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Abstract: We perform calculations for the BY —J /W’y (980) and BY —J /a0 (980) reactions, showing that the
first is isospin-suppressed while the second is isospin-allowed. The reaction proceeds via a triangle mechanism, with
B?— J/PWK*K4-c.c., followed by the decay K* —Km and a further fusion of KK into the fo(980) or ag(980). We show
that the mechanism develops a singularity around the 7°fy(980) or 7°a(980) invariant mass of 1420 MeV, where
the m°fy and 7may decay modes are magnified and also the ratio of m°fy to mag production. Using experimental
information for the BY —J JWK*K+-c.c. decay, we are able to obtain absolute values for the reactions studied which
fall into the experimentally accessible range. The reactions proposed and the observables evaluated, when contrasted
with actual experiments, should be very valuable to obtain information on the nature of the low lying scalar mesons.
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1 Introduction A reformulation of the problem, in the light of present

computing facilities (at the level of a simple PC), offers

Triangle singularities (TS) are capturing the atten-
tion of hadron physics (see talk in the latest hadron con-
ference [1]). Introduced by Landau in 1959 [2], the TS
stems from a mechanism that can be represented by a
Feynman diagram with a loop with three propagators.
An external particle A decays into two particles, 1 and
2. Particle 2 decays into particle 3 and an external parti-
cle B, and then particles 1 and 3 merge into an external
particle C'. The loop contains the particles 1,2,3 as inter-
nal particles. Under certain circumstances, which corre-
spond to having the possibility of the process occurring
at the classical level, a singularity in the amplitude devel-
ops [3]. This occurs when all the intermediate particles
are placed on-shell and are collinear. The amplitude be-
comes infinite if the internal particles have zero width.
However, the fact that particle 2 can decay into 3+B im-
plies that it has a width, and the infinite amplitude turns
into a finite peak, which can be identified experimentally.
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a more intuitive and practical approach to this issue [4].
The existence of a singularity for a given mechanism is
established by means of a single equation, ¢,,=¢._ (see
Eq. (18) of Ref. [4]), where ¢,, is the on-shell momen-
tum of particle 1 in the decay of A—142, and ¢,_ is the
smallest momentum for particle 2, when 2+3 merge on
shell to give the moving particle C', with particles 2 and
B having momenta in opposite directions (this situation
allows the Coleman Norton theorem [3] to be fulfilled).
Clear as the problem is, no experimental examples were
found for long time, but the situation has changed re-
cently. Suggestions to find TS in different reactions were
given in Ref. [5]. In particular, it was suggested that a
peak seen by the COMPASS collaboration that was ini-
tially associated to a new resonance, the a; (1420) [6], was
a consequence of a triangle singularity that reinforced
the a;(1260) decay into 7fy(980). Detailed calculations
clearly reaching this conclusion were done in Refs. [7, 8].
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Similarly, arguments have been given in Ref. [9] that the
f;(1420) resonance, catalogued as such in the PDG [10],
does not correspond to a resonance, but is a manifesta-
tion of the f;(1285) decay into KK*, with the “7may(980)
decay mode” claimed in Ref. [11] corresponding to a TS
enhanced decay mode of the f;(1285). Another example
is given by the f,(1810) “resonance”, which, as shown
in Ref. [12], comes naturally from a TS involving K*K*
production, followed by K* — nK and K*K fusing into
a, (1260).

Some awakening to the T'S was spurred by the sugges-
tion that the P,(4450) peak seen by the LHCb collabo-
ration [13, 14] might correspond to a TS [15, 16], but the
follow-up work in Ref. [4] showed that for the preferred
quantum numbers J* =3/27,5/2% of the experimental
analysis this could not be the explanation.

The TS has also helped to explain some peculiar ex-
perimental features of different reactions, like the peak
around /s = 2110 MeV of the yp — KTA(1405) reac-
tion [17], explained in Ref. [18] through a TS, or the
niN*(1535) contribution to the yp — m°np reaction [19],
also explained through such a mechanism in Ref. [20].
A possible &p resonance, the hidden-strange analogue of
the P, state, was investigated in the AT —7n°¢dp decay by
considering a triangle singularity mechanism [21], where
the obtained ¢p invariant mass distribution agrees with
the existing Belle data [22]. Other examples can be found
in a more detailed description in Ref. [23].

However, the issue of isospin violation in produc-
tion of the f,(980) or a(980) resonances, and their mix-
ing, has been a recurrent topic [24-28]. While trying
to establish a “fy; —a, mixing parameter” from differ-
ent reactions, the concept had to be abandoned be-
cause it was shown that the amount of isospin viola-
tion was very much reaction dependent. Particularly,
it was shown in Refs. [29, 30] that the large isospin vi-
olation in the 1(1405) — 7°f,(980) decay [31] was due
to a TS. Since then, a search for TS enhanced isospin-
violating reactions producing the f,(980) or ay(980) reso-
nances has been initiated. In Ref. [32] the f; (1285) decays
into the isospin-allowed 7°a,(980) mode and the isospin-
forbidden 7°f,(980) mode were studied, and the latter
was confirmed a few months later in a BESIII experi-
ment [33]. More recently the D —mt7%a,(980)(f,(980))
reaction has been suggested as an example of isospin vi-
olation (DF — 7+7°f,(980)) enhanced by a TS [23]. In

this reaction, the D} decays into " and a quark pair
s§ which hadronizes in two mesons in isospin 1=0. The
TS emerges from the decay mode D — mt(KTK*~ +
K°K*?) followed by K* —7n°K and KK merging into the
a0(980) (the isospin-allowed mode). The mechanism pro-
duces a TS at around 1420 MeV of the invariant mass
of ma¢(980), M, (7°ay(980)) . The isospin-forbidden
DF — 7™ n°f;,(980) mode emerges from the lack of cancel-
lation between the K°K® and KK~ intermediate states
in the loops, and it is shown that the mode is enhanced
with respect to the isospin-allowed mode around the TS
peak.

Following this line of research, in this work we
present a different reaction, B — J/\7m°f,(980)(a,(980)),
in which the f,(980) production mode is also isospin-
forbidden. The reaction has different dynamics than
the Df — 7wt 7°f;(980)(a9(980)) but shares some fea-
tures concerning the TS. We also observe an enhance-
ment of dI'/dM,,(n°fy) and dI'/dM,,,(m°a,) around
M, = 1420 MeV, and the ratio of these two distribu-
tions also peaks around this value of the invariant mass.
These features are tied to the picture of the f,(980) and
a0(980) as dynamically generated states from the inter-
action of pseudoscalar mesons, and their experimental
confirmation will be relevant to gain further insight into
the nature of the low lying scalar mesons.

2 Formalism

2.1 The B°—J/PpK*°K° decay

We describe the B? — J/\m°f;(980)(a0(980)) reac-
tion. In a first step we show in Fig. 1(a) the basic decay
of BY into J/1(c€) and a pair of quarks s5. This mecha-
nism proceeds via internal emission [34, 35], and leaving
apart the bcW vertex, needed for the decay, the second
vertex, Wes, is Cabibbo favored. The next step consists
of the hadronization of ss to give a pair of mesons, which
is shown in Fig. 1(b).

Following the step of Refs. [35, 36], we can write

3
s(ﬁu+ad+§s)§=ZM3¢Mz’3, (1)
i=1

where ¢ runs over the quarks u, d, s, and M is the ¢g
matrix in SU(3). We can write the M matrix in terms
of pseudoscalar mesons, @, or vector mesons, V', as

1 1 1
— '+ —1n mt K+
NN KA AL 1 o
o= ™ AETtET ] @
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For reasons that will become clear later, we choose for
one M the matrix ¢ and for the other the matrix V' and
we get the possible combinations for s(tu+dd+ss)s,

_ 1 2
KK HROK 4+ (—ﬁnﬂ/;n’) o

*—Tr+ | Te*0Tc0 7i \/?/
K*~K*+K K+¢>< Ve 377). (5)

In the triangle diagram that we shall discuss briefly, the
KK* or K*K will convert into 7°f, or m’ay, which have
C-parity positive. This means that in order to get this fi-
nal state we must take the C-parity positive combination
of KK* and K*K, which under the implicit prescription
CK*=—K* that we use is given by

K K" +K°K*0—K* Kt —K*K°, (6)

or

and the process that we are interested in is
B —J/p(K K" 4+KK*-K*"K"—K*°K°). (7)

The strength of this process is obtained by using the
experimental branching ratio for

B? —J/WK°K ntt +c.c., |

¢ Jw -

b w s
( au + dd + 5s

s ®) s

Diagrammatic representation of B —J/1(c€)ss at the quark level.

which has a branching fraction [10, 37]
Br(B—J/PK K- mt +c.c.)=(9.3+1.3)x10~%.  (8)

In the experiment of Ref. [37], the K°t™ or K~n™ are
both producing the K*+,K*°, from where one concludes
that the rate for B —J/ApK°K*? is one fourth of the rate
of Eq. (8), since the complex conjugate part of Eq. (8)
equals the rate of B? — J/WKK-7tt. Since we are in-
terested in the strength of the amplitude for the process
of Eq. (7) with KK*,KK* having C-parity positive, we
assume that both C-parity positive and negative would
give the same contribution (we shall come back to this
point) and then conclude that

1

0 01 *0 — _
Br (BY—J /WK K**(K n+))0=+_8

(9.3£1.3)x10~. (9)
But, since K** —=K*m~ , K°n® with strengths 2, 3 respec-
tively, we have

Br (B! —J/WK°K™") :25(9.311.3) x107%. (10)

We also take the structure for the amplitude of this de-
cay, suited to the production of two vectors, as in Refs.
(38, 39]

1803/ pKOK*0 =Ce,(J/P) e (K7). (11)

As usual, we take the lowest possible angular momentum,
but we shall check the consistency later. The coefficient
C is obtained by comparing the strength of Eq. (10) with
the integral over the invariant masses of J/{PK*® and
K*°K°. We have [10]

d* Iy pyrceoco _ M (J/WK) My (KK SN~ e 12
dev(J/le*O)dMinv(K*OKO)_ (2m)38 M3, ZZ’ BSﬂJ/ﬂ)K*DKO’ ) (12)
The sum over polarizations of ‘tggﬂ J/WK*ORO ‘2 is given by

— M2 (J/PWK*)—m2,, —m2. 2

S g o [ =2 | Wi VP 7 Zmic) (13)
s 4m3,, Mo
Thus, B ~

C? Br(B?—J/YK*K?) (14)

1 d2FBg—>J/1bK*DRO

Ty / dM,,, (3 PK=0) / dM,,, (K*0K°) —

C2 dM,,, (J/YK0)dM,,, (K0K°)
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Fig. 2. (color online) Mass distributions dFBgHJ/Q,K*oRo/dMim,(K*OI_{O) and dFBSHJN}K*oRo/dMinv(J/le*O) as
functions of Min, (K*°K®) and Miny (J/WK*?), respectively. The data are taken from Ref. [37] and scaled to agree
with the calculated mass distribution [dlz0_.;/yk=0g0/dMiny (K*OKO)]/FBg.

dI'go *0 K0
. BO—J/$pK*OK .
If we want to obtain W we lntegrate the

double differential width over dM,,,(K**K°) and con-

versely, if we wish to get % we integrate the
double differential width with respect to d M., (J/PK*?).
The limits of the integration are given by the PDG [10].

Experimentally we have these two mass distributions
in Fig. 10 of Ref. [37], and one finds a peak around
1500 MeV in the K*K mass distribution, which cannot
be obtained from the structure of Eq. (11). The struc-
ture indicates that there is a term like the one in Eq. (11)
and another one that would come from the interaction of
K*K to give a resonance around 1500 MeV. Consistent
with the implicit s-wave for K*K given by the structure
of Eq. (11), we take the f;(1510) resonance and a struc-
ture of the type

t50 s pi-ogo =Ceu(J /)€ (K*) F (M (K*K?)), (15)
where

M, T,

F(M.. (KOR%) =1 _
(Mo ( ))=Ha (KOK%)— Mg +iM, I,

e (16)
and fit the parameter “a” to get the shape of the exper-

imental mass distribution of Ref. [37]. Then, we have no

dI'50_, 5/ K*0KO
fr m for — o=/ WK
eedom for o)

Taking into account Egs. (15) and (16), Eq. (13) is re-
placed by the same one multiplied by |F (M, (K*°K°))2.

In Fig. 2, we show both K**K® and J/{pK*® mass
distributions compared with experiment.

We take My =1518 MeV and I =98 MeV compat-
ible with the data of the PDG [10] and the parameter
a=—1.2 to agree with the data in Ref. [37]. We see that
we account for the bulk of the K*°K° data, and the mass
distribution of J/\WK*°, which is not fitted, agrees well
with the data. It is clear that the K*°K° mass distri-
bution in Fig. 2 also has some resonance-like structures

around 1750 MeV and 2100 MeV, but their strength is
much smaller than at the peak of 1518 MeV and there is
also some extra strength around 1600 MeV. We neglect
these higher resonance contributions, but it is clear that
we account for most of the strength of the distribution.

Since the structure proposed provides a reasonable
description of the data, we can see that the reaction
0~ —17170" (s-wave) respects parity. Inasmuch as C'P
is a very good symmetry in weak reactions, if parity is
conserved, so is C parity. Since B is an equal mixture of
CP positive and negative, we must also expect an equal
mixture of C'P positive and negative for KK* and KK*,
and with P also conserved, an equal mixture of C parity
states.

2.2 Triangle diagram mechanism for B? —
J/PpmPiy(ag)

In the former subsection we studied the B? —
J/PK*°K® decay in order to estimate the strength of the
transition of Eq. (7). Next we show how the J/(p7°f;(a)
is produced using this input. We look now into the re-
lated, and unavoidable, mechanism depicted in Fig. 3.
In this mechanism, the B decays into the J/\PKK* (or
K*K), the K* (or K*) decays into 7K (or 7tK), and then
the K and K merge to give the a,(980) or £,(980) in the
final state.

The evaluation of the diagrams requires the use of the
K* — K7 amplitude, which comes from the vector(V)-
pseudoscalar(P)-pseudoscalar(P) Lagrangian

Lyvrp=—1g([®,0,P]V*"), (17)

with () the trace in SU(3), g= JQWTZ, my ~800 MeV the
vector mass, f, =93 MeV the decay constant of pion,
and @ and V given by Egs. (2), (3). The K**—7n°K® and

K** — m°K° amplitudes, stemming from Eq. (17), have
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© Sfo(ag)
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P:pBg—PJ/w-

opposite signs, and the same happens with K** —m°K+
and K*~ — m°K~. Hence, diagrams Fig. 3(a) and 3(c)
with the minus sign give the same contribution and so
do Fig. 3(b) and 3(d) with the minus sign. Should we
have the C-parity negative K*K combination the (f)l

/J//V/

K™ (¢

K™((P -gq fo(k)

K*(P—q~k)

) Sfo(ap)

B (P ) ”(k)

K (P-q—k)

@) Sfo(ap)

Triangle diagrams for the BY — J /{m°fy(ao) decay. The parentheses give the momenta of the particles with

sign would be replaced by a (4) sign and the diagrams
would cancel, as it should be since 7t°f,, °a, are C-parity
positive.

For the amplitude of the diagram of Fig. 3(a) for n%a,
production, we obtain

d*q i i
—it = —iCe,(J inv (7T H(K*O - -
¢ 1Ceu(d/ ) F (M ( aLO))/(27I)46 ( )qQ—mf—(ﬁ—zs (P—q)?—m3..+ie
7: . g v * .
! (P—q—k‘)Q—mf(O—&—iE (71)ﬁ (k7P+Q+k)ue (K 0)(72)9%,}(0}?07 (18)
where g,, kogo is the coupling of the a, resonance to | t = Ce;(J/P) F (M, (°a0))
K°K?, and P°=M,,,(m°a,) in the n°a, rest frame. B ' q 1 1
By taking the ay(980) mass slightly above the KK X’/ (2m)* 2—mZ,+ie (P—q)?—mZ ., +ie
threshold to apply Eq. (18) of Ref. [4], we find that there 1 g
is a triangle singularity for this di t M (080 ) ~ : Uitq); = g oxo. (19
is a triangle singularity for this diagram a (m°a,) (P—q—k)z—mf<0+i€( +q); \/ig o k0R0- (19)

1424 MeV. The singularity turns into a finite peak
around that mass where most of the strength of the
mechanism is concentrated. We take advantage of this
fact because then, recalling that the TS places the in-
ternal particles on-shell, the on-shell K*® momentum in
the loop in the frame of n°a, at rest is 163 MeV /c. This
allows us to ignore the €® component of K*°, which only
introduces corrections of order (pk-/mk-)? with a coef-
ficient that renders this correction smaller than 1% (see
appendix of Ref. [39]). Then ¢ of Eq. (18) becomes

Next, as done in Refs. [4, 32], we perform the ¢° in-
tegration analytically, leaving a d®¢ integral to be per-
formed numerically. In addition, since k is the only mo-
mentum not integrated in Eq. (19) (we evaluate ¢ in the
rest frame of ma, where P=0 ), we can replace [d*qq"--
by Efd3q‘§—§-~- and then ¢ of Eq. (19) can be rewritten
as

g
t=C——
V2

1 1

Gay, K0K0€(J/w) kF( Jlrl\/(7t a‘O))tT7 (20)

. d3 1 1
with &p = 3 - —
(271)% Bwko Wk =0 WRo kO —wico —wicso+i

2M;p (T[an)wKO —|—2/€0wKo —2(wf<o “+wko ) (wKo FwWg 0 +wgo )

X

K*0
2

M, (T0a0) +wio+wio —kO M, (M08ag) —wio —wko —k0+ie

M (1020 ) —wic <0 —wigo +i

I'ex0
2

(21)

Tk
2+q——_2 )
k
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where
wro =1/ > +m%o, (22)
wio =1/ (§+k)2+my, (23)
wK*D:\/q_?‘f'm?(*o; (24)
Lo M (o) +m3s —m, (25)
2Minv(7'[0a0) ’
S AY2(ME (mPag),m2y,m?2
=X Ml 00) o i) )
2 M, (%)

2.3 Invariant mass distribution

The invariant mass distribution for 7°a, is given by

dr 1 pJ/lI)ﬁT[O 2
t
T (a) ~ @ iz, 211

pol

(27)

with

> ltf= 02—9% woio [t |” [B? [ (Miny (n20))*, - (28)

pol

and
)\1/2( BO,mJ/w,Mlnv(n ao)) %
LONY2 (M2 (ag),m2e, m2
ﬁnoE“fI ( 1nv( 0) mﬂn mao) (30)
2Minv(7[03'0)

Next we consider that the ay will be seen in the 7’1
mass distribution for the decay of the a; and look at the
double differential mass distribution in M,,,(7°a,) and

M, (7°n). This is done in detail in Ref. [38] and we
write the final result given by
1 d:r
FBQ dMinv(ﬂOaO)dMinv( O )
L v
~ P abg, Y I T 29 117
|tK0I_<°,7T°n| |F(va(7'[ aO))|27 (31)
where no 152:0 . (14), and tgogo o, is

the scattering amplitude for K°K®—7°n which is calcu-
lated using the chiral unitary approach [40], but keeping
the masses of the K°,K* different, which introduces some
isospin breaking in the PP — PP scattering amplitudes.
In Eq. (31) the momenta are given by Egs. (26), (29),
replacing m? with M3 (), and

N2 (M, (), ma m2)
qn 2]\'4inv (TEOTI)

(32)

So far we have only considered the contribution of
the diagram of Fig. 3(a). We must consider explicitly
the contribution of diagram Fig. 3(b) and multiply by
two to account for Fig. 3(c) and 3(d). This is done re-
placing trtkogo 0, by

tTtKORO,ﬂOn — 2{tT (KO,KO,K*O ma, _>va( ))'tKOKO,HUn(Minv(T[On))

b (KKK, 1y — Mo (1) i o (M (7)) -

The production of the f,(980), which is related to the
7ttt channel, proceeds in the same way. If we look
into the 7wt~ decay channel, all we must do is to re-
place 7’n in Egs. (31) and (33) by "7, substituting
M, (mPa0) — M, (1°f;) and

V(M2 (et ), m2, m. )
2 M (TetTe)

Gy = Gn-= (34)

3 Results

As we have mentioned, we expect the TS to appear
at M, (may) or M, (n°fy) ~ 1424 MeV. In Fig. 4
we show the double mass distribution as a function of
M (R) (i.e. M, (t"n) or My, (mt7m™)) for fixed val-
ues of M, (n%ag) or M, (7°f;). We take three values
around the peak of the TS, 1320 MeV, 1420 MeV and
1500 MeV.

As we can see for M;,, (m°R)(R=ay,f,) at 1420 MeV,
we get a large strength for a, production as well as fy,
compared to the other two M, (7°R) masses, which are

(33)

|away from the TS invariant mass. The effect of the TS
can be more clearly seen in Fig. 5, where we have in-
tegrated the double mass distribution over M;,,(R) (i.e.
M, () or My, (tt7t)). For the sake of comparison
we have taken the range M;,..(R)€[950 MeV,1050 MeV].
The results of 3 ( OR) are shown in Fig. 5 and we ob-

serve that both the m°a, and 7t°f, mass distributions have
a clear peak around M;,, (m°R)=1420 MeV.

In 7m°a, production there is a bump around
1420 MeV, clearly attributable to the TS, while we also
observe a neater peak around 1500 MeV, whose origin is
obviously the resonance shape of the original K*K pro-
duction shown in Fig. 2. Curiously, in the 7t°f;, produc-
tion the situation is reversed and the peak appears at
1420 MeV, while at 1500 MeV there is just a soft bump.
This means that the TS is very effective at enhancing
the isospin forbidden 7°f, mode.

From Fig. 5, we can also take the ratio of dr

dMjyy (0f0)
Versus m, which we show in Fig. 6, and we see
that this ratio also peaks around the mass of the TS,
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although shifted a bit to lower invariant masses. The
resonant shape of the K*K production has no role in this
ratio, because the factor |F(Mi,, (7°R))|? is the same in
the two distributions and cancels in the ratio. In other
words, the TS enhances the isospin violating mode 7t°f,
in absolute terms, but also relative to the isospin allowed
m%a, mode.
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A0 3 /g0 pt nm
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@ dM;, (19fg)d M, (mt7t—)
Miny (") or My (ttn™) for fixed values of
V5 = Miny(mag) or Miny(n°fo) as 1320, 1420
and 1500 MeV, respectively. Note: in this fig-
ure, the label of the longitudinal axis is Ay =
d®I0 5/ n0R

1 —2 .
Tg Ay (ROR) ANy () MV - The inset mag:-
nifies the Miny (t771™) distribution at fixed \/s=

1320 MeV.

It is interesting to see the sources of isospin violation.
They are tied to the differences of the K°, K* masses, but
they influence both ¢1 in the triangle singularity as well
as the two-body scattering matrices t;; for KK — 7t°n

and KK — mttr~. To show the effects independently,
we take the middle mass M,,(7°R) in Fig. 4 and show
the 7°f, production in two cases: One assuming equal
K masses in the evaluation of the KK — n’n,mtnn~ am-
plitudes (isospin symmetry in the meson scattering am-
plitudes) and keeping different K masses in the triangle
loop evaluation, ¢, and another case in which we take
equal K masses in tp but different masses in the meson
amplitudes. The results can be seen in Fig. 7, where the
“Total” line contains isospin violation both in ¢+ and t,;,
same as in Fig. 4.
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Fig. 5. (color online) dI'/dMin (nag) and
dF/dMinv(ﬂofo) integrated over the respec-
tive ag and fo mass distributions (see text).
Only the m"n~ mode of f; and n'n mode
of ap are considered here. Note: in this
figure, the label of the longitudinal axis is

dIgo 0
_ 1 B —J/ynPR —1 .
Ay = g~ @My (ROR) [MeV~"].  The inset

magnifies the °fy distribution.
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Fig. 6. (color online) Ratio of dI"/d Miny (n°ag) and
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fo,a0). Note: in this figure, the label of the longi-
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We can see that both effects are important and they
add to the total amplitude producing 7°f,. These re-
sults are similar to those found in the study of the
Xe1 — m1(980) (™) and x. — 7may(980)(7°n) in
Ref. [41]. In the figure one can observe two structures to
the right of the invariant mass distribution correspond-
ing to the KtK— and K°K° thresholds.

It is interesting to compare the behavior of Fig. 6
with what we should expect if there is no triangle singu-
larity. For this purpose we use the same formalism but
artificially change the mass of the K* to 300 MeV and
its width to zero. This guarantees that when K and K
are close to on-shell to produce the f, or ay, the K* is
far off-shell and acts as a point-like interaction. Then we
would have a mechanism as depicted in Fig. 8.

foa)
Fig. 8. Effective mechanism resulting from taking

the K* far off- shell in the diagram of Fig. 3, re-
ducing the K* mass to 300 MeV.

The result for the new ratio can be seen in Fig. 9.
The results are interesting. We can see that the ratio
is practically constant between 1300 MeV and 1500 MeV.

It ranges from 9.3x1073 to 10.2x10~3 in that range, while
in Fig. 6 it changes in a factor two in that range. Note
also that in Fig. 6 the results are about a factor six big-
ger than in Fig. 9, indicating the importance of the TS
inducing the isospin violating mode of 7t°f,,.
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Fig. 9. (color online) Ratio of dI"/d Miny (1°ag) and
dF/dMim,(T[Ofo) as a function of Mim,(TEOR) R=
fo,a0), taking mx+ = 300 MeV, which makes
the TS disappear. Note: in this figure,

the label of the longitudinal axis is Az =
drs AL50_ 5/ n0aq

BO—J/y 0%
dMipy (0f0) dMipy (0ag) *

Finally, in order to estimate the total rate for BY—
J/bn’fy and B] — J/Ppmag, we integrate 5 oms
in Fig. 5 over the m°R invariant mass in the range
[1200MeV,1600MeV] of invariant masses of the figure

and we find
Br(BY—J/yn'fy, fy—mtmn)=2.2x1077, (35)
Br(B°—J /prlag) =4.9%x107C. (36)

If we take into account the 7°7° decay channel of the
£,(980), which is one half of the mrn—,

Br(B°—J /Apn’f,)=3.3x107". (37)

These rates are within present observation capability at
LHCb.

4 Conclusions

We have made a study of the B? —
J/p7°£,(980) (a0(980)) decay which proceeds via a tri-
angle mechanism in which there is first the decay
B? — J/WK*K or B? — J/PK*K and posterior fusion
of KK to give the f,(980) or a,(980) resonance. The
primary process at quark level is B? — J/1s5, with the
ss hadronizing into K*K—K*K, which guarantees isospin
I=0 for this combination. This means that the isospin-
allowed 'R (R=fj,a,) final state is 7°a,, while the n’f,
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mode is isospin-suppressed. Yet, the explicit considera-
tion of the K*,K° different masses gives a contribution
for J/P7°f,(980) at the end, with a shape for the f,(980)
in the "7~ mass distribution tied to the difference
of masses of K*,K° and, hence, much narrower than
the standard f,(980) shape seen in the isospin-allowed
modes. This shape and strength are tied to the dynam-
ically generated nature of the {,(980) and a,(980) as
coming from the interactions of pseudoscalar mesons.
The shape obtained for this isospin-suppressed mode
is in agreement with other experiments where the f; is
also obtained with isospin-violating mechanisms. The
novelty in the reaction proposed is that the triangle
mechanism develops a triangle singularity at an invari-
ant mass M,,, (7t°fy) of about 1420 MeV. Around this
invariant mass the production of both the J/\p7°f, and
J/Ppm®a, modes are enhanced, and more notably the ra-
tio of the J/Y7°f, to J/mla, production also shows a
peak around the triangle singularity point. This evi-
dences the role of this triangle singularity in reinforcing

isospin violation in the reaction. We also showed that
the isospin-violating amplitude has two sources, one from
the consideration of the different K masses in the trian-
gle loop, and the other from the isospin violation in the
meson-meson amplitudes, coming again from the consid-
eration of different meson masses in the coupled channels
unitary approach used to generate these amplitudes.

Using experimental input from the B? — J /W K*K+c.c.
decay, we can make absolute predictions for the branch-
ing fractions of BY — J/Pm°f,(980)(a0(980)) and find
them within measurable range.

The predictions made, and their accessibility within
present experimental facilities, should give a strong mo-
tivation to perform these experiments, which will provide
valuable information on the nature of the low lying scalar
mesons.

One of us, S. Sakai, wishes to thank the Generali-
tat Valenciana in the program Prometeo 1I-2014/068 for
support.
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