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We investigate S = —1 hyperon production from the Al — K~ pz* and A; — K9 pz® decays within the
effective Lagrangian approach. We consider the £/A ground states, A(1520), A(1670)(J? =1/27),
A(1890)(J? =3/2%); A/Z-pole contributions from the combined resonances between 1800 and
2100 MeV; and N/A-pole and K*-pole contributions, which include the proton, A(1232), and
K(892). We calculate the Dalitz plot density (d°I'/dM-,dMg-,+) for the A} — K~ pa* decay. The
calculated result is in good agreement with experimental data from the Belle collaboration. Using the
parameters from the fit, we present the Dalitz plot density for the A7 — K9 pz® decay. In our calculation, a
sharp peaklike structure near 1665 MeV is predicted in the A7 — K~ pz™ decay because of the interference
effects between the A(1670) resonance and 7-A loop channels. We also demonstrate that we can access
direct information regarding the weak couplings of A(1670) and £(1670) from the A} — K§pn° decay.
Finally, a possible interpretation for the 1665 MeV structure beyond our prediction is briefly discussed.
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I. INTRODUCTION

In the constituent quark model, low-lying baryons with
JP =1/2" and J? = 3/2" make up the ground-state 56-
plet in approximate flavor-spin SU(6) multiplets. Odd-
parity baryons are classified into a band with orbital
excitation L = 1, which entails P = —1; in combination
with § = 1/2 or 3/2, this gives negative-parity baryons
with J? = 1/27, 3/27, and 5/2~. However, the excited
states of hyperons are still much less well known compared
with the nucleon resonances. Thus, studying hyperon
resonances may provide some hints regarding the role of
confinement in the nonperturbative QCD region.

In the S = —1 sector, only a few states are directly
measured in production experiments, whereas other broad
states are studied in multichannel particle-wave analyses,
mostly with KN scattering data. For example, only the
A(1520)(JP =3/27) above the KN threshold is recon-
structed from its decay channels, X, KN, and zzA. Other A*
and X* resonances are overlaid with relatively large decay
widths so that it is challenging to identify their line shapes
separately from the others in the invariant mass spectra.
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In the mass region from 1600 to 2000 MeV, 8 A* and
5 X* resonances are listed in the Particle Data Group (PDG)
tables with three- and four-star ratings [1]. A(1600)(J” =
1/2%) and £(1660)(J? = 1/2%) lie below the A threshold
(1663.5 MeV) and are known to have a strong coupling to
the KN, zA and z¥ channels [2]. The next A(1670)(J? =
1/27) and £(1670)(J? =3/27) are very close to the nA
threshold. The A(1670) is interpreted as a resonance
strongly coupled to a pure / = 0 #A state. The nature of
the X£(1670) is still poorly known, and the production
angular distribution of the K~ p — X(1670) "z~ reaction is
interpreted as evidence for two mass-degenerate X(1670)
resonances [3]. One couples strongly to 7z, and the other
couples to zzX. A(1690)(J” =3/27) decays largely to
7X(1385). Above 1700 MeV, another eight A* and X*
resonances with three- and four-star ratings appear near
each other in the mass range up to 2000 MeV.

A recent observation of hidden-charm pentaquark states
reported by the LHCb collaboration emphasizes the impor-
tance of understanding A* and X* resonances in the K~ p
invariant mass spectrum for A, — J/wK™ p decays [4,5].
In the charm sector, possible evidence for a new A*
resonance at a mass of approximately 1665 MeV, just
above nA threshold, has been reported from the Belle
collaboration in the K~ p invariant mass spectrum for
Af — K~ prt decays [6]. The new A* resonance shows
a narrow peak with a Breit-Wigner width of approximately
10 MeV, which could be interpreted as either a dynamically
generated A(1671)(J7 =3/2%) [7], A(1667)(J? =3/27)
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in the Dgy; partial wave [8], or an exotic A* state. More
recently, the peaklike structure was interpreted using the
threshold cusp, enhanced by the triangle singularities [9].

Inthe Af — KNz, anisospin I = 0 amplitude of the KN
system dominates compared with the I =1 amplitude
because the A} is an isosinglet state and the transition
amplitude ¢ — sud has Al = 1 with [ = 1 pion emission
[10]. Therefore, excited A hyperons can be selectively
produced in the KN invariant mass spectrum. Conversely,
the large branching fraction of T'(A} — Az7") /Ty =
(7.1 £0.4)% [1,11] supports a possible population of
excited T hyperons decaying to KN, as Az is a pure [ = 1
state.

Therefore, the A} — KN decays are good probes to test
the isospin symmetry in nonleptonic decays of the charmed
baryon. The / = 1 £* resonances can only be involved in the
Al - K(S) pn® decays, while the I = 0 A* resonances are
dominant in the A7 — K~ pz™ decays. In this respect, it is
necessary to conduct measurements of the Al — K9pz®
decay. A charged K% p system ensures a production of T**
hyperons isolated from A* hyperons, thereby providing a
good opportunity to test isospin symmetry.

Moreover, a possible interference effect among KN, K,
and zN channels is also very interesting. A strong K* band
crossing the A(1520) band shows evidence for interference
between K* and A(1520) production channels in the A} —
K~ pn™ decay [12]. The phase in the interference between
the two resonances can be deduced from experimental data.

In this paper, we report numerical calculation results for
S = —1 hyperon production from the A7 — K~ pz™ and
Al = K9pr® decays within the effective Lagrangian
approach. We consider the /A ground states, A(1520),
A(1670)(JP =1/27), A(1690)(J? =3/27); A/Z-pole
contributions from the combined resonances between
1800 and 2100 MeV; and N/A-pole and K*-pole contri-
butions, including the proton, A(1232), and K(892).

We calculate the Dalitz plot density (d’T’/
dM - ,dM-,+) for the Al — K~ pz* decay, which is in
good agreement with experimental data from the Belle
collaboration. Using the coupling constants from the fit, we
present the Dalitz plot density for the A; — K9pz° decay.
In our calculation, a sharp resonancelike structure near
1665 MeV is predicted to appear because of the interfer-
ence effect between A(1670) production and 7-A channels.
We also demonstrate that we can access direct information
regarding weak couplings of A(1670) and £(1670) from
the A — K%pn® decay. Finally, a possible interpretation
for the 1665 MeV structure beyond our prediction is briefly
discussed.

II. THEORETICAL FRAMEWORK

In this section, we introduce the theoretical framework to
study the hadronic A decay within the effective Lagrangian
approach. We consider the charged (Af — z" K~ p) and

neutral (Af — 7°K°p) decay channels. Relevant Feynman
diagrams for the two channels are illustrated in Fig. 1. The
diagrams in Figs. 1(a)-1(d) denote Y*)-pole, N/A-pole,
K*-pole, and n-A-loop diagrams, respectively. Although tens
of baryon resonances can be accessible from the A/ decay
[1], we take into account only a few resonances to minimize
theoretical uncertainties and control numerical calculations.

Selection criteria for the resonances in the numerical
calculations are based on the following points. First, by
investigating the Dalitz plot of the Belle experimental data
for the charged channel given in Fig. 3 of Ref. [12] [and in
Fig 1(a) in the present work], we observe clear signals from
A(1520), A(1670) [or £(1670)], A(1232), and K(892).
Second, there are possible nonresonant backgrounds
(BKG) shown in the lower M%(_ » region, which can be
explained by the ground state A and X. Third, excluding
A(1232), whose contribution provides a diagonal band in
the Dalitz plot, there are no obvious nonstrange resonances.
This observation can be understood as the color factors of
the u and d quarks from W+ decay are constrained to form
the color-singlet pion and resonances. Hence, we only take
into account the ground-state nucleon and A(1232).
Finally, the authors of Ref. [10] suggested that, even in
the Cabibbo-favored decays such as those in diagram (a),
the isospin / = 1 hyperon-resonance (X*) contributions are
suppressed because of the strong [ud] diquark correlation
inside A, whereas the I = 0 contributions (A*) prevail for
the A} weak decay with 7.

Combining these observations and discussions, we can
minimize the number of relevant contributions for the A
decay into seven and four contributions for the charged and
neutral channels, respectively, as shown in Table I. The table
provides the quantum numbers, full widths, and relevant
coupling constants. The underlined values in the table
indicate those fitted to reproduce the charge-channel data.

There is one caveat: If the / =0 uds-quark cluster
dominates the A hadronic decays together with 7z in the
final state, as suggested in Ref. [10], one may expect
Cps 50 /Tpsopr o & 0, for instance. On the contrary, this
decay ratio turns out to be almost unity experimentally [1].

(a) (k1) (b) (k1)
,// . K(ko) € _ - K(k)
e » _-
—.—ﬂ__&»—, L * >
AZ (ko) vy p(ks) Al (ko) N/A p(ks)
() (k1) (d)
_ _ m(k1)
Lo K(ko) pras _
B w.d - K(ko)
R PR RN //
A¥ (ko) p(ks) A (ko) —— T ST (1)
A A
FIG. 1. Relevant Feynman diagrams for A} — zKp: (a) Y-

pole diagram, (b) N/A-pole diagram, (c) K*-pole diagram, and
(d) #-A loop diagram, where ¥ = (A, X). See the text for details.
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TABLE L

Relevant inputs for numerical calculations: Full decay widths and strong and weak decay constants for the hadrons involved

[13]. The values in parentheses represent the parity violating (PV) and parity conserving (PC) couplings as (¢*V, ¢°©). The weak
couplings are in units of G5V, V#1072 GeV? ~ (1.11 x 1077). The underlined values indicate those determined by reproducing the

Belle experimental data for AT — z7 K~ p [12].

Af > a"K™p Ar = 2°K%
B(M.J") I [MeV]  gx-p8 9r+ A B 9z pB 9K-A!B Iy 906! B 920 pB 9ROA! B
p(938,1/27) 0 . . 13 (=7.11,25.90)
A(1232,3/2%) 117 2.17 0.09 1.77 0.09
A(1116,1/2%) 0 -134  (-4.6,15.8)
A(1520,3/27) 15.6 10.92 —0.006
A(1670,1/27) 35 1.62 =0.11
A(1890,3/27T) 150 0.67 0.1
2(1193,1/27%) 0 4.09 (5.4,-2.7) 5.78 (5.4,-2.7)
K(892, 1_) 50 JrtK-K°0 = 3.76 gK«opA:r =-=0.77 g0+ = -2.66 gK*opA:r =-=0.77

Similarly, considering the isospin decompositions of
the final state of the A} — 2" KN in the isospin limit,
the decay ratio of the neutral and charged channels as in the
present work becomes unity because A1) disappears in
Eq. (35) of Ref. [14]. However, this is not the case [1],
although there can be more complicated contributions, such
as the higher-mass hyperon and A resonances, K* contri-
bution, and interferences. Hence, although we have reduced
theoretical uncertainties using the / =0 meson-baryon
channel dominance in the final state [ 10], actual experimental
data can exhibit sizable / = 1 X*-resonance contributions
that are different from the present numerical results, which
illustrates the future experimental data qualitatively.

Once the relevant contributions are fixed, the effective
Lagrangians for the interaction vertices shown in Fig. 1 are
defined in general as follows:

L% = i(BTsys)P(gh%s — ghgsys)B + Hee.,

I -
L35 = 3 BT (@P) iy — dhiyrs)B + He.

E;}g);g = —lgPBB(Brs)PB + H.C.,

Ei’trl?gg == lgA}:IBB/ (B,I'sys)(0"P)B +H.c.,
P
Lygs = gyna,BY1s(dvhs — 9vssrs)B +Hue.,
Lppy = igppyV,[PO*PT — PTO"P] + H.c., (1)

where P, B, B', and V represent the 0~ pseudoscalar meson,
1/2* baryon, 3/2* baryon, and 1~ vector meson, respec-
tively. I's defines the parity for the created baryon (B) by

ro_ { ys for 1/2%,3/2%, )
> gy for 1/27,3/2-.

In principle, the PC and PV vertices have different coupling
strengths. Note that Ref. [13], using the heavy-quark
effective field theory (HQEFT), provides the PC and PV
weak couplings for Al decays into octet hadrons. For
instance, g"Y, A = —46 and 959/\/\; = 15.8 in units of
GrV,.4Vi1072 GeV2. Here, Gy and V., indicate the
Fermi constant and Cabibbo-Kobayashi-Maskawa matrix
elements, respectively. However, regarding A" decays into
hyperon resonances, there is little experimental or theo-
retical information from which to extract relevant PC and
PV weak couplings. Hence, to reduce theoretical uncer-
tainties, we assume that g}y, At = oy A+ = gpypr for the
hyperon resonances and determine the value of gpy-p+
using the experimental data, as described previously.

The invariant amplitudes for the diagrams in Fig. 1 can
be computed straightforwardly wusing the effective
Lagrangians defined above. The total invariant amplitude
is as follows:

i1,UsA(q243) 575 (Gopn, — Topa,Vs)Uns

ngZ) = IgkNB

43,3 — My —iTgMpg

iggnw BsUs[8 (0203 oKD (975, — Gna ¥s)Ha:

’

~M(‘l/):
BT T MM,

G353 — M3 —iTpMp
i, UsA(q143) sy (Gkpa, — Ikaa.Vs)UAr

’

ng) = ig,NB

q%+3 —M% —_ iFBMB

’
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19 NB' lZpYSFS [Aﬂu(CIHS)klfkﬂrs(g?é/Aﬁ - g;%r,\c}’s)uz\j

q%+3 - M%/ - iFB/MB/
iy [q1-2 = g12(Mz = M%) /M ]ys(gyna, = 9ywa,¥s)Uas

El

A0
IMpy' = M
iM\ =i

1% 9zkv

where the propagators for the spin-1/2 and spin-3/2
baryons are ined by

Alq) = (g+ Mp),

1 1
A(q) = (g+Mg)|gu — 30 T 3 (7490 = 709,)
2 }
- q,q, |- (4)
3m3

Now, the resonance-band patterns on the Dalitz plot are
discussed in detail, as these patterns indicate nontrivial
interferences between the resonance contributions and
additional contributions. By carefully examining the
A(1670) band at M%p ~2.79 GeV? in the Dalitz plot

given in Fig. 1(a), quite different patterns are observed
between the left and right sides of the K* band. Moreover,
the K* band exhibits a nontrivial pattern as well, i.e., it is
distorted in the region where interference with the A(1670)
band occurs. To interpret this complicated pattern in the
A(1670)-K* interference region, we consider the 7-A loop
in a simple model; the loop channel opens at
(M, + M,)* = 2.767 GeV?, and it can cause complicated
|

2
MlZ

; (3)

- M3 —ilyMy

structures, such as a cusp [15]. The relevant Feynman
diagram for describing the #-A loop is depicted in Fig. 1(d).
This simple diagram is important for the following reasons.
First, all the vertex structures are theoretically known, i.e.,
the weak #AA} and strong yAA vertices are given by
HQEFT [13] and the Nijmegen soft-core potential [16] as
shown in Eq. (1). The nK pA vertex is characterized by the
Weinberg-Tomozawa chiral interaction:

Lowsy = — ’92’?233’ B(®'dD — ®dD)B,  (5)
(0]

where ® and B denote the octet pseudoscalar meson and
baryon, respectively. Explicitly for the diagram given in
Fig. 1(d), we use gg-pya = 3/2 [17], gan = —6.86 [17],
and fo = f, x 1.123 % 105 MeV [10] for numerical cal-
culations. Second, as discussed in Ref. [10], the I =1
meson-baryon channel is suppressed similar to the 7-X°
one, in terms of the strong diquark configuration inside A .

Using the relevant interaction Lagrangians for the
vertices in Eqs. (1) and (5), the diagram with a meson-
baryon loop is computed as follows:

l.M"/\ -

Afs (2z)*

gk—pnAgnA,\HﬂA/ d*q [%(44‘ K3)(drs3 — g+ MA)ys(qrys + MA)(Q,I:YAM - VSQi)gAAj)”Aj
[4* = M}][(q = 9243)* = M}][g3,5 — M7]

N igK_pq/\gi’[/\/\ei’[/\ G( ) ) ﬁp (q2+3 + k?) - M/\)YS (%Jrf} + MA)(QEYAA(* - ySgESAA:r)u/\j

4f(21) 2+3

; (6)

[q§+3 - M%\]

where g, ; = k; + k;, The step function for the #-A channel threshold is defined by 6,5, = 8(Mg, — M, — M ). In deriving
the #-A loop integral in Eq. (6), the on-shell factorization [17] is employed, which assumes that A in the loop is almost its on
shell. This approximately satisfies the following relationship:

(@r3 — up ® Mpup = g~ (qr3 —My). (7)

The loop divergence is regularized by the dimensional regularization and the meson-baryon propagating function G is given
by [18]

d4q 2MA
27)* [¢* = My][(q = g213)* — M3]
_2M, [Mﬁ—MiﬂLqis My ¢

= In—1
167 2433 anzx ’ 2435

Gdim(‘]%+3) =i

My + M3 —q3,5— 2M, | M;
1 TMA= B =) | oMy My (8)

n
M+ M3 —q3,5+& 16727 p
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where £ is defined by

= \/1B3s =~ (M} = MR35 = (M + MR)]. (9)

The subtraction scale for the regularization is chosen as
u = 630 MeV, which is responsible for dynamically repro-
ducing the § = —1 hyperon resonances in the couple-
channel chiral-unitary model [17].

The total amplitude consists of the relevant contributions
as follows:

thotal = iZCA*MA*FA* + iCAMAFA + iCEMZFZ
A

+ iCNMNFN + iCAMAFA + iCK*MK*FK*
+ iCW'AMﬂ‘AFﬂ'A’ (10)

where the coefficients c;, and F) denote the relative phase
factor and phenomenological form factor for the hadron £,
respectively. Note that the A* (N) contribution is only given
in the charged (neutral) channel. The phenomenological
form factors are considered because the hadrons are
spatially extended objects. In the present work, we employ
the following parametrization:

CA*

Fh(CI%):W%_Mzh), (11)

where g, and M, denote the momentum transfer and mass
of the intermediate hadron, respectively. For brevity, we fix
the cutoff mass A = 1.0 GeV for all hadrons throughout
the present work. To compensate for this simplification
regarding the cutoff choices, we introduce a phenomeno-
logical parameter C in Eq. (11), which will be adjusted to
reproduce the decay width of the experimental data.

III. NUMERICAL RESULTS AND DISCUSSIONS

In this section, we discuss the numerical results for the
A decays. We first show the numerical results for the
Dalitz plots for the charged (A] — 7K~ p) and neutral
(Af = 7°K%p) channels in Fig. 2. According to the
calculated Dalitz plot density, simulated events are gen-
erated over the phase space available. We assume a uniform
experimental acceptance for the zKp phase space. Note
that all unknown weak coupling constants and phase
factors in Eq. (10) are carefully determined to reproduce
the data, focusing on the complicated interference patterns
in the Dalitz plot of the Belle data [12], as listed in Tables I
and II. To determine the phenomenological parameter for
the form factor in Eq. (11), which will provide the overall
strength of the decay width, we employ the experimental
data for the decay ratio between the charged and neutral
channels. Considering that the A/ (2286, 1/27) baryon has
a lifetime of 75+ = (2 x 107") s, which corresponds to

[pr = (329 x 10™°) MeV [1] and employing the PDG

TR T T g 1200
45 (a)
C 11000
4ar 7
- 4 —{800
— — =
“‘> - 4 o
S 351 . >
O 1600 2
O - g
Eg: |
8 =400
250 200
2’|Hm“m“m“ — 0
04 06 08 1 12 14 16 1.8
M. [GeV?
- R e R
4.5 ®) 787000
- { 6000
4 7
—_ C 15000
% 35 ] é
O /=400 £
gé - ; z
af J/=ao00
- - 512000
25
C 1000
) A AN B I 0

04 06 08 1 12 14 16 18
M2, [GeV?)

FIG. 2. Dalitz plots for (a) AT — 27K~ p for Af - ztK™p
and (b) A7 — 7°K%p.

values of the partial decay ratios for the charge and neutral
decays, the resulting relationship is

Caimmikep = (209 x 10710) MeV,
FAj—mokop = (1.3] X 10_10) MeV. (12)

TABLEII. Relative phase factors for the amplitudes in Eq. (10).
Note that the phase factor for the #-A loop contribution is also
introduced.

Cp Ch
(939) ~0.9i A(1232) 1
A(1116) ~0.9i %(1193) ~0.9i
A*(1520) 1 K*(892) i
A*(1670) 1 n-A 1.8i
A*(1890) |
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FIG. 3. Invariant-mass distributions for the charged channel as

functions of (a) M-, and (b) M- g-.

We note that K° is a mixture of K9 and K9 in the same
proportion, if we ignore the CP violation. Furthermore, in
general, in the experimental data, the K} was measured for
the A} decay, as shown in [1]. Thus, we simply doubled the
experimental partial-decay ratio in our theoretical calcula-
tions, as shown in Eq. (12). To reproduce these decay widths,
we choose Cearged = 3.25 and Cpeyyra = 3.15 in Eq. (11).
As clearly shown in Fig. 2(a), the contributions from
A(1520) and A(1670), as the horizontal bands, are consistent
with the data. We also note that the small contribution
from A(1890) increases the strength of the K* band in
the interference region. The A(1232) contribution provides
the sloped band in the upper region of the Dalitz plots. The
nontrivial pattern shown in the K*-A(1670) interference
region is qualitatively reproduced by the n-A loop. We
verified that the A(1670) band becomes smooth and shows
no complicated interference patterns without the #-A loop.
From this observation, we conclude that the nontrivial
interference patterns in the region of interest are due to
the n-A loop and nontrivial phase factors given in Table II.
Moreover, this observation indicates that the coherent sum

using Breit-Wigner amplitudes does not accurately represent
reality.

Once all the couplings are considered, including the
phase factors shown in Tables I and II, we attempt to predict
the neutral channel, i.e., A} — 7°K°p, which has not yet
been reported experimentally. Note that we choose the
same phase factor —0.9i for the proton as for the A and X
BKGs. The numerical result for the Dalitz plot is depicted
in Fig. 2(b). Because there are no / = 0 hyperon resonances
in this channel, we observe dominant contributions from
the K(892), A(1232), and p, in addition to the small
ground-state ¥ background. Note the lack of an 7 =0
channel opening effect here.

With these data, it is possible to investigate the invariant-
mass distributions. In Figs. 3(a) and 3(b), we draw their
numerical results as functions of Mg-, and M -,
respectively, for the charged channel. The curves for each
contribution are also shown to highlight their complicated
combination for the distribution. As shown in Fig. 3(a),
peaks for the A(1520) and A(1670) contributions are
easily observed. The two bumps are generated by the
K(892) contribution at Mg-,~ 1.6 GeV and 2.1 GeV,
whereas the ground-state A and ¥ BKGs dominate the
low-invariant-mass region. Interestingly, because of the
interference between the x-A loop and A(1670), a
peaklike sharp structure appears in the vicinity of
M-, ~ 1.67 GeV. Notably, this peaklike structure is
inevitable when reproducing the nontrivial interference
pattern observed in the charged-channel Dalitz plot from
the experimental data. In Fig. 3(b), the distribution as a
function of M+ -, the K(892) dominates in addition to the
considerable contributions from the hyperon BKGs and A,
while the #-A loop contribution is not obvious.

Similarly, Figs. 4(a) and 4(b) provide the numerical
results for the invariant-mass distributions for the neutral
channel, ie., A} — 7°K%p, which has not yet been
reported experimentally. As shown in Fig. 4(a), considering
the / = 1 channel suppression, DCS [10], and absence of
I = 0 hyperons, the distribution as a function of M o, does
not show peaklike structures at all. Instead, the proton-pole
contribution dominates the distribution and provides a large
bump structure at Mg, ~2 GeV, whereas the ground-
state X, A(1232), and K(892) contributions are small. In
Fig. 4(b), we show the distribution as a function of M ,ogo.
We observe a clear peak generated from the K(892)
contribution on top of the p-pole contribution.

Finally, an important aspect of the results is the consid-
erably narrow band structure at Mg-,~ 1.67 GeV, as
shown in the Dalitz plot in Fig. 4(a). Compared with the
width of A(1520), the bandwidth is similar to that of
[CA(1520) ® 15 MeV. There are several possibilities to
explain the narrow band. First, there have thus far been
no such hyperon resonances with such a narrow width at
My = (1.6-1.7) GeV [1]. Given this observation, the
band might signal a missing hyperon resonance, as reported
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FIG. 4. Invariant-mass distributions for the neutral channel as
functions of (a) Mo, and (b)M ,ogo.

in Ref. [7], i.e., A(1671)(J? =3/2%) with a width of
I'~ 10 MeV. However, we verified that it is difficult to
reproduce the nontrivial interference pattern by combining
the two Breit-Wigner-type amplitudes, i.e., the new
hyperon resonance and K(892) contributions. Second,
there are complicated interferences between the known
hyperon resonances at Mg, = (1.6-1.7) GeV, such as
A(1600), A(1670), A(1690). However, we verified that
it is almost impossible to form this peak structure numeri-
cally. Third, the interference between the A(1670) and n-A
loop channels has been explored in this work and the
nontrivial interference pattern and narrow peaklike struc-
ture have been qualitatively explained. However, as dis-
cussed in Sec. II, theoretical considerations simplify the
interpretation; for example, the strong diquark correlation
inside A} and color factor for the nonstrange resonances
provide constraints.

The interference effects between the A(1670) and other
channels are illustrated in the vicinity of M-, ~ 1.67 GeV
in Fig. 5. It is obvious that the A(1232), K(892), and
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FIG. 5. The interference patterns between A(1670) and other

contributions. See the text for details.

hyperon BKG channels enhance the A(1670) structure and
result in a large peak at 1.67 GeV. On the other hand, a
strong destructive interference effect between the A(1670)
and n — A loop channels is observed and provides the sharp
peaklike structure near the #-A threshold.

IV. SUMMARY

In this study, we investigated the excited hyperon
production in the Al — zTK~p (charged) and A} —
7°K%p (neutral) decays within the effective Lagrangian
approach. We determined relevant model parameters for
phenomenological form factors at the tree-level Born
approximation based on experimental data for Al —
#tK~p [12] and the known decay branching ratios for
A} [1]. We list important observations as follows:

(i) To reduce the number of hyperons considered, we

accounted for the strong diquark correlation inside A}
and color-factor constraint of the quarks from W,
which makes it possible to drop the ¥*, A*, and N*
contributions in the numerical calculations, although
there seem non-negligible / = 0 contributions in
reality. As a result of these assumptions, the theoreti-
cal uncertainties were substantially diminished.

(i) Regarding the charged-channel decay, on top of the
hyperon backgrounds, A(1520) and A(1670) ex-
hibited obvious peaks in the invariant-mass distri-
bution in addition to the bump structure, caused by
the interference between the A(1232) and K(892).
The Belle experimental data for the Dalitz plot are
qualitatively reproduced.

(iii) A nontrivial interference pattern was observed in
the charged-channel Dalitz plot at the interference
region between A(1670) and K(892), which can be
explained successfully by including the n-A loop
contribution. Moreover, this complicated interference
generates the peaklike structure at M x- ,~1.655MeV.
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(iv) Given the previous point, we did not observe a sharp
peak (band) structure in the neutral channel, as the
I = 0 meson-baryon channel opening was absent.
By contrast, a sharp peaklike structure, together with
a nontrivial interference pattern in experiments,
indicate a small but finite / = 1 channel opening
is possible as a next-to-leading contribution to the
diquark configuration of A/.

(v) Regarding the neutral channel with the model
parameters, determined by the charged-channel data
and theory models, a strong background from the
proton-pole contribution was observed. The result
was an absence of clear peaklike structures in the
invariant-mass distribution as a function of M zo e
while the K(892) contribution showed an obvious
peak on top of the proton background in the
invariant-mass distribution as a function of M jgo.

As discussed, the charmed-baryon decays are good

places to study weak interactions in the context of

Cabibbo-favored decays, isospin selections, and confine-
ment corresponding to the color factor of W+ decays.
Moreover, the internal structure of the involved hadrons can
be probed by comparing the diquark scenario with experi-
ments. The channel-opening effects are clearly also impor-
tant. Therefore, the charmed-baryon decay with § =0
hadrons is an interesting alternative to understanding weak
and strong interactions. Related studies are in progress and
will appear elsewhere.
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