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Three-body decay of charmed baryons A%(2595) and A%(2625) into A.zz are studied with effective
Lagrangians in which the coupling constants are extracted from the nonrelativistic quark model. We take
into account sequential processes going through X.(2455) and X}(2520) in intermediate states. The total
decay widths are sensitive to the coupling of A} with X .z open channel and to X}z closed channel. We find
that A%(2595) and A%(2625) with A mode assignment can explain the experimental data nicely. We also
show invariant mass distributions of A%(2595) and A%(2625) decays, which are significantly different for

various quark configurations.
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I. INTRODUCTION

One of the unique features of charmed baryons is that the
two internal modes, the so called A and p modes, split. With
one charm quark, the 4 mode corresponds to the motion of
the two light quarks (diquark) relative to the charm quark,
while the p mode is the relative motion between the two
light quarks with the charm quark regarded as a spectator
[1]. Generally, excitation energies of the 4 mode appear
lower than those of the p mode due to larger inertial mass.
This splitting has been known for a long time as an isotope
shift whose physical origin differs from the spin-spin
hyperfine splitting. Relatively small excitation energies
of low-lying charmed baryons seem to indicate the A mode
dominance in those states, yet the identification (or domi-
nance) of those modes should be confirmed by other means
in addition to the mass spectrum.

To detect their different natures, it is useful to study
various transition processes, in particular decays [2-9].
This is the issue that we would like to address in this
paper. Recently, two of the present authors [10] have
studied two-body decays of charmed baryons. They have
shown that the ratio of the A} — X.(2455)z and A} —
2%(2520)z decays provides useful information on the
structures of higher exited A} baryons. An advantage of
the study of ratios is that the uncertainties in the absolute
values cancel.

For lower exited A}(2595) and Aj(2625) states, the
decay into X.(2455)x occurs as a real process because the
decaying channel is open, while the decay into X%(2520)z
is not allowed because the channel is closed as shown in
Fig. 1. However, in the experimentally observed process

contribution. Here in this paper, we study the three-body
decays going through X.(2455) and X%(2520) as an
intermediate state, which we call sequential processes.
We will discuss that a large part of A,.zz 3-body decay
is explained by the sequential process through the closed
2%(2520) channel for A%(2625), while its contribution to
the decay of A%:(2595) is small. In this way, we can also
extract the information on the closed channel. We also
show the Dalitz plots and invariant mass distributions
of A%(2595) and A}(2625) decays into A.zx for various
quark configurations. This study is useful for further
investigations of the structures of the charmed baryons.

This paper is organized as follows. In Sec. II, we
formulate our method using the effective Lagrangians with
various coupling constants determined by the quark model.
In Sec. III, we discuss our numerical results compared to
the experimental data. Finally, a summary is given in
Sec. IV. We give detailed calculations for various ampli-
tudes in Appendix A.

II. FORMALISM
A. Effective Lagrangian

Let us discuss the two-pion emission decay amplitudes
in the sequential process shown in Fig. 2. For this purpose,
we introduce the effective Lagrangians describing the
vertices of the diagrams. Our calculations are performed
in the nonrelativistic approximation, which is considered to
be good for the decays of charmed (heavy) baryons.

For the case of AZ(2595) - A.x"n~, the relevant
Lagrangians are

where they measure A.zz, the latter one may occur with L= gt -

. . . . = .- 7+ h.c., 1
>*(2520) as a virtual intermediate state. According to AT ¥z ¥n 7 ¢ (n)
Particle Data Group (PDG) [11], the decay of A%(2625) is " s Ve 7
dominated by the process quoted as a “A.zz 3-body” Ly =gpw) (0-V)ys -7 +he., (2)
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FIG. 1. The level structure of low lying charmed baryons and
their strong decays through pion emission. Black arrows indicate
kinematically allowed decays, while red arrows are for kinemat-
ically forbidden ones to the closed channel.
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FIG. 2. All possible Feynman diagrams describing sequential
decay of Af — A.ztx. A is either A%(2595) or A%(2625). The
diagrams consist of the process going through X(2520) and
%.(2455) and their different charged states.

Ly =gawy (S V)i, -7+ he., @)

where the derivatives act on the pion field, and the isovector
structure is indicated explicitly for the pion and X, fields as
7 and 1/72(. The structure of the Lagrangian also depends on
the spin and parity of A} and, hence, also on the angular
momentum of the out-going pion. For instance, the vertex A
has s-wave structure, vertex B has p-wave structure, vertex
C has d-wave structure, and so forth. In Egs. (3) and (4), the
spin transfer matrix §, [12] is defined by the Clebsh-
Gordan coefficients

(3/2alS,1/2p) = (3/2alp|1/2p), (5)

where a and f are the spin states of a particle with spins 3/2
and 1/2, respectively.

For A%(2625) - A.n"n~, the Lagrangian for each
vertex is written as
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(o sas 1. 2= .
‘CA_faWé,F<U'VS'v_§ - S )l[//\;'ﬂ'"—H.C., (6)
Ly = fow) (6- Vs, -7+Hec., (7)
L= fc.lﬁ;:g//\; -7+ H.c., (8)

d = > oo la o= N
‘CC: cWZj_ ZVZV—g -2 l//A:f_'ﬂ'+H.C., (9)
Lp=fah (§-V)iis. -7+ He., (10)

where Eﬂ are

(3/2a%,3/28) = (3/2a 1 3/26). (1)

We note that there are two possible structures for the vertex
C; s-wave and d-wave. Later, we will notice that the s-wave
Lagrangian gives large contributions compared to d-wave.

The coupling constants g and f in the effective
Lagrangians are extracted from the quark model by
equating the amplitudes in the two models. In the quark
model, the amplitudes of Y¥; — Ym, which correspond to
the vertices in Fig. 2 are calculated by

—iTM(27)*6W (py - py)

:/ﬁﬂﬁM%MWWMMﬂ%U%

where Y denote the initial (final) charmed baryons,
and the 7gq interaction in the quark model is given in the
form of the pseudovector coupling. It contains a quark axial
coupling g4 for the coupling strength. The choice of this
parameter will be discussed later. The detailed calculation
can be found in Ref. [10]. Likewise, the matrix elements
derived from effective Lagrangians are

—iTEL(27)*
5(4)(Pf - i) _/d4x<Yf<va s)alily(x)|Yi(Jirs)), (13)
where the symbol a stands for A, B, C or D.

B. Coupling constants for A} (2595)

The coupling constants in the effective Lagrangians
(1)-(10) extracted from the nonrelativistic quark model
for A%(2595) with A mode are given by

ga:G{<\/1§>claﬂ+<3f> ‘“}, (14)

gy = (%) iGC,, (15)
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D)
gq = —1GC,, (17)

where M and m are the masses of the heavy and light
quarks, and a, is the range of the Gaussian wave function of
the 4 coordinate. We define the constants G as

94
—9a 18
G=Jr. (18)

where g% is the quark axial vector coupling constant and

[z =93 MeV is the pion decay constant. For simplicity,
we also define C; and C,

Ci(wy.q) = F(q). (19)

Clona) = 2455 (1- 5.8 ) |F@. o

where F(g) is a Gaussian form factor

F(q) = e9/4 e=0/%, (21)
Furthermore, w, and ¢ are energy and momentum of

emitting pion at corresponding vertices. The momentum
transfer for the 4 and p mode are given by

4G =4 <2mﬂi M>, (22)

q
q/} = 5 (23)

For the p mode assignment with j = 1, the coupling
constants become

g, = G{ZClal, n (%) CQQ}, (24)
a

P

6. = (%) o (25)

where g, and g, remain the same because they are not
dependent on the initial state mode. Here, j is the total spin
of the two light quarks including their orbital angular
momentum (Brown-Muck spin). There is also another
possibility being p mode (j = 0), however, this mode is
forbidden by spin conservation of Brown-Muck.

C. Coupling constants for A} (2625)

In the case of A}(2625) with A mode, the coupling
constants are given by
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D)
fo= G{ (\‘—é)claﬁ (3\%)@%}, (27)
fe= —% (?) Ga—fz <2mﬂj— M)’ 28)

where f. and f/. belong to the coupling constant at vertex C
with an s-wave and d-wave structure, respectively.

For the assignment with p mode (j = 1), the coupling
constants are expressed by

-1\ GG,
===, 29
1= (55) % 29)
fo= G{zcla,, + (_q> cf’”}, (30)
3 a,
1 /1\ GC,
===z )=—. 31
fi=-1 <3) . (1)
For p-mode (j = 2), the coupling constants are given by
3\ GC
fo= (i) 2 (32)
2V/5) 2a,
fe=0, (33)
1/1)\GGC
=== —=)==. 34
r--5(7) 5 (34)

D. Model Parameters

In the quark model of the harmonic oscillator, there are
three model parameters; m the light quark mass, M the heavy
quark mass, and k the spring constant [10]. The quark
masses are fixed to be

m = 350 MeV, M = 1500 MeV. (35)
We also adjust the spring constant k such that the range
parameters of the Gaussian wave functions are fixed to be

a, =400 MeV, a, =290 MeV, (36)
which reproduce the quark distribution about 0.5 fm as
corresponding to the nucleon core size.

These parameters correspond to the central values of
the parameter range that has been discussed in Ref. [10].
By varying the parameters within that range, the resulting
coupling constants change by about +20% from the
values obtained by using the parameters in Eq. (35)
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and (36). The other source of uncertainties is related to the
quark axial coupling constant. In the present study, g4 is
taken to be unity for the first vertex of sequential decays.
In contrast, in the second vertex, we employ gj{ =0.7 in
order to reproduce the experimental decay width of X,
and X} as discussed in Ref. [10]. These two uncertainties
from the quark model parameters and quark axial coupling
constant give an overall uncertainty for the theoretical
calculation. The uncertainty of the parameters mostly
affects the absolute values of decay widths, but little do
ratios and shapes of invariant mass distributions.

E. Amplitudes
Let us first calculate the amplitude of A}(2595) —
A xtn~. The process is described by the diagrams in
Fig. 2. The amplitude of the first diagram is expressed
schematically by

T 0 —T * 0

. L4 0 A F N0t

—iT [0 = —i T
My3 — Mmyo + 5150

(37)
while the other charged state process in the second diagram
is written by

4 + ot
. Tsrona T pox
—iT[E "] =—i e eDee 7

,. . (38)
miz — mzﬁ + El—‘zz"f’

In Egs. (37) and (38), m»3 and m 5 are the invariant masses
of the subsystem of particle (2, 3) and (1, 3), respectively.
They are

miy = (P —=p1)* = (p2 + p3)*. (39)
miy = (P = p2)* = (p1 + p3)*. (40)
mi, = (P = p3)* = (p1 + p2)*. (41)

where P is the energy-momentum of the initial baryon,
and we have also shown m, for completeness. The particle
numbers 1, 2, 3 are for z*, z~, and A,. The third and forth
diagrams are calculated similarly. Then, the total amplitude
is expressed by

—iT = —iT[20) - T[] —iT[Z]
— Tz, (42)
We give detailed calculations of each of the amplitudes in
Appendix A.
In deriving the squared amplitudes, there are some

angular dependences in the total amplitudes for which
we have used the angle average approximation

N | BRI
(P 'P2)2 - 3 |P1|2|P2|2~ (43)

PHYSICAL REVIEW D 95, 114018 (2017)

This angular dependance cos? @ (0 is the angle between the
two pion momenta, p, and p,) comes from the d-wave
nature of the coupling to the X%(2520). This may be used to
confirm the contribution from X(2520) in the sequential
process. Detailed study of angular correlations will be done
elsewhere. After some calculations, the spin summed
(averaged for the initial state) amplitude becomes

1 . N 2 I
mz] —iTP = |Gul|pa? +5/Gx [l pal?
5,8
+ |Gs+ PP 7
2 - 4 >
+§|G2z++\2|P2|4|P1|27 (44)

where we have defined the quantity G, for instance,

A /2mA:+, /2mAj (45)

my3 — ng + %FZ(L)

Gyo = —ig.9p

In Eq. (45), Gy contains information about the coupling
constants and propagator for the corresponding diagram.

In fact, there is another possible decay channel
A:(2595) — A 2°2°. Different from the charged state
process, the neutral pions assigned to be particle 1 and 2
are indistinguishable. Accordingly, we divide the ampli-
tudes by the symmetric factor after we take into account all
of the numbered diagrams. Then, the total amplitude for a
given decay channel can be written as

—iT = —iT[Z]] - iT[Z:], (46)
and the resulting squared amplitude is

1

. R 2
mZ] —iTP = |Gy P|pal? +§|Gz;+
5,8

gzl
(47)

Similarly, we can derive the amplitude of the A%(2625)
decay. In this case, we have to include both the s-wave and
d-wave nature of the Lagrangian in vertex C, £ and EdC.
The squared amplitude of A%(2625) - A.z"z~ is then
given by

1
—_ T2
(2]+1)Z| 7]
5,8
2 2072 1417 12 2 207 1417 12
=§|Fzg| |D11*1 P2 +§|Fz¢+| |P2* P

2 L, 3 -
3P PIA P + S g PRI L P

2

|4

2 L, 3 -
+ 3P PIPal + S 1P P o Y ol (48)
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FIG. 3. Initial particle rest frame is considered in which the four
momentum of the initial particle is P = (m;, 0). We define mass
of #t, 7, and A, as m;, m,, and m; respectively.

where the quantity F is defined similarly to G. For instance,
Fso is denoted by

A /2mA2+ A /2mAC+ (49)

Fyo = —if.f .
pI al b .
Moz — My + 550

For A%(2625) — A, 2%, the squared amplitude reads

1 . 2 = 2 o=
m2| —iT|* = §|sz|2\P1|4|P2|2 +§|F‘z;_+ 2|p,f?
32 -4
+?|F§;+ 21N (50)

F. Three-Body Kinematics

The three-body decays are studied in the Dalitz plot in
terms of the invariant masses m, and my3 [11]. The actual
momentum variables are defined in the rest frame of the
initial A} as in Fig. 3, whereas various coupling constants
are calculated in the rest frame of the intermediate Z.’s as in
Fig. 4. The three-body decay widths are then given by

) / ! 3| - iTPdo, (P )
- -1 5 ) ) )
2m; 27+ 1) - 355 P P2y P3

L 1 ! T2 2. drm2
B (2x)3 32m?/(2]+ 1) Z' — iT|*dmisdmy;,  (51)

where the three-body phase space d®; in the first line
depends on the initial energy square s = m?, and the final

FIG. 4. The resonance rest frame is defined as the rest frame of
the subsystem of particle 2 and 3.
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state momenta, and is expressed by dm, and dm,s; in the
second line.

ITI. RESULTS AND DISCUSSIONS

A. Decay of A;(2595)

The A%(2595) baryon is the first excited state with spin
and parity J* = 1/27, and its full width is 2.6 4+ 0.6 MeV.
The A%(2595) — A.(2286)zz decay channel is the only
possible strong decay [11,13]. Due to different excitation
energies between the A and p mode excitations, this state is
expected to be dominated by the 4 mode [14]. Here, we
consider decays of both the 1 and p modes to discuss the
structure of A%(2595) from the view point of the decay
property. A%(2595) can be constructed by the one 4 mode
with j =1 and the two p mode configurations of j =0
and 1. The detailed explanation of the configurations that
we are using here can be found in our previous work [10].

The comparison between experimental data and calcu-
lated decay widths is presented in Table I where contribu-
tions from various intermediate states and with different
mode assignments are shown separately. The upper three
lines are the decays into A.zz from the open channels,
while the lower three lines those from closed ones. If we
look at the total decay width in the bottom line, we find
that the 4 mode assignment gives a consistent result with
the experimental data. For the p mode (j = 1), the total
decay width turn out to be broader and overestimates the
data significantly. In contrast, p mode (j = 0) assignment is
forbidden due to the spin conservation of the Brown-Muck
as already pointed out in Ref. [9,10].

An isospin breaking effect can be seen clearly in both
open (X.7) and closed (X;7) channels. In Table I, we can
notice that the =} z° channel contribution is larger than the
other two charged channels. This is because the "z~ and
07+ channels are closed while the ¥} 7% channel is open,
if we take the central values of the masses of A%(2595)
and X.(2455).

TABLE 1. Various contributions to the decay width of
A%5(2595) — A zz in the sequential process with the A and p
mode assignments with different intermediate states (in unit of
MeV). The right column shows partial decay widths into X .z and
those into A,zz 3-body shown in PDG [11].

Intermediate A-mode p-mode

state j=1 j=0 j=1 Exp.

Tt 0.237 - 1.001 0.624 (24%)

207+ 0.182 - 0.770 0.624 (24%)

ztal 1.629 - 6.896 -
3-body 0.468 (18%)

D I1x10° -  6x1077 -

=0qt 1x10% - 7x1077 -

it a0 510 - 3x107° -

Cioral 2.048 - 8.667 26+0.6
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FIG. 5. Dalitz plot and invariant mass distribution of
A%(2595) - At with %7+ and =077~ channels in
an intermediate state. A%(2595) is assumed to be A mode.

To help understand our sequential decay calculations
better, in Fig. 5 we show Dalitz plot and invariant mass
distributions for the squared amplitude for the charged pion
decay mode as function of mi;(=m., ) and ma;(=m;- ).
There we see that the most events are concentrated in
the boundary region of the maximum m?, and m3;. These
strengths come from the tail of the peak of X.(2455), which
is located slightly outside the kinematically allowed region,
as shown in Fig. 5. Similarly Fig. 6 is for the neutral pion
mode, where we see again the most events are near the
boundaries but with the peak of X.(2455) is now inside the
allowed region. This is due to isospin breaking effect,
leading to the larger branching ratio for the neutral mode
than the charged mode as shown in Table I, and the effect
has also been discussed in Ref. [10].

Let us turn to the discussion on the X}z contribution,
which is from the tail of the X resonance. The small
contribution from the X} is expected not only from the fact
that it is closed but also from the d-wave nature of the
zA(1/27)2*(3/2") coupling.

B. Decay of A}(2625)

The A(2625) baryon is the excited state having
JP = 3/27. Experimentally, only the upper limit is given
as [y, <0.97 MeV [11]. Different from the case of
A%(2595), we cannot distinguish whether A}(2625) is 4
or p mode by only looking at the two-body process with
available experimental data. As shown previously [10], the
two-body contributions are too small as compared to the
experimental upper limit. This is due to the d-wave nature

PHYSICAL REVIEW D 95, 114018 (2017)
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FIG. 6. Dalitz plot and invariant mass distribution of

A%(2595) — A 2°7° with =¥ 70 channels in intermediate state.
A%(2595) is assumed to be 4 mode.

of the two-body final state. Indeed, we show here that the
three-body processes give significant contributions. This
can be used to distinguish the 4 and p modes.

We compare decay widths calculated from various
intermediates states with different mode assignments in
Table II. Firstly, our results are consistent with two-body
analysis in our previous work [10] by which we can not
disentangle which mode is dominant for A(2625). Now by
looking at the results of the closed channel contribution as
shown in the lower three lines, we can see that the decay
width is sensitive to the coupling of Z}.

Concerning the total decay width, experimentally, only
the upper limit is known. Therefore, we can not exclude all

TABLE II. Various contributions to the decay width of
A%(2625) in the sequential process with the 4 and p mode
assignments with different intermediate states (in unit of MeV).
The right column shows partial decay widths into X .z and those
into A.zz 3-body shown in PDG [11].

Intermediate - m0de p-mode

state j=1 j=1 j=2 Exp. [11]

Hay - 0.037 0.018 0.033 <0.05 (<5%)

207t 0.031 0.016 0.030 <0.05 (<5%)

zial 0.053 0.027 0.049 -
3-body (large)

St 0.044 0.190 0 -

=07+ 0.064 0285 0 -

it a0 0.071 0306 0 -

Il 0.300 0.842 0.112 <0.97

R 0.61 093 0
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FIG. 7. A Dalitz plot and invariant mass distribution of
A%5(2625)(A — mode) — A ntx

of the possibilities, since they are below the upper limit.
However, we can analyze further by considering the ratio of
the decay width

I'(A} - A .z 7~ (nonresonant))

R = ,
(A} - A.n"n(total))

(52)

25000

N

615 |- ]
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- 20000
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FIG. 8. A Dalitz plot and invariant mass distribution of

A5(2625) (p—mode, j = 1) > A atz™
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FIG. 9. A Dalitz plot and invariant mass distribution of
A5(2625)(p —mode, j =2) - A.xtn.

where the value is R = 0.54 4+ 0.14 [15]. This value seems
consistent with the 4 mode assignment.

In Fig. 7-9, we show Dalitz plots and invariant mass
distributions for the decay of Aj(2625) with different
assignments. Figure 7 is for the 4 mode and shows that
the most contributions are concentrated around the reso-
nance X.(2455) region, because the contribution of the
closed channel X%(2520) is not large.

Figures 8 and 9 are for the two p modes, which show
interesting features. The p mode, with j = 1 in Fig. 8, has a
large contribution from the closed X7(2520) channel,
showing a large background strength over the allowed
region with a less prominent peak structure from the open
%.(2455) channel. Contrary, p with j = 2 mode has zero
contribution from the closed channel and therefore, shows
only a peak structure around the open X.(2455) channel.
These differences are clear, which will be useful to further
distinguish the nature of the A%(2625) resonance.

IV. SUMMARY

An effective Lagrangian method has been used for the
study of three-body decays of A%(2595) and A%(2625) in
which the coupling constants are extracted from the quark
model. We have considered the sequential decays through
Y.z and Xiz in intermediate states. By comparing the
theoretical predictions with the experimental data, we have
extracted useful information about the excitation mode of
those states.

By using currently available experimental data, we have
argued that both A%(2595) and A%(2625) are most likely
dominated by the 4 mode, and all other possibilities of p
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modes are unlikely. For A%(2595) with 4 mode, the two-
body decay width is consistent with the data. In contrast, p
mode assignments significantly overestimate the decay
width. In the case of Aj(2625), the ratio of the A} —
#tn~ (nonresonant) and AX — 7z~ (total) decays seems
consistent with the data, but further information on the
Dalitz plots and invariant mass distributions should be
useful to distinguish its structure.
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APPENDIX: DETAILED CALCULATION
OF AMPLITUDES

The decay of A%(2595) - A.x"n~ is described in
Fig. 2. The amplitude for each diagram is given by

i1

— i
moyz ng + 5 FZ(B

—>/\C;1_7-Af.—>297r+

—i’T[Zg] = -
= GZ?Z/T\L.(E‘ ﬁZ)XAj’ (A1)

where

A /ZmAffr, /2mAC+

my3 — ng + %FZE)

Gso = —igags (A2)

The amplitude of the second diagram is

T [Er] = —i o T

miy3 — mzerr + %F2r+
_ Tz
= sz*)(/\c(" “POXA

where

‘/2m,\;+,/2m,\(T

7 9
myz — mzf -+ %FZjJr

Gyiv = —ig49p

and for the third diagram

—ZT[Z*O] - TEzoaAcﬂ‘TA§f2i0ﬂ+
¢ m23 - mzzo + %szo

= Gyaoy) (S 72)

(AS)

PHYSICAL REVIEW D 95, 114018 (2017)

where

A /ZmA:;h /ZmAj

m23 - mZ:O + %FE:O

Gy = —ig.gq (A6)

In Eq. (AS), we have used the spin matrix products

. 1
SZSJ == 61/ __GZGJ

: (A7)

The last amplitude reads

i Tzz++ —>/\(,It+ TAz_)Z?‘erﬂ.—

—iT[E] = - :
my3 — m2j++ + EFE§++
-}- - - 5 - 1 - - =2

= Gyoixp \P2 P10 D2 —30 Pilpal ) xa:s

(A8)
where

. 1/2mAz+1 /ZmAf
Gzﬁ** = ~19c9q H . (A9)
m3 — mz‘(*_++ + §F2z++

The total amplitude of the process is given by adding all
the amplitudes coherently,

—iT = —iT[Z0) —iT[Zf ] - iT[Z0]

—iT[Z. (A10)
Therefore, the squared amplitudes consist of 16 terms
which can be categorized into 5 contributions; the con-
tribution from X,

1 ] _
mi] —iTP[Z)] = |G *|pa?,  (A11)
the contribution from X/,
1 ) _

G 2l T ITPEE T =[G PIRP. (A12)
the contribution from the X0,

1 ; 2 *0 2 202 1412 12
@ TP = SIGaPIAEAE  (A13)
the contribution from X7,

! TR[s] — 2 271415 2
7T TP =5 (G PR AP,

(Al4)
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In addition, there are cross terms corresponding to the
interference effects. However, all of the them vanish
when we perform the angular integration for the total
decay width.

For another decay channel A%(2595) — A .2z, there
are only two process involved and the respective ampli-
tudes are

myz —myr +51 5

= sz)(j\((f;' P2 (A15)
where
Gs: = —ig.9p m;fi;;/f:mg . (Al6)
and
T[] = _i72:+—>A(nOTAzf>z:+n°
moz — My + 505
~Got\ (v 1o B =35 B v
(A17)
where

PHYSICAL REVIEW D 95, 114018 (2017)

A /2mA:+1 /2mA3

; .
my3 — mzz+ + §F2f+

Gy = =i9c9a (A18)

The total amplitude is

—iT = —iT[5}] - iT[E). (A19)

The squared amplitudes now consist of four terms, but the
cross terms vanish again when we perform the angular
integration. Therefore, only two terms contribute in the
process. The first contribution from X} is

1 . )
le —iTP[E] =Gy P[Pl (A20)

and the second contribution from X is

1 e 2
mz] —iTP[E] = §|Gzz+

2 MEal. (A21)

For the higher state, A%(2625), we calculate the decay
amplitudes with a similar manner but with different spin
structures, which are derived from the Lagrangian in
Eqgs. (6)—(10).
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