaluation of the process, something already noticed
in Ref. [39]. Yet, the two sources of isospin violation are
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different depending on the reaction studied, hence the im-
portance of studying the isospin violation in different pro-
cesses to gain information on the way the violation is pro-
duced and its dependence on the nature of the a((980) and
f0(980) resonances, which has originated much debate in
the literature.

We study the process of ap and fy production, follow-
ing the lines of Refs. [3] and [38], and by taking experi-
mental information on the By — J/ym*n~ reaction, we
make predictions for the rate of By — J/yn’; production
and the shape of the 7% mass distribution. The branch-
ing fraction obtained for this latter decay is of the order of
5x107%, well within the range of rates already measured
and reported by the PDG [40], which should stimulate its
measurement in the future.

II. FORMALISM

The mechanism at the quark level for the B?—

J/yn*n~(n°n) reaction is depicted in Fig. 1, having an s5
pair with isospin 7 = 0 at the end. Note that the light scal-
ars fp(980) and a((980) have I=0,1, respectively. The
production of f,(980) is isospin conserved, while the pro-
duction of a¢p(980) is isospin forbidden and involves
isospin violation.

To obtain 7tz or 2% in the final state in Fig. 1, we
need to hadronize the s§ pair by introducing an extra gq
pair with vacuum quantum numbers. We start with the ¢g
matrix M in SU(3),

ui ud us
dd ds |. (D)
si sd S5

Next, we write the matrix M in terms of pseudoscalar
mesons, assuming that the n is ng of SU(3),

a* K*
7ro+in+ L77’ K° ) (2)
V2. V6 V3

KO \/§+\/T’
31T 37

which is often used in chiral perturbation theory [4]. On the other hand, when we consider the Bramon 7 —7’ mixing

[41], the matrix M can be written as

ISR U
—'+ —n+—n
i
M — P = m -
K-

Since the 7’ is inessential in the dynamical generation of
the f5(980) and ay(980) resonances [4], we will ignore the
n’ in the present work.

After hadronization of the s5 component, we obtain

s§—> H= Z 5iqi5 = 27)31' P = (P 4

0
B s

Fig. 1. Diagram for BY decay into J/y and a primary s5 pair.

at K+
J— 0+Ln+ Ln' KO 3
VI VE e | ®
K° ——n+./=7
V3 3

In the case without n— 7" mixing, the matrix # of Eq.
(2) is used, and then the hadron component H in Eq. (4) is
given by

_ 2
H=K K +K°k"+ 3 (5)

In the case with -7’ mixing, one uses matrix P of
Eq. (3), and obtains

_ 1
H=K K" +K°K®+ 3 (6)

differing only in the ny component, which affects the
production of f; but not the production of ay. We define
the weight of the PP components in H as
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2
hgx- =1, h[(of(o =1, l’l,m = = h(nr;;) = —. (7)

37

W | =

One can see that neither Eq. (5) nor Eq. (6) contains
n*n~ or 2y, but they can be produced by the final state
interaction of the KK and nn components, as depicted in
Fig. 2. The transition matrix from the PP state to n*n~ or
n'n is represented by the circle behind the meson—meson
loop in Fig. 2, which contains the information of f,(980)
and a((980) respectively. According to the method in Ref.
[4] (the chiral unitary approach), these resonances are the
result of the PP interaction in the coupled channels
KK, .

By using the unitary normalization [4, 38], the amp-
litude for the B? — J/yn*n~ decay, as a function of the
a*n~ invariant mass M, (7 77), is given by [38]

ten =Clhg k- -Gk Miny(m 7)) - T g rom (Miny (77 77))
+ hKuf(o . Gkof(u (Minv(7T+7r_)) . TKUI_(UJTVI" (Minv(ﬂ+7T_))
1 _ _
+ hrm X 2x E : Grm(Minv(ﬂ'Jrﬂ' ) Trm,n*:r (Minv(ﬂ'Jrﬂ' ))] s
(®)

and the amplitude for the B — J/yn®y decay, as a func-
tion of the 7% invariant mass M, (7°n), is given by [38]

twony =C [hK*K’ -Gk (Miny(m°m)) - Tk k- g (M (1)
+ hgogo + G o go(Miny (7'1)) - T o go o (Min (')

1
+ hm] X2 X 5 : Gnn(Minv(n'On)) ) Tnn,non(Minv(n'On))] s
©)

with C an arbitrary normalization constant which is can-
celed in the ratio of the fy and ayp production rates. For
the case with n—7" mixing, the corresponding amp-
litudes can be obtained by replacing h,, with h;’,”,) in Egs.
(8) and (9).

I/

J/

In Egs. (8) and (9), G; is the loop function of the two
intermediate pseudoscalar mesons, which is regularized
with a three momentum cut-off gnax [4],

wi+ws

Imax 2
Gi(5) = fo g d¢ (10)

@2m)2 wiwy[s—(wy +wp)? +ie]’

with w; = Jm? + g2 and +/s the centre-of-mass energy of
the two mesons in the loop. T;; is the total amplitude for
the i — j transition and can be obtained by solving the
Bethe—Salpeter (BS) equation with six PP coupled chan-
nels 7t7~, n%2°, K*K~, K°K°, nn and 7°n, in a matrix
form,

T=[1-VG]'Y, (11)
where the matrix V' is the kernel of the BS equation. Its
elements V;; are the s-wave transition potentials which
can be taken from Eq. (A3) and Eq. (A4) of Ref. [38],
corresponding to the cases without and with n—7" mix-
ing, respectively.

The differential decay width for B? — J/yn%yp or
BY — J/yntn~ decay is given by

a1 11
dMin(ij) — (2n)3 4Mz, 3

P3N, Py P ltil*s (12)

where ij=n*n" or 1%, My (ij) is the invariant mass of
the final n*n~ or 7%, ty, and tpoy are the amplitudes
from Eq. (8) and Eq. (9) respectively, p,,y is the J/y mo-
mentum in the BY rest frame, and p, isthe pion mo-
mentum in the rest frame of the 777~ or 2% system,

1/2 2 2 2
_ ATOMG MGy M) (13)
Piy = 2MB“‘ 4

Fig. 2. Final state interaction of the hadron components leading to 7*z~ or z% in the final state.
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A2 omm3)

2]Winv ’
120002 2 2
A (Minv’mﬂ’mﬂ)

21Minv

for n* 7~ production,

Pr =
,  for 7% production,

(14)

with A(x?,y?,7%) = x> +y% + 7% = 2xy —2yz—2zx the Killen
. 1
function. In Eq. (12), the factor 3 p3 1y Stems from the fact

that we need a p-wave to match angular momentum in the
0~ — 170* transition and we take a vertex of type

DJyy €0s6.

III. RESULTS

We follow Ref. [38] and take the cut-off gum.x = 600
MeV and 650 MeV for the cases without -, mixing
and with -7 mixing respectively, with which the
J0(980) and a((980) resonances can be dynamically pro-
duced well from the PP interaction. The 7"z~ and 7'y
mass distributions #{(iﬁ are shown in Fig. 3 for the case
without -7’ mixing and in Fig. 4 for the case with n—7’
mixing, respectively. By comparing Fig. 3 and Fig. 4, one
finds that the results of the two figures are very similar,
and the difference between them can serve as an estimate
of the uncertainties of our formalism.

Now, let us look at the 7*7~ and 7% mass distribu-
tions in Fig. 4 with n—7»’ mixing. One can see a strong
peak for f;(980) production in the n*zx~ mass distribu-
tion and a small peak for ao(980) production in the 7'y
mass distribution. Here the shape of @((980) resonance is
quite narrow, considerably different to the standard cusp-
like shape (with a width of about 120 MeV) of the ordin-

L T T T T T T T T T T T T T T T T ]
300 . -
(10 ‘ ‘ n —— | ]
250 | i — 1’|
= [ i
< 200f 6 i ]
2 i
§~ 150 [ B
= 100} i .
‘U [ . .
I ! !
50 K 3 B
0 h P e O Rl et
880 900 920 940 960 980 1000 1020 1040
M. . [MeV]
Fig. 3. (color online) Mj,(n*7x~) mass distribution for BY —

J/ W fo(980), fo(980) — = decay, and My, (n;) mass distribu-
tion for BY — J/¥ap(980),a0(980) — n%; decay. Inset: Magni-
fied #%;. (Without -7’ mixing).
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S o i
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Fig. 4. (color online) Miy, (x*7~) mass distribution for B9 —
JIW £5(980), £5(980) — n* 7~ decay, and Mi,, (n%7) mass distribu-
tion for BY — J/yap(980),a0(980) — 7’ decay. Inset: Magni-
fied 2%. (With n—#" mixing).

ary production of a((980) in an isospin allowed reaction
[42]. If isospin were conserved, one would find the
ap(980) production with zero strength. The small peak of
ap(980) in Fig. 4 indicates that isospin violation takes
places in the B? — J/ynn reaction. According to Eq.
(A4) of Ref. [38], we have Vig-g- 0y = =Vigogo n, for the
transition potentials. Hence, if we use average masses for
kaons, there will be a precise cancellation of the first two
terms of the amplitude 7., in Eq. (9), resulting on zero
strength for a¢(980) production. On the contrary, using
the physical masses for the neutral K° and the charged
K* in the formalism results in the production of the
ap(980) resonance with a narrow shape related to the dif-
ference of mass between the charged and neutral kaons.
In our picture, there are two sources of isospin violation:
one is the K*, K° mass difference for the explicit K*K~
and K°K° loops in Fig. 2, and the other is from the 7 mat-
rix involving rescattering in Fig. 2.

It is interesting to investigate the effects of these two
sources of isospin violation. For that, we follow Ref. [38]
and define the ratio R, which reflects the amount of the
isospin violation, as

_ T(BY - J/1yap(980),ao(980) — ')
T T(BY - [y f5(980), £6(980) — mtr)’

(15)

with decay widths T[BY — J/yap(980), an(980) — n'r]
and T[BY — J/y£5(980), £o(980) — n*n~] obtained by in-
tegrating Eq. (12) over the invariant mass M, (i}).

Under several different assumptions related to the two
sources of isospin violation, we evaluate the ratio R. The
results are shown in Table 1.

From Table 1, we observe that the ratio R with n—n’
mixing (Case 4) is about 20% bigger than that without
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Table 1.

Values of R with different assumptions. (In the table, I.V. denotes isospin violation.)

I.V. both in T matrix and in explicit KK loops (Case 1)

no 17—’ mixing

1.V. only in explicit KK loops (Case 3)

I.V. both in T matrix and in explicit KK loops (Case 4)

with 7 — 7" mixing

1.V. only in explicit KK loops (Case 6)

I.V. only in T'matrix (Case 2)

I.V. only in 7 matrix (Case 5)

3.1x1072
3.5%x1072
7.0x1074
3.7x1072
4.1x1072
9.7x 1074

n—n' mixing (Case 1). By comparing the values of R for
Case 2 and Case 3 (or, for Case 5 and Case 6), we find
that the isospin violation in the 7 matrix has a more im-
portant effect than that in the explicit KK loops, being at
least one order of magnitude larger. This fact is interest-
ing, since in our picture the f,(980) and a((980) reson-
ances are dynamically generated from the PP interaction
with the information on their nature contained in the T
matrix. For the B?— J/yn*n~(n%n) decay, neither the
n*n~ nor the 7% can be directly produced from s5 had-
ronization [see Egs. (5) and (6)], hence there is no contri-
bution from the tree level. Instead, they are produced
through the rescattering mechanism of Fig. 2, with
f0(980) and a((980) resonances as dynamically generated
states from the PP interaction. The production rate of the
10(980) (a0(980)) resonance in the B — J/yn*n~(n°n) de-
cay is sensitive to the resonance information contained in
the 7 matrix. Therefore, this mode is particularly suitable
to test the nature of f;(980) and ay(980) resonances and to
investigate the isospin violation.

From the PDG [40], the experimental branching ratio
of the BY — J/y£5(980), fo(980) — n*n~ decay reads

Br[B° — J/ £,(980), £5(980) - n* 7] = (1.28 +0.18)x 10~
(16)

By using the ratio R in Table 1 and the branching ratio of
Eq. (16), the branching ratio for a¢(980) production can
be obtained,

Br[B° — J/ag(980),a0(980) — 7]

[ (395+0.56)x 1075, for Case 1; a7
T\ 4.74+0.67)x 1075, for Case 4.

This branching ratio is of the order of 5x 107, not
too small considering that several rates of the order of
1077 are tabulated in the PDG [40]. The branching ratio
and the shape of the 7% mass distribution of the
B? — J/yn’n decay provide relevant information on the
nature of the a¢(980) resonance. Experimental measure-
ments will be very valuable.

IV. CONCLUSIONS

In the present work, we study the isospin allowed de-
cay process BY — J/yn*n~ and the isospin forbidden de-
cay process BY — J/ynn, paying attention to the differ-
ent sources of isospin violation.

First, we have J/y s5 production in the BY decay, via
internal emission as shown in Fig. 1. After the hadroniza-
tion of 55 into meson—meson components, we obtain KK
pairs and nn, while 777~ and 7% are not produced at this
step. Therefore, to see 777~ or 2y in the final state, res-
cattering of the KK or nn components is needed to pro-
duce 7t~ and 77 at the end. The picture shows that the
weak decay amplitudes are proportional to the 7 matrix of
the meson—meson transitions. We can obtain information
about the violation of isospin from these magnitudes. In
Figs. 3 and 4, we observe a clear signal for f,(980) pro-
duction. We also observe that the shape of the 7% mass
distribution is very different from the shape of the com-
mon ay(980) production in isospin-allowed reactions, and
it is related to the difference in mass between the charged
and neutral kaons. In the production of @,(980) we find
two sources of isospin violation: one is that the loops
containing K*K~ or K°K° do not cancel due to the differ-
ent mass between the charged and neutral kaons, and the
other is that the transition 7 matrix of the meson—meson
interaction already contains some isospin violation. In
fact, we find that the contribution from isospin violation
in the 7 matrix is far more important than the contribu-
tion of the explicit loops in the weak decay, being at least
one order of magnitude larger. The study here shows that
this reaction is very sensitive to the way the resonances
are generated.

The D} semileptonic decay [38] and B? mesonic de-
cay both produce an s5 pair at the end, and the two reson-
ances of f,(980) and a((980) are produced dynamically
by the interaction of pseudoscalar mesons through the
chiral unitary approach. The results of D! semileptonic
decay are consistent with the experimental upper bound.
We also calculate the branching ratio of B — J/yao(980)
for ap(980) production, and the values are not too small,
of the order of 5x107°. Our results provide a reference
basis for experiments, which we expect to be carried out
in the near future.
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