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The decay of A} into z+z°A(1405) with the A(1405) decay into z°%° through a triangle diagram is
studied. This process is initiated by A7 — z+K*N, and then the K* decays into Kz and KN produce the
A(1405) through a triangle loop containing K*NK which develops a singularity around 1890 MeV.
This process is prohibited by the isospin symmetry, but the decay into this channel is enhanced by the
contribution of the triangle diagram, which is sensitive to the mass of the internal particles. We find a
narrow peak in the 7°Z° invariant mass distribution, which originates from the A(1405) amplitude, but is
tied to the mass differences between the charged and neutral K or N states. The observation of the
unavoidable peak of the triangle singularity in the isospin-violating A(1405) production would provide
further support for the hadronic molecular picture of the A(1405) and further information on the KN

interaction.
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I. INTRODUCTION

The possible role of a triangle singularity (TS) in
hadronic reactions has been studied for a long time.
The TS appears from a loop contribution in the decay
of particle 1 into two particles 2 and 3 through the
following process: at first particle 1 decays into particles
A and B, and particle A subsequently decays into particles
2 and C, and finally particles B and C merge and form
particle 3 in the final state. The TS was originally studied
in Ref. [1], and it was found in Ref. [2] that the TS appears
when the loop process has a classical counterpart; i.e., all
the momenta of the particles in the loop (particles A, B,
and C in the above reaction) can be placed on-shell and the
momenta of particles 2 and B are antiparallel. A refined
formulation based on Feynman diagrams and a simple
formula for the position of the TS were given in Ref. [3].
One should note that the singularity would be smeared by
the width of hadrons and appear as a broad peak in actual
reactions. This peak purely comes from a kinematical
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effect, and then we cannot associate this peak with a
resonant state. In Refs. [4-6], it was found that the
“a;(1420)” peak in the 7f((980) invariant mass distri-
bution with a p-wave pion observed by COMPASS
Collaboration [7] can be understood as a peak of a TS.
In this process, the triangle diagram is formed by the
a;(1260) decaying into KK* (K*K) with a subsequent
K* — nK (K* — 7nK) decay and merging KK to form
f0(980). The a;(1260) and the f,(980) have sizable
couplings to the KK* +c.c. and the KK channels,
respectively, because they are dynamically generated
through the coupled-channel effect of hadrons as studied
in Refs. [8-10] and [11-17] for the a,(1260) and the
f0(980), respectively. Actually, the large coupling of the
internal particles and the final-state hadron is crucial to
have a prominent peak of the TS. Nowadays, many
hadronic molecular states have been studied as summa-
rized in Ref. [18]. Because these states tend to have a large
coupling to their constituent hadrons, the observation of
the inevitable peak from the TS would provide further
clues to clarify the nature of the hadronic molecules. Other
than the “a;(1420)” the interpretation of the “f;(1420)”
and “f,(1810)” in the PDG [19] as a peak of the triangle
singularity was proposed in Refs. [20,21], respectively.
Furthermore, possible manifestations of the TS in the
heavy sector were investigated in Refs. [5,22-27].

On the other hand, it was found that the TS gives a
significant contribution to the isospin-violating process.
In Refs. [28-30], the role of the triangle diagram in the
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unusually large isospin-violating z°f;(980) production
from 7(1405) observed in BESIII [31] was studied. The
triangular diagrams formed by K*"K*K~ and K*°K°K°
contribute to this process because of the sensitivity of the
triangle singularity to the masses of the particles in the
loop diagram, and the TS can have a sizable contribution
in the isospin-violating process. It is noteworthy that the
shape of the f((980) resonance appears narrower than
observed in other processes because the resonance shape
is modified by the amplitude of the triangle diagram,
which gives the width with the order of the charged- and
neutral-kaon mass difference. Also, the line shape of the
zzr invariant mass distribution calculated with the triangle
diagram agrees with what was observed experimentally
[31]. Following these studies, the isospin-violating
f0(980) productions enhanced by the TS in the D] —
7 7%f(980) and BY — J/yn'f,(980) processes were
studied in Refs. [32,33], respectively.

In this paper, we focus on the isospin-violating Af —
7t 2% A(1405) process with the A(1405) decay into z°%°
from the triangle diagram. The triangle diagram is formed
by the decay of A} into z"K*~p (z*K*'n) followed by
the decay of K*~ — 7°K~ (K*® — 79K?) and the fusion of
the K~p (K%n) to form A(1405). From the formula of
Eq. (18) in Ref. [3], a singularity from the triangle
diagram would appear around 1890 MeV in the
79A(1405) invariant mass distribution. The A(1405) is
successfully described as a hadronic molecule [34-42]
and has a large coupling to the KN and the zX channels
(see also Refs. [43,44] and references therein for details).
The decay of heavy hadrons containing a charm or bottom
quark is an exciting field in hadron physics as summarized
in Ref. [45], and particularly the A(1405) production in
the Af, y.o(1P), and E, decays was studied in
Refs. [46,47], [48], and [49], respectively, where the
A(1405) affects the z% or KN mass distribution through
the final-state rescattering. Considering the external W+
emission for the transition of A into zTK*N, which
would give the main contribution to this process, the
A(1405) production is isospin forbidden. Indeed the W
produces the z" in one vertex and in the other one
includes a cs transition. We have thus z* and sud, with

(@)

FIG. 1.

ud in I =0, because there these quarks are spectators.
Thus the sud final state has I = 0 and hadronizes in K*N
(see Fig. 3 below). Meanwhile, the possible effect of
the TS on the A(1405) production was studied in
Refs. [50-52]. Now, as found in Refs. [28-30,32,33]
for the f,(980) production, we expect that the isospin-
violating A(1405) production is enhanced by the TS
around 1890 MeV in the 7z°A(1405) mass distribution,
where the triangle singularity would appear from the
formula in Ref. [3], and that a narrow peak around the
A(1405) energy in the 7z°Z° mass distribution would
appear. The observation of the TS in this isospin-violating
A(1405) production would give further support to the
hadronic molecular picture of the A(1405) resonance and
provide us better understanding on the triangle singularity.

II. FORMALISM

In the present study, we investigate the A7 — 77972020
decays via A(1405) formation. The process of Al —
aTK*~p followed by the K*~ decay into z°K~ and the
merging of the K~ p into A(1405) [see Fig. 1(a)] or A} —
77K %n followed by the K** decay into z°K° and the
merging of the K7 into A(1405) [see Fig. 1(b)] generate a
singularity, and we will see a signal for the A(1405) around
1420 MeV because it comes from KN which couples to the
second pole at 1420 MeV in the invariant mass of z°%°.
In the study of Ref. [38], the A(1405) appears as the
dynamically generated state of K~ p, K%n, 7°A, 7°Z°, 5A,
nx’, at¥", 27X, KTE", and K°Z° in the coupled-
channels calculation.

We will analyze the effect of triangle singularities in the
decay of A} — 7729220, In this study, we focus on the
decay channel of z°Z% from A(1405), which does not
contain the / = 1 contribution and has a small / = 2 one, to
focus on the isospin violation. The complete Feynman
diagram for the decay with the triangle mechanism through
the A(1405) baryon is shown in Fig. 1, and the momenta
assignment for the decay process is given in Fig. 2. In the
hadronization of Fig. 3(b) we shall see in the next
subsection that K*N is produced. The K* will decay into
7K, and thus the triangular mechanisms of Fig. 1 appear.

(b)

Diagram for the decay of A} — 77 7%2%%0. (a) The process of A} — 7zt K*~ p followed by the K*~ decay into z°K~ and the

merging of the K~ p into A(1405); (b) A7 — 7t K*n followed by the K*° decay into z°K? and the merging of the K%n into A(1405).
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FIG. 2. The momenta assignment for the decay process.

Now we would like to evaluate the A7 — z+tz°R with
the R — 7°X° process which produces the triangle diagram
shown in Fig. 1, where R stands for the A(1405) resonance.

First, let us consider the 7 matrix element ¢ for the
triangle loop process shown in Fig. 1(a), which, following
Feynman rules (see also Ref. [3] for further details), is
given by

d4q Tk s 050
t=i 2M / P ,
polzof:K* "] @r)tq*—Mi+ie

tK*’—m'OK’

« tA:r_)”JrK*—p ( )
(P—q)*—m%. +ie(P—q—k)*—m% +ic’

where we use the field normalization of Mandl and Shaw
[53]. The amplitude in Eq. (1) is evaluated in the center-of-
mass (CM) frame of z°R. Thus we need to calculate the three
Vertices, Ia+ ko ps Lgo-oq0k-> and tg-,_ o0, in Eq. (1).

A. Decay mechanism at quark level

Looking at the A" decay mechanism depicted in Fig. 3(a),
at the quark level the Cabibbo-allowed vertex is formed
through an external emission of a W boson [54], which is
also color-favored, producing a ud pair that forms the z+.
Note that ud in the Al are in I = 0, and since they are
spectators in the reaction they also have / = 0 in the final
state of Fig. 3(a). This, added to the s quark that has no
isospin, gives us I =0 for the final baryon before the
hadronization, and this continues to be the case after
the hadronization which is based on strong interaction.
The hadronization proceeds via iiu + dd + s pair creation
with the quantum numbers of the vacuum on top of the sud
state [see Fig. 3(b)]. The resulting meson and baryon from
the hadronization of Fig. 3(b) are easily obtained by writing

W+ u

AT

4 c
T—o fv u
{ d d

(@)

FIG. 3.

3 3
1 1
H=) 54iqi—=ud—du) =) Msq;—=(ud - du),
Z V2 ; V2

where M;; are the components of the SU(3); ¢g matrix with
the u, d, s quarks,

M=|da dd ds |. (2)

However, as we are interested in K*N production for the
triangle singularity, we are only concerned at this point
about the weights of the different flavor states. To imple-
ment that we write the flavor composition of the vector
states:

poz\/ii(uﬁ—dc_i), w:%(uﬁ—i—da),
pT = ud, p~ =di, K = ds,
K~ = si, K*t = us, K*0 = gd,
¢ = s5. (3)

Thus we can write the SU(3), gg matrix in terms of
physical vector mesons as

LS}

0
% + \/&_ p+ K*+

M V= - _ ﬁ RoN *0 3 4

- p Lt K (4)
K I_(*O ¢

Then we get

1 = 1
H= K*‘uji(ud —du) + K*Od%(ud —du)

1
7 (ud — du). (5)

By looking at the quark content of the octet baryons in
Ref. [55] (see Table III of that work), we see that, in terms
of three quarks, the mixed antisymmetric representation of

+ ¢s

d
3
W+ u
+ € s
A ( au+dd+5s
I _ O U u
{d d

(b)

(a) Diagram for A7 — 77 7°2°%° decay. (b) Hadronization through g creation with vacuum quantum numbers.

116004-3



L.R. DAL R. PAVAO, S. SAKAI and E. OSET

PHYS. REV. D 97, 116004 (2018)

the baryons, with phases compatible with the structure of
the chiral Lagrangians gives

1
p= ﬁu(ud —du),
1
n= ﬁd( d —du),
1
A= Wi [u(ds — sd) + d(su — us) — 2s(ud — du)],
20 = % [u(ds — sd) — d(su — us)]. (6)

Hence, we can write the flavor content of H as

_ 2
H=K"p+K%% - \/;qu. (7)

However, we will neglect the ¢ A component since this does
not contribute to our triangle singularity mechanism. Note
that s% (ud — du) has zero overlap with X° and thus the

2" component does not appear, as it should be, since this
has 7 = 1.

B. Calculation of the three vertices

1. First vertex

As usual, we take the structure for the transitions that
involves the lowest orbital angular momentum, and since
the Aj — " K*~p process can proceed via s-wave, the
amplitude for 75+_,;+x--, is given by

<€, (8)

Ql

tAj—m*K*‘p =A

where a scalar function is made between the spin and the
polarization of the K*, since it cannot depend on momen-
tum in the s-wave.

The K*~p invariant mass distribution of the A} —
#TK*" p decay is easily obtained in this case as

dFA;r—»JZJrK*’p o ] 2MA:r2Mp
dMin (K*"p) — (21)*  4M7,

Xiz ‘t/\:f—ﬂt*l(*‘p|27 (9)

where p,+ is the momentum of z* in the A/ rest frame, and
P~ 1s the momentum of K*~ in the K*~ p rest frame,

pn*ﬁK*_

AV (M3, mz, M3, (K™ p))

mv

oM, ’

¢

Prt = (10&)

mnv

2Minv(K*_p) ’

A (K ). m M)

Pk~ (10b)

with A(x,y,z) the ordinary Killen function. > "¢
symbolizes the average over the initial polarizations and
sum over the final polarizations of |¢|>, which, using
Eq. (8), is given by

TZ ltntwmripl” = 3|AP (11)

Since > 3" |#| has no angular structure, one can follow
the steps of Ref. [53] for 4 — v,e77, decay to write the
differential decay width as given by Eq. (9) (see also
Ref. [16]).

By integrating Eq. (9) over M, (K*"p) and using
Eq. (11) we obtain

A2 Br(Af - z"K*"p)

Oy MAj_mzr+ 3 M ~ —
Ac mge=+M, (2x) MAI; pﬂ+pK*‘dMinv(K p)
c

(12)

By calculating the width of this decay, using the exper-
imental branching ratio of this decay Br(Af —
a"K*~p) = (1.54+0.5) x 1072 [19], we can determine
the value of the constant |A|.

2. Second vertex

Now we calculate the contribution of the vertex K*~ —
7°K~ by using the chiral invariant Lagrangian with local
hidden symmetry given in Refs. [56-59], which is

Lypp = —ig{V¥[P,0,P]). (13)

The brackets (---) mean the trace over the SU(3) flavor
matrices, and the coupling is given by g = my/2f, in
the local hidden gauge, with m, = 780 MeV and f, =
93 MeV. The SU(3), qg matrix written in terms of
pseudoscalar mesons is given by

/

70 n Ui xt K+
\/5+\/§+\/€
pP— - 0 i " KO
M — = T \l;i"_\/?""f'\/g B
K- K0 n s
V3 V6

(14)

where the standard mixing of # and 7' has been assumed
[60]. Performing the matrix operations and the trace we get
for K*~ —» 7°K~,

1
Ly g = —ig%K*‘”(ﬂoaﬂKJr -9,2°K").  (15)

Applying the Feynman rules derived from the Lagrangian
of Eq. (15), for the 7 matrix element we get
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. .
—Uge- 0k = 19726"]1(*‘ (pK' - pﬂo)ﬂ

“ig st (Fo=Fr). (16
with pg- and p o calculated in the CM frame of z°R. At the
energy where the triangle singularity appears, the momen-
tum of K*~ is small enough, and one can omit the zeroth
component of the polarization vector in Eq. (16). This is
shown in detail in Appendix A of Ref. [27] where keeping
the € term of the vector polarization of the vector meson
gives a correction of order (lln’—)2 with a coefficient that

renders this term really small. In our case if we take
M, (K*~p) ~ 1850 MeV, where the singularity appears,
we get an effect of 0.5%. If we take M, (K* p)=
1900 MeV, the correction amounts to 2%.

Similarly we get

1

it g0 = ~ig o (B = Pie). (1)

which has opposite sign to Eq. (16).

3. Third vertex

The third vertex corresponds to the mechanism for
the production of the z°X° pair in the final state, after
the rescattering of the K~ p that dynamically generates the
A(1405) resonance as an intermediate state. We will write
the vertex as
(18)

Iy = tK’p—ﬂrOZO ’

where #;_, is the scattering matrix element between the
initial state i and the final state f in the coupled channel
calculation with the channels K=p (1), K°n (2), 2°A
(3), 2°Z% @), nA (5), = (6), 7T (7), =t
(8), K*Z~ (9), and K°Z° (10). We have i = 1 for the
diagrams of Fig. 1(a), while the index f stands for channel
4. The T matrix is obtained using the Bethe-Salpeter
equation, with the tree level potentials given in Ref. [38],

T=[1-VG]'V, (19)

where V;; are the potentials given in [38] and G is the
meson-baryon loop function for the intermediate states,
which is diagonal. The loop functions G, for the inter-
mediate states are regularized using the cutoff method, and
the peak of the A(1405) is well reproduced using a cutoff of
630 MeV. We will need this cutoff parameter for the next
steps of the calculation, being necessary in order to evaluate
the loop integral in the diagram of Fig. 1. We also need the
amplitude t; = tzo,,_, ,0x0 Which corresponds to the matrix
element 7,4 of the coupled channel problem. In Fig. 4 we
show amplitudes of 7x- ,_, 050 and go,,_, 050 as a function of

the KN invariant mass.

et === Re(t14)
57005 &N -== Re(124)
> ‘g’ ‘*: -_— Im(tl4)
= ’ B — Im(t24)

Amplitudes

1 1 1
1400 1420 1440 1460

Miny (KN) [MeV]

1
1380

1360

FIG. 4.ty 050(t14) and fgo,_050(t5) evaluated with ten
channels of Ref. [38]; dashed lines: real part; solid lines:
imaginary part.

C. The total amplitude

Now we obtain the final amplitude of A} — 7 7%20%°
for Fig. 1(a), which makes more explicit the amplitude of

(20)

l‘A:r_erﬂo”OZU = _Ajigaz : ktK_P—szZOtT7
where for simplicity we use 1 = ty(mg—, M, mg-) for
the triangle loop function for the decay shown in Fig. 1(a),
defined as

. i/ dq M, 1
r (2m)* q* = M3 + ie (P — q)* — m%.- + i€

1 q-
TRt @
where the term ¢ - /2/ K* comes from the term proportional
to ¢ in the integrand. Indeed, Eq. (1) by means of Egs. (8)
and (17) gives the factor o;€;¢;(p,0 — pk-);, which upon
summing over the K*~ intermediate polarizations leads to
ci(p, — px-);- According to Fig. 2, this gives us the factor
o,lk— (P —G—k)|, = 6:(2k + ), since P = 0 in the z°R
rest frame where we evaluate the amplitude. k is external,
i.e., is not integrated over, and goes out of integrand, and
for the g term we use (after performing the ¢° integral
analytically)

(22)

since the integral behaves as a vector under rotations, and
after the g integrations the only vector that remains is k.
Multiplying by k; we get [d®qqik;----- = [d’qq
Kevonn = B]-('z’ which gives us the coefficient B in

Eq. (22). The analytical integration of #; over ¢° leads
to [3,61]
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. _/ d 2M, 1
= (27)* 8wg- @, 0k kO — wy- — W

X ! <2+67 E)
P+, +wg —k° i
1
P —w, —wg-—k +ie
y 2P, + 20wk —2(w, + wi-) (@, + wg- + wg-)

0 _ -
P’ —wg-—w,

X

’

(23)

with PO = M, (z°A(1405)), o, = /q* + M3,

\/ (g + 1}')2 + m%-, and wg— = +/g* + m%.-. The energy

k° and momentum |k| of 2° emitted from K* are given by

Dg- =

OA(1405 20— M, (220
k() 1nv( ( )) + m 1nv( ) i (24)
2M,, (7 0A(1405))
- A2(ME (2°A(1405 20, M} (n°Z°
|k‘ — ( 111V< ( )) m an( )) ) (25)

2Mp (7°A(1405))

Following the method of Ref. [25], we obtain the final
differential distribution for four particles in the final state,

1 d’r
Ty dM,, (ﬂOA(1405))dMinv (2°’)
1 Mz(] A2
- k2|2
=@My T p”qz"z r,
X |tK_p—>ﬂUZO| ’ (26)
with
/11/2(M/2\+9M12nv( 0A(1405)),mi+)
. ) (27a)
2MA(+
e AVA(MR (2PN (1405)), 2y, M2, (2950)
P = k| = 0 ’
2My, (7°A(1405))
(27b)
M2(M2, (2050 , M?
Z]go = ( in ( ) ﬂ ZO) (27C)

21uinv (EOZO)

To regularize the integral in Eq. (23) we use the same
cutoff of the meson loop that is used to calculate 7x-,_, ;50
in Eq. (18) with 0(gma — |g*|), where g* is the g
momentum in the R rest frame (see Ref. [3]).

D. Isospin-breaking effect

If we use the same masses for K—, K°, for K*~, K*°, and
for p and n with isospin conservation, we find that the

contributions from Figs. 1(a) and 1(b) will cancel each
other. Indeed, as we discussed earlier the K*~p and K*n,
coming from an original state of s and ud with = 0, have
I = 0. Using Clebsch-Gordan coefficients the vertices for
K*~p or K*n have opposite signs, but K*~ is the isospin
state —|1/21/2) and then the vertices are equal in con-
sistency with Eq. (7). We also saw in Eqgs. (16) and (17) that
the K*~ — 7°K~ and K** — 7°K° vertices have opposite
signs. Finally, since the chiral Lagrangians are isospin
symmetric, the scattering matrices are also isospin sym-
metric if the masses of mesons and baryons in the same
isospin multiplets are equal. Then KN — z°%° has only
I = 0, and once again the pK~ — 7°2° and nK? - 7°%°
amplitudes have the same sign under isospin invariance
once the phase of K~ = —|1/21/2) is considered. This
shows technically how the two diagrams of Fig. 1 cancel
with exact isospin symmetry, and this should be the case
because for 7° + X9 one has I = 1, but we started from an
I = 0 state. In the chiral unitary approach there is isospin
violation due to the different masses of particles within the
same isospin multiplets [38] and in studies of f,— ag
mixing in J/y — ¢y, it is again the difference of mass
between K° and K in the loops that leads to the isospin
violation [62-65].

Therefore, it is interesting to investigate the isospin-
breaking effect. That means, for the first time, we will
precisely look at the A(1405) formation in an isospin
forbidden mode. We expect that the formation will be
driven by a triangle singularity and the shape will be
narrower than usual, because it will be tied to the different
masses of KN. Therefore, in the following, we will use
different masses for K~ p or Kz, and also for K*~ and K*.

Now we consider Fig. 1(b), for the A} — ztK*'n
followed by K*0 — 729K? decay and K’n — 7°%° to see
the A(1405) formation. We also need to calculate the three
vertices, INY St RO TR0 00, and fgo,,_, ;o50.

The triangle amplitude for the K*°nK° loop,
tr = ty(mgo, M,, mgo), is obtained with Eq. (23) replac-
ing the masses and width of the internal particles.

Hence, for the isospin-breaking effect, we get the final
differential distributions,

1 dr
U+ dMy, (2°A(1405))dM;,, (2Z0)
1 MZU
(271)5 M+

1
~ ~ —k%
M, PR3 ||

|tT(mK*‘v Mpv mK')tK’p—mOXO —Ir

X (m,‘(*o,Mn,ml‘(o)t,‘(on_,ﬂo):o|2. (28)

III. RESULTS

Let us begin by showing in Fig. 5 the contribution of the
triangle loop defined in Eq. (23). We plot the real and
imaginary parts of tT(mK*-,Mp,mK-), as well as the
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15 T T T T T T T T T T T

— |tz|

- == Im(tr)

tr x 107> [MeV ]

1 1 1 1 TRt .
1700 1800 1900 2000 2100 2200

1600
M (7°R) [MeV]
FIG. 5. Triangle amplitude 7 for the decay in Fig. 1(a), here

taking M;,,(R) = 1420 MeV.

absolute value with M, (R) = M;,,(7°%°) fixed at
1420 MeV. It can be observed that Re(#;) has a peak
around 1838 MeV, Im(77) has a peak around 1908 MeV,
and there is a peak for |77| around 1868 MeV. As discussed
in Ref. [27], the peak of the real part is related to the K*~ p
threshold while the peak of the imaginary part, dominating
for the larger invariant masses for 7°R, is due to the triangle
singularity.

In Fig. 6 we plot the normalized double differential rate
given by Eq. (28) for Al — 7t2%2°%° by fixing
M, (7°R) = 1850 MeV, 1890 MeV, and 1930 MeV and
varying M;,,(R). We can see that the distribution is highest
near M;,,(7°R) = 1890 MeV. For the three different masses
of M, (z°R), we can also see a strong peak around
1432 MeV. Consequently, we see that most of the contribu-
tion to our width I will come from M, (R) ~ Mg, con-
cretely in the range M;,, (z°Z%) € [1390 MeV, 1450 MeV].
The conclusion is that when we calculate the mass distribu-

. dl—‘ . . .
tion Z— a7 We can restrict the integral in M;,,(R)

[M,,, (7z°Z°) in Eq. (28)] to the limits mentioned above.
By integrating over M, (R), we obtain ﬁdMLWR)
which is shown in Fig. 7. We see a clear peak of the

distribution around 1880 MeV for A(1405) production.

Integrating now ﬁm over M, (7°A
(1405)) € [1800 MeV, 2050 MeV] in Fig. 7, we obtain

the branching fraction

Br(Af — #t2°A(1405); A(1405) — #°%%)

= (4.17 £ 1.39) x 107°. (29)

This number is within a measurable range. The errors come
from the experimental errors in the branching ratio of
Br(Af - z"K* " p).

One should stress the most remarkable feature in the
distributions shown in Fig. 6: the width of the A(1405)

L\‘T 30 T : T T T T T T T T T
E —— My (7°R) = 1850 MeV (a)
z |
|
o
b
X 20 -
Al
S -
E
e
RS = 10 -
[3
E i ]
=
<
+o
— L< 0 1 1 1 L
1380 1400 1420 1440 1460 1480
& 30 - - - - - - - - - - T
c — My (7°R) = 1890 MeV (b)
P
z i |
|
o
—
X 20 -
Al
k = -
B
E
[
SE 10 - .
[3
E I ]
=
=
+o
Ll L4< 0 L - L L L 1
1380 1400 1420 1440 1460 1480
& 30 - - - - - - - - - - T
Z — My (7°R) = 1930 MeV (©)
P
z i |
|
S
X 20 - -
n
k = -
=)
e 10 .
[3
E i ]
=
=
+o
— L<< 0 Il 1 1 L Il
1380 1400 1420 1440 1460 1480

Miny (70%°) [MeV]

FIG. 6. Double differential width of A7 — z+7°2°%°, keeping
My (7°R) (R = 2°%0) fixed to three values, plotted versus
My, (7°Z9). (a), (b), and (c) stand for 1850 MeV, 1890 MeV
and 1930 MeV, respectively.

produced is a mere 6.5 MeV, remarkably smaller than the
nominal widths for the A(1405) at 1420 MeV of the order
of 30 MeV. As mentioned before, this narrow width is tied
basically to the different masses of the K~, K° or p, n. This
exceptionally narrow shape has been observed in all the
isospin forbidden f((980) production mode. The present
reaction would be the first one where the narrow A(1405) is
seen in an isospin forbidden mode.

In order to see which are the most important ingredients
in the isospin violation, in Fig. 8 we separate the effects.

First we show the result for Fig. 6(b) where we introduce
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FIG.7. The mass distribution of A — 7+ 7°2°Z" as a function
of M, (z°R) with R = 7920,

isospin violation in the scattering matrix elements 7x- ,_, 050,
g0,.050, by doing the calculation of Ref. [38] with the
actual masses of all the particles, but keeping mgo = mg-
and M, = M, in the triangle loop. Next we assume isospin
symmetry in these amplitudes by performing the calculation
with average masses of particles within the same multiplet
and take the physical masses for p,n, K=, K° in the triangle
loop. Third, we take the scattering amplitudes isospin
symmetric and keep mgo = mg- while considering actual
masses for p and n in the triangle loop. Finally, we take the
Tk por¥50s 1RO, 050 1SOSPIN symmetric, and take M, = M,
but use the physical masses of myg- and mgo in the triangle
loop. The masses of the K*~ and K*© are reasonably similar
and we take the same for the two. By comparing with
Fig. 6(b) we see that the most important ingredient in the
isospin violation comes from the K° and K~ mass difference.
In Fig. 8, the solid line refers to Fig. 6(b).
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FIG. 8.

Miny (7920) [MeV]

Double differential width of A7 — 7+ 7°7°%%, keeping M, (z°R) (R = z°Z0) fixed at 1890 MeV as a function of M, (7°Z°),

where full shows the result for Fig. 6(b); (a) corresponds to taking 7g-,_, 050, g0, 050 With the physical masses of the particles but
M, =M,, mgo = mg-; (b) corresponds to taking 7x- ,_, ;00, tgo,,_, 050 is0spin symmetric (equal) and physical masses for p, n, K=, KY;
(c) stands for the scattering amplitude isospin symmetric, mgo = mg-, but M, and M, with their physical values. (d) stands for the
scattering amplitude isospin symmetric, M, = M, but mgo and mg- with their physical values.
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IV. CONCLUSIONS

The triangle singularities have shown to be very effec-
tive, enhancing the production of f,(980) or a((980) in
isospin suppressed modes. These reactions have played a
double role. On the first hand, they have provided clear
examples of triangle singularities, and on the second hand,
the rates and shapes obtained for the isospin suppressed
modes are closely tied to the nature of these resonances and
offer extra support to their dynamical origin from the
interaction of mesons in coupled channels.

The two states of the A(1405), now already official in
the PDG@G, are another example of dynamical generation
from the interaction of meson baryon in this case. Yet, the
resonance has not been observed in an isospin-violating
reaction so far. The present work provides the first
evaluation of the A(1405) production in an isospin
forbidden reaction. We devised one such reaction, which,
as in the case of the f;(980) or a((980), can be enhanced
by a triangle singularity. We found such an example in
the decay of A into ztz°A(1405). The mechanism for
the production is given by a first decay of the A} into
aTK*N, and then the K* decays into Kz and the KN
merge to produce the A(1405) through a triangle loop
containing K*NK, which develops a singularity around
1890 MeV.

The remarkable observation is that a peak tied to the
A(1405) state of higher energy (around 1420 MeV)
appears in the final 7°Z° mass spectrum, but peaking even
at higher energy, close to the KN threshold of 1432 MeV.
It is also remarkably narrow, of the order of 6-7 MeV, and
is tied to the difference of masses between the K~ and K°

and p, n, but mostly to the K~ and K° mass difference,
although there is also a small effect from isospin violation
in the 7g-,_, 050 and fgo,,_, 050 amplitudes.

We have shown that the amount of A(1405) production
has its largest strength at a z79A(1405) invariant mass of
around 1890 MeV, where the mechanism suggested devel-
ops a triangle singularity. The shape and strength obtained
are intimately tied to the nature of the A(1405) as a
dynamically generated resonance from the meson baryon
interaction, and in the present case, to its large coupling to
the KN component. We found that the strength of the
calculated decay width falls within a measurable range. The
implementation of the reaction would thus bring valuable
information on the nature of this resonance, the mecha-
nisms of triangle singularities, plus extra information on the
continuously searched for KN interaction.
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