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Triangle mechanism in the decay process J/y —» K~ K*a;(1260)

Xuan Luo, Dazhuang He, Yiling Xie, and Hao Sun )

Institute of Theoretical Physics, School of Physics, Dalian University of Technology,
No. 2 Linggong Road, Dalian, Liaoning 116024, People’s Republic of China

® (Received 22 August 2021; accepted 21 September 2021; published 19 October 2021)

The role of the triangle mechanism in the decay process J/w — K~K"a,(1260) is probed. In this
mechanism, a close-up resonance with mass 1823 MeV and width 122 MeV decays into K*¢, K* — K=
and then K*K fuses into the a, (1260) resonance. We find that this mechanism leads to a triangle singularity
around M;,, (K~ a;(1260)) ~ 1920 MeV, where the axial-vector meson a;(1260) is considered as a
dynamically generated resonance. With the help of the triangle mechanism we find sizable branching ratios
Br(J/w —» K~K*a,(1260),a; — zp) = 1.210 x 107 and Br(J/w — K~ K*a,(1260)) = 3.501 x 107>,
Such an effect from the triangle mechanism of the decay process could be investigated by such as BESIII,
LHCD and Belle-II experiments. This potential investigation can help us obtain the information of the axial-

vector meson a;(1260).
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I. INTRODUCTION

Researchers have shown an increased interest in triangle
singularities which were first researched by Landau [1,2] in
the 1960s. A considerable amount of literature [3—7] has been
published on triangle singularities which are essentially
brought about triangle loop Feynman diagrams where an
external particle 1 decays into A and B particles, internal
particle B decays into particle C and an external particle 2,
and then particles A and C fuse into an external particle 3. To
produce triangle singularities, according to the Coleman-
Norton theorem [6], the process can occur classically and
then all three intermediate particles must be put on shell and
be collinear simultaneously. If there is zero width for all the
internal particles, the loop integral turns out to be infinite (see
e.g., [8]). Nevertheless, particle B has a finite width since it
can decay to particle C and 2, which leads to a finite peak in
the invariant mass distributions. This peak can be accessed in
experiments. Instead of evaluating the whole amplitude of a
Feynman diagram including a triangle loop, there is a more
simple and practical way addressed in Ref. [9] to find the
position of a triangle singularity. The condition for producing
a triangle singularity is just q,, = q,_, where ¢, is the on-
shell momentum of particle A or B in the particle 1 rest frame
and g, defines one of the two solutions for the momenta of
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particle B when B and C are on shell to produce particle 3.
Previous research [9] has established a convenient way to
handle the triangle mechanism method. A considerable
amount of literature has been published on the triangle
mechanism. Searching for a reaction showing a peak due
to the triangle singularity fails at the beginning. In 2015, the
COMPASS Collaboration reported a peak at 1420 MeV for
the invariant mass of the final state zf,(980) [10]. Soon the
peak was explained as a triangle singularity corresponding to
the 7f((980) decay mode of a;(1260) resonance [11-13].
Another consideration of the triangle mechanism lies in the
abnormally enhanced isospin violating process 7(1405) —
7f(980) compared to the process 7(1405) — may(980)
[14]. This abnormally enhancement is suggested due to the
triangle singularities [15-19]. Also, to clarify an enhance-
ment in the KA(1405) invariant mass distribution of the
yp — KA(1405) at about /s =2110 MeV [20], the
authors of Ref. [21] tied the peak to a triangle singularity
coming from a resonance N*(2030) dynamically generated
from the vector-baryon interaction. In addition, there are a lot
of research examples where the triangle mechanism plays an
important role [22-43].

In Ref. [44], the K*K peak related to the a;(1420)
demonstrates that £ (1285) can decay into the K*K + c.c.,
and there is a triangle singularity enhanced-decay mode
nay(980) for the f(1285), where f(1285) - K*K, K* —
7K and then KK — a,(980). In this paper, we focus on the
reaction process J/w — KKa,(1260),a, — n*p~, where
a,(1260) is viewed as a dynamically generated resonance
using the chiral unitary approach [45,46], i.e., it can be
described as a quasibound state of dihadron in coupled
channels. The a;(1260) has been probed in the radiative
decay process which is viewed as dynamically generated
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hadron state [47—49]. The a,(1260) resonance is inves-
tigated in a three-body 7 lepton decay process where the
triangle mechanism plays a important role. Recently, the
authors in Ref. [50] probe the strengths of the a;(1260)
photoproduction in the yp — a;(1260)*n and yp —
#tatx7n reactions via the m-exchange mechanism. We
reach a peak of the invariant mass M;,,(K*a;) at around
1920 MeV by applying the triangle mechanism, where a
close-up dynamically generated resonance decays into
K*¢, K* - Kr and then K*K fuses into the a;(1260)
resonance. We apply the experimental data of the branching
ratio of the decay J/y — KK*¢ to determine the coupling
strength of the J/wKK*¢ vertex. For the a; K~ K** vertex
inside the triangle loop of the decay process, we apply the
chiral unitary approach by viewing the a;(1260) as a
dynamically generated hadron state. The branching ratio
of the underlying decay process is obtained. Similarly,
research [22] predicted a f,(1810) triangle singularity,
coming from a nearby f,(1640) going into K*K*,
K* — Kz, followed by K*K fusing into a;(1260). The
J/w — KKa,(1260), a; — n*p~ process we suppose is a
practical example of a physical process where the triangle
mechanism can work. We also perform a quantitative
calculation of the triangle loop amplitude #7.

This paper has been divided into four sections. Section II
deals with the calculation framework and formalism for
working out the decay amplitude of J/y — KKa,(1260),
a, — n"p~ including the triangle mechanism. In this
section, the vertex coupling involved in the tree-level process
J/w — K*K¢ has been calculated where we have intro-
duced a dynamically-generated resonance propagator. In
Sec. III we give out the numerical results related to the
triangle singularity around 1920 MeV and then make a
discussion about them. Also, the corresponding decay
branching ratios have been obtained. We reach our con-
clusion in Sec. IV.

II. FORMALISM

We plot the Feynman diagrams of the decay process
J/w — K~K"a;(1260) involving a triangle loop in Fig. 1,
where the meson J/y first decays into two vector mesons
¢, K* and a pesudoscalar meson K, and then the meson ¢ is
converted into K and K. The K can move faster than K*, so
they can combine to generate the a;(1260). Finally, we
consider that the a;(1260) continues to decay into z*p~
final states.

We take Fig. 1(b) for example to perform the following
discussion since Fig. 1(a) and (b) have nearly the same
amplitude. In order to find the position of triangle singularity
in complex-q plane, analogously to Ref. [9,21,51], we use

M(s. M3 M)

S W

q(:,:l — qi’ and q(j»n =

J/y

J/y

FIG. 1. The Feynman diagrams of the decay process J/y —
K~K"a,(1260),a, — " p~ involving a triangle loop.

where the ¢3" is the on-shell three-momentum of the K** in
the center of mass frame of ¢K**, s denotes the squared
invariant mass of ¢ and K**, and A(x,y,z) = x*> +y> +
72 — 2xy — 2yz — 2xz is the Kihlen function.

Meanwhile, g can be obtained by analyzing the
singularity structure of the triangle loop, which is given by

gt = y(WEg++ — py..) — i€ (2)
with definition
k 1 E,
V= s }/ = = s
Ea| v1-— 1/2 ma]
m%l —l—miw —m%_ . A%(mgl,M%(_,M%H)
E‘I{*+ = ) pKH» =
2my, 2m,,

(3)

where Eg-+ and py., are the energy and momentum of the
K*T meson in the center of mass frame of the K* ¢ system,
v and y are the velocity of the a; and Lorentz boost factor,
respectively. In addition,

E o s+ mi —mk- k:/ﬁ(s,m(zl],m%{f)
“ 2./s ' 2/s ’
When Eq. (1) is established we need to consider the case
that all three intermediate particles in the triangle loop are
on shell and the angular z between momentum ¢ and £ is
taken as z = —1, i.e., the momentum of particle K** is
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antiparallel to the momentum of the a;(1260) in the
K*TK~ center of mass frame. Now, by letting the mass
of the a;(1260) be slightly larger than the mass sum of K*
and K mesons and applying Eq. (1), one can find a triangle
singularity at around /s = 1920 MeV keeping K*© =
891.66 MeV and K~ = 493.68 MeV [52] in mind. If we
use in Eq. (1) complex masses (M —il'/2) of vector
mesons which include widths of K* and ¢ mesons, the
solution of Eq. (1) is then (1920 — 48i) MeV. This solution
implies that the triangle singularity has a width of 96 MeV.

A. The decay process J/yw - K~ pK**

Before writing the whole amplitude of the Feynman
diagram in Fig. 1(b), the generalized vertex V,/, g-4x++
needs to be calculated first. Experimentally we have the
K* ¢ invariant mass distribution in Fig. 10(a) of Ref. [53].
One can find a broad peak around 1800 MeV in K*¢
invariant mass distribution. This structure indicates that
there should be a better form factor in the one to three
amplitude range, which comes from the interaction of K*¢
to give a resonance of around 1800 MeV. This structure is
somewhat important since if we do not add this structure in
the one to three vertex, after carefully calculation one can
not find a clear singularity in K*a;(1260) invariant mass
distribution of J/w — K~K*"a;(1260) decay process. In
that case, the clear peak of K*a,(1260) in |t;|* will be
expunged by the phase space and kinematic factors in the
total J/y - K~ K" a;(1260) decay process.

Now we introduce some kind of propagator X that can
decay into K*¢. The process then becomes J/y —
K=X — K~¢K**. Under conservation of strangeness, iso-
spin, and spin for X — K*¢, the low-lying vector meson X
should satisfy strangness = 0, isospin = 1/2, and spin = 1.
In Refs. [54,55], the vector meson K (1650) is well regarded
as dynamically-generated state from the vector-vector inter-
action which corresponds to the pole position (1665,—-95).
It is supposed to couple with two vector mesons such as
K*p, K*w, K*¢. However, the width of K (1650) is not very
large and the mass of K (1650) is somewhat far away from
the K*¢ threshold which results in a small possibility of
decay from K;(1650) to K*¢ final states. Alternatively, a
pole position (1823,—61) was reported by applying a differ-
ent subtraction constants, a = —3.1 [55]. This potential K
state has a suitable width and its mass 1823 MeV is close to
the K*¢ threshold. Also, its coupling from K*¢ shown in
Ref. [55] is relatively large. On basis of the above consi-
derations, we choose this reported pole of K; type as the
propagator X, which has a resonant shape

M XFMX
M. — M3 + iMxTy,~

F(My-y) =

(5)

where My, Ty, are taken by 1823 MeV and 122 MeV,
respectively. The J/y — K~ ¢K*T decay amplitude can then
be written as

=ity kg = —iCeijpe;(J/y)e;(dh)ex(K*)F(Mge+y).

(6)

The coefficient C is obtained by comparing the calculated
J/w = ¢K~K** decay branching ratio with those from the
experiment. Note that the amplitude in Eq. (6) is a bit rough,
since we have neglected all the other contributions to the
process, such as resonances that couple to each pair of the
three final-state mesons. In Refs. [53,56] the decay branching
ratio for J/y — ¢K*K +c.c. is (2.18 +0.23) x 1073,
Here, we only focus on the J/y — ¢K~K*T process and
the relation between above the two-decay branching ratio is

Br(J/y - K K*") = %Br(]/l// - ¢K*K +c.c.). (7)

The differential decay width over the invariant mass
distribution K**¢) can be written as

dUy gk _ 1 ke || kg~
dM (K** ) (27)°  16mj3
* Z|tj/y/_,¢K7K*+ 2dQ}*+dQK*, (8)
where m; is the mass of J/y, l?fw and Q.. are the

absolute value of the K** three-momentum and the K**
solid angle in the center of mass frame of the final K**¢

system, respectively. Whereas, |I_<’K—| and Q _ are the
absolute value of the K~ three-momentum and the K~
solid angle in the rest frame of the initial J/y meson,
respectively. To perform the calculation in Eq. (8), we use
the polarization summation formula

> eu(Plen(p) = —gu + 15 ©)
pol

Then one can obtain

c? __ Br(J/w - ¢K K") (10)
Do [ dMin, (K ) ‘Gt

B. The role of triangle mechanism in the decay
J/w > K K*a(1260),a; - x*p~

In the previous subsection we calculated the transition
strength of the decay process J/y — K~¢K**. Now we
focus on the triangle diagram amplitudes required by
J/w - K K"a,(1260), a; — xtp~ process. The Feyn-
man diagrams are shown in Fig. 1 where J/y decays into
¢K*K, the ¢ decays into KK, and then the K* and K fuse
into the @, (1260). The particles’ identification and momen-
tum information are labeled in the diagrams. This triangle
mechanism can take place as long as the a;(1260) couples
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to the K*K pair, thus the triangle singularity induced decay
process can be used to gain valuable information for
the a,(1260). Finally, the a,;(1260) decays into z*p~.
At the beginning, we need to evaluate the pK K~ vertex
for Fig. 1(b) which can be obtained from the vector-
pseudoscalar Lagrangian
Lypp = —ig{V*[P,0,P]), (11)
where the () represents the SU(3) trace. The coupling

constant g, vector meson mass, and the decay constant of
the pion are taken as [57]

My, =800 MeV,  f, =93 MeV. (12)

The V and P in Eq. (11) are the vector-meson matrix
and pseudoscalar-meson matrix in the SU(3) group,
respectively [58]

P= % R R K°
K- K° —Z+ \/%'I’
EtE o KT
V= o _%+\% K0 . (13)
K+ [_(*0 ¢

The total amplitude of the J/yw — K~K'a; decay
process as shown in Fig. 1(b) can be written down directly

—it = —iCF(K~ay)e (] w)e;()er(K*)

d* i
. / (2m)*q* —mA., + img Ty
i i
(P—qP —m} +imyTy(P—q—k? —my- +ie
(@) (=iga, k+x-)e(K*) - e(ay),
(14)

“(=ig)(pk+ — Pk-) "

where the g, g+~ is the coupling of the a;(1260) to
K**K~,and P° = M,,,(K*a,) in the K*a, rest frame. We
have assumed that only the spatial components of the
polarization vector of vector mesons are nonvanishing,
which leads to the vanishing zero component of the
polarization vector and the completeness relation for
the polarization vectors written as

> _eulp)ep

pol

pypv

_5;41/+ (15)

where i, j are Lorentz indices from 1 to 3. In Eq. (14), after
integrating over g only the vector k remains, therefore, for
a function f(g. k) we have

[ @das@n - ak.
/d3*||2f<> (16)

Considering Eqgs. (15) and (16), Eq. (14) can be simpli
fied as

d*q 1
(27)* ¢* — m.. + img-Tg-

t= CFSijk€i(J/l//)€k(al)i/
y (2k + q) ;9 Ga, k& 1
(P —q)* —my + imyLy (P — q = k)* — my- + ie
= iCF(Miny (K" 1)) 990, k+ k-€ijx€:(J /W) er(ar)k;tr.
(17)

where the zero component of ¢ integration in Eq. (17) has
been performed analytically by residue theory, leads to a
three-dimensional loop intergral 77 which can be inte-
grated numerically

. / @ 1 1
r= (27[)3 SG)K70)¢(A)K*+ kO —Wg- — (0¢

1
X
Minv(K+al) + Wi+ + wg- — ko
1
X
MinV(K+al) W+ — Wg- _ko +l K*+

2M (KT a) ) wg+ + 2k0wg-
[vaw “ay) g — o + 1+ 15
2(wg+ + wg-)(wg+ + @y + 0k-)
_Minv(K+al) Wy — O+ + 1 ¢+l K*J

=7
x <2+q7), (18)
k
with

wg =T A ox =@ RP +
M? (K*ay) +m%, —m?
w =] L me K0 — Liny K a
a)K . q + mK - 2MIHV(K+a1> ,

Al/z(Miznv(KJral)’ m%(*’ mgll)
2Minv(K+a1)

X

k| =

(19)

The width of vector mesons K** and ¢ are taken as
[gw =48 MeV  and Ty, =4.25 MeV, respectively.
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The above integral is regularized with a cutoff ¢,,,, on the
loop integral |g|. We take gy, = 950 as in [59] to produce
a,(1260) in the chiral unitary approach. In the |7]? level we
need to sum over the spin structure of the external vector
mesons. Applying Eq. (9) we have

S eueiT/w)en(an)kiupe,d /w)e,(ak,

pol

1 2P 2(p - k)
_ (”2 (’;12)+61?>, (20)

3 mg, a

where p = P — k is the three-vector of the final (1260)
meson, and the mass of the a;(1260) is taken as
1230 MeV from particle data group [52]. Then the
distribution of invariant mass M;,,(K"a,) in the decay
J/w - K~K"a(1260) can be written as

1 dUyjyk-kra(1260) 1

\4K+||PK =2
t (21)
dMinv (KJral) (277: Z| |

4M>

1ﬂJ/l//

where M is the mass of the J/w meson. The three-
momenta |§x-| and |pg-| in Eq. (26) are given by

MP2(M3 (K ay), my.mg,)

|Gx+| =

2Minv(K+al) ’

PR MR (K ay))
= inv . 22
P " (22)

Then the differential branching ratio of the decay process
J/w - K~K"a,(1260) can be written as

1 dUyjy—k-k+a,(1260)
l—‘J/y/ dMinv(K+a1)

L gk llpe-| €

F* (M (KT ay ))gzgﬁl,m—

S (2n) 4AM® Ty,
1/25%K 2(-k)? -
X = ( PE (p2 ) +6k2) tr2, (23)
3\ mg, mg,

where the a;(1260) — K*K vertex is obtained from the
chiral unitary approach of Ref. [45] with g, gk =
2390 MeV. Furthermore, to perform the numerical cal-
culations, we choose the z-axis along the direction of the
vector k without loss of generality.

Now we add the final a,(1260) — z*p~ decay process
to our total amplitude. To calculate the 2 we need to sum
over the spin structure of the external vector mesons.
Applying Eq. (9) we have

Zgljks J/l// sk( ) J yyp ;t(J/W) ( )k

pol

2576 2(p kP |
= 6k 24
-3 ( m2 m2 + ’ (24)

P P

where p’ denotes the three-momentum of the final p meson,
and m, =782 MeV denotes the mass of the p meson.
Then we have

ZMZ CZFZ( mv K+a1

pol

)9 Ga,

1 <2p/2k 2(p' - k)>

Py 2 2
3\ m, m;

+ 61?) ltr2. (25)

After applying the calculation details in [27], one can
reach the double differential mass distribution in
Minv(K+al) and Minv(ﬂ+p_)

1 JZFJ/[,/—»K’K*aI(1260),a1—>n+p’
FJ/l// dMinv(K+al)dMinv(ﬂ+p_)

11 |py-llk| & =
= |F(Miny (Kt a) Pgltr %4,
4m (2r)° 4MP Ty, : e
1(2,3/21? 2(p - k)? a2>
X — - + 6k . |tK*+K7—>JT+ 7|2dgk,
3 mz m,z) i

(26)

where the coupling g, ,+,- has been absorbed into
tx++k-—ztp- denoting the isospin-one amplitude of the final
VP — VP scattering. This amplitude can be calculated by
solving the Bethe-Salpeter equation

1%
t= TV (27)
where G is the loop function given in [45], and Visa2 x 2
matrix of the interaction kernel, the two channels are taken
by 1 for K*K and 2 for pz. The corresponding transition
potentials come from the Lagrangian involving VVPP
coupling under the local hidden-gauge approach [45]

C
Vi=- ;2[3s—(M2+m + M"? +m?)
1
__ (MZ _ m2)(M/2 _ m/2):| , (28)
N

where the C;; are coefficients related to different particles
and isospin basis (S,7) [45]. M and m are respectively
vector and pseudoscalar mesons in channel i, and M’ and
m' are respectively vector and pseudoscalar mesons in
channel j. Also, after calculating the corresponding C — G
coefficient we have
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1

ZIK*I_(—VI/)' (29)

tK**K‘—ﬂz*/)_ =
The three-momenta |c:1p| and |pg-| in Eq. (26) are given by

AP(ME (ntp™). m2, m)

G| = = :

| p| 2Minv(7r+p )

- _ﬂl/z(szm%{_7M12nV(K+al)) 30
Px-| = I . (30)

In addition, without loss of generality, we choose the four
vector p’ of the final p~ meson as the z-axis, then there
exists a solid angle integral element ﬁko in Eq. (26)
according to the general three-body phase space integra-
tion formalism [52]. Finally, the integration range of
My (7t p7) is (mgr 4+ m,-, My, (KT ay) — mg-) as usual
and there is also a factor of four added in to the numerical
calculation due to the two Feynman diagram contributions
for the underlying process.

III. NUMERICAL CALCULATION

At the beginning, we present in Figs. 2(a)-2(c) the
absolute value, the square of the absolute value, the
imaginary part, and the real part of the triangle loop
amplitude 7, in Eq. (18) as functions of the K™ a, invariant
mass, where the invariant masses of final 7+ p~ states are
taken as 1300, 1350, and 1400 MeV, respectively. We focus
on Fig. 2(c) obtained by taking the invariant masses of
xtp~ alittle larger than the K~K** threshold (1385 MeV)
first. Note that in this case the smallest value of M,,, (K~ a;)
is about 1900 MeV (nearby the K+ a, threshold). From this
diagram we can see that there is a peak in |t7|* located at
around 1920 MeV with a width of 100 MeV. This width
mainly originates from the width of the vector propagators
K* and ¢, which is basically consistent with the prediction
of 96 MeV. It is also found from Figs. 2(a)-2(c) that as the
chosen mass of a;(1260) becomes larger, the width of the
peak in |t7]|* becomes larger. A bump in Im(z;) can be
found nearby 1920 MeV related with the triangle singu-
larity, which has been addressed in Refs. [26,31]. After
comparing with Figs. 2(a) and 2(b), we find that the

0.8pe=L . r . 1.2p8=— . r
— Im(tr) M,, = 1350 MeV — Im(t7)
M,, = 1300 MeV S Relty) - - Relty)
S —_ 7N\
0.6k / \.\ |fT|2*3*107- ool 7 N —— |tr]2*3%107 i
/ S / N tr

0 Il Il Il 0 0 Il Il =
1360 1900 2000 2100 : 1900 2000 2100
Min (K* a1)[MeV] Min/(K* a1)[MeV1]
(@) (®)
1.6pe=L r T
— Im(ty)
- M,, = 1400 MeV ~-~ Relty)
N, —= |tr]2*3%107
1.2F N i

...... |tr]

01%60-

SR T
2000

I 'l I
2100

Min (K* a1)[MeV]

©

FIG. 2. Triangle amplitude 7 as a function of M;,, (K" a;) for (a) Mi,,(z"p~) = 1300 MeV, (b) M;,,(z"p~) = 1350 MeV, and

(C) Minv(ﬂ+p_) = 1400 MeV. |tT

2|ty

,Re(#7) and Im(z7) are plotted using the green, red, yellow, and blue curves, respectively.
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strengths of the absolute value, the square of the absolute
value, the imaginary part, and the real part of the triangle
loop amplitude 77 become smaller as the M, gets smaller.
This suggests all these quantities can obtain sizeable
enhancement when M, is close to the K~K** threshold.
Also, the position of the peak in |t7|*> leaves basically
unchanged due to the triangle mechanism. We observe a
broad peak in Re(#;) nearby the K*¢ threshold which has
been suggested and discussed in Refs. [26,31]. Moreover,
the primary bump in Fig. 2(c) has converted into broad
bumps in Figs. 2(a) and 2(b) on account of the potential
deviation from the K~K** threshold required by the
triangle mechanism.

As shown in Fig. 3, we plot the differential branching

ratio of the underlying decay process 1l" v KWT[)Z 5MW<”+/},),

defined in Eq. (26), where the M, (7"p~) has been
integrated from (m,+ +m,) to (M, (K*a;) —mg-).
There is a clear peak around 1920 MeV as predicted by
the triangle mechanism. The strength of the differential
branching ratio can reach 2.4 x 1078 MeV~2. Additionally,
the upper part of the invariant mass distribution drops more
slowly than the lower part because of the polarized factor
in Eq. (9), which produces large contribution when
M, (np~) is large. We also plot the triangle amplitude
|t7| in Eq. (18) as a function of M, (z"p~) with
M, (K"a;) taken by 1920, 1940, and 1960 MeV in
Fig. 4, respectively. There is a peak near 1390 MeV in
all of these three cases which is the direct reflection of the
triangle mechanism; to obtain the triangle singularities, one
should let the M,,,(z"p~) slightly larger than the K~ K**
threshold. It is desirable to mention that there is a very
small reduction on the position of the peak as the
M, (K"a,) increases from 1920 MeV to 1960 MeV.
On the other hand, the distribution with the M, (K" a;)
taken as 1920 MeV has the largest strength which is
enhanced by the triangle mechanism. As the M;,,(K*a;)
increases from the position of triangle singularity, the

le—8
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Miny(K™ a1)[MeV]
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FIG. 3. The differential branching ratio T dVs (K ) )Mo (o)

described as in Eq. (26) as a function of M;,,(K¥a,). The
integration range of M, (7" p~) is given by the text.
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FIG. 4. Triangle amplitude |¢7| as a function of M, (z"p~) for
My (K*ay) = 1920, 1940, and 1960 MeV.

strength becomes lower and the width of the peak gets
larger.

Next, we show in Fig. 5 the differential branching ratio
%W described as in Eq. (26) as a function of
M (nTp~) for M, (Kta;) =1920, 1940, and
1960 MeV. We find that the M, (z*p~) distribution
around 1920 MeV has the largest strength over the three
cases, which is a natural result of the triangle mechanism.
Note that the position of the peak in the three cases
increases as the M, (z"p~) increases. The peaks of all
three distributions deviate from the K~ K** threshold due to
the contribution coming from the polarized factor involving
k* in Eq. (9).

Finally, we integrate out two invariant masses in Eq. (26)
in order to obtain the branching ratio of the total decay
process J/y — K~K"a(1260). The integration range of
Mo (K*ay) is (mg+ +mg ,my, —mgs —m, ), while
those for M, (z*p~) is (m, + my+ M, (K*ay)—

mg-). We find
1.0f:e=10 T T .
= 0.8F ./'/ . . L
L T,
I \
0.6fF ./ T e -
— Vi /// \\\\
— 4 Y
I 7 o B
204k M

sl 04T \y ]
: | 1%
N \t
e 0.2F —= Mip(K*a1) =1920 MeV R
—=- Mp(K*ay) = 1940 MeV A
..... Min/(K * a1) = 1960 MeV \
0.0 L L L
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Minv(n * 28 ) [ME’V]

FIG. 5. The differential branching ratio &~ ,(K*aif)ng» 3T

described as in Eq. (26) as a function of My, (z*p~) for
My (K*a,) = 1920, 1940, and 1960 MeV.
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Br(J/w - K~K*a,(1260),a, — ntp~) = 4.033 x 107°,
(31)

and then one can easily obtain

Br(J/y - K~K*a,(1260),a; — zp) = 1.210 x 107.
(32)

In addition, we obtain the decay branching ratio of J/y —
K~K*a,(1260) by using Eq. (23)

Br(J/y — K-K*a;(1260)) = 3.501 x 1075, (33)

These rates are accessible at BESIII within the observation
capability.

IV. CONCLUSION

The present study was designed to determine the effect
of the triangle mechanism of the decay process of
J/w = K~K"a;(1260). The results of this investigation
show that there is a triangle singularity around 1920 MeV
for the invariant mass M,,,(K"a,). The strength of the

1 d’r
r dMinv(K+al )dMinv<p_”+),

2.4 x 1078 MeV~!. We have applied the experimental data
of the branching ratio of the decay J/w — KK*¢ to
determine the coupling strength of the J/wKK*¢ vertex.
We also evaluate the triangle amplitude |z7| and the

. . . . 2
differential branching ratio i T
g rdlwin\'(l(Jral)dluinv<p ”+)

tions of M, (z*p~). There are deviations of all three
distributions in the latter from the K~K** threshold on
account of the contribution coming from the polarized
factor involving k?>. We hope that the future the LHCb,
Belle-1I, and BESIII experimental data will focus on the
J/w - K~K"a;(1260) process and clarify the role played
by the triangle singularities in this decay process, which can
provide valuable information for the low-lying axial-vector
mesons a;(1260).

reaches

differential branching ratio

as func-
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