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Abstract In this work, we study the strong decays of the
newly observed = (1620)° assuming that it is a meson-
baryon molecular state of AK and ¥ K. We consider four
possible spin-parity assignments J© = 1/2% and 3/2%
for the & (1620)°, and evaluate its partial decay width into
Em and Emw via hadronic loops with the help of effec-
tive Lagrangians. In comparison with the Belle data, the
calculated decay width favors the spin-party assignment
1/27 while the other spin-parity assignments do not yield
a decay width consistent with data in the molecule picture.
We find that about 52-68% of the total width comes from
the K A channel, while the rest is provided by the K X chan-
nel. As a result, both channels are important in explaining
the strong decay of the & (1620)°. In addition, the transi-
tion Z(1620)° — 7 & is the main decay channel in the
JP = 1/27 case, which almost saturates the total width.
These information are helpful to further understand the nature
of the = (1620)°.

1 Introduction

Understanding baryon spectroscopy and searching for miss-
ing baryon resonances are hot topics in hadron physics. From
the viewpoint of the quark model, the number of = states
should be comparable with that of nucleon resonances. At
present, there are eleven = baryons listed in the review of
the Particle Data Group (PDG) [1], which is far less than
the number of nucleon baryons. Among them, the & (1620),
Z(2120), and = (2500) are three peculiar states, since they
are catalogued in the PDG with only one star and their spin
and parity are unknown [1]. In other words, the experimental
evidence for these three = bayrons are quit poor, and it is not
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yet clear whether they really exist. Fortunately, the Z (1620)°
was recently observed in the &~ 7T final state by the Belle
Collaboration [2]. Its mass and width are, respectively,

M = 1610.4 + 6.0(star) 132 (syst) MeV,
I''=59.9 £ 4.8(stat) T35 (syst) MeV, (1)

which are consistent with the earlier measured values [3,4].
Its spin-parity, however, remains unknown.

It needs to be stressed that the quark model, originally
pioneered by Gell-Mann and Zweig, still remains a useful
yardstick for baryon spectroscopy. However, one common
characteristic of the quark model is that it is very difficult to
accommodate the = (1620) [5,6]. In particular, the low mass
of the Z(1620) is puzzling in the quark model if its existence
is further confirmed by future experiments. It is very inter-
esting to note that the authors of Ref. [7] tried to assign the
Z(1620) to a conventional uss or dss state with J© = 1/27.
Although their model satisfies the Gell-Mann—Okubo mass
relation, it requires the existence of very low mass nucleon
and A resonances, which have not been discovered yet.

These peculiar properties of the = (1620) can be naturally
accounted for in the hadronic molecule picture. Indeed, in
Ref. [8], Ramos et al. suggested to identify the & (1620) as a
dynamically generated S-wave & resonance based on an uni-
tary extension of chiral perturbation theory, which predicts a
& resonance with a mass around 1606 MeV. In other similar
approaches (that differ in details) [9-11], the Z (1620) is also
dynamically generated, with a relatively larger decay width.
This state strongly couples to 7 & and K A, and it is thought
to originate from the strong attraction in the 7 & channel [9—
11]. In the Skyrme model [12], Yongseok predicted two &
resonances with J© = 1 /27, which have masses consistent
with those of the & (1620) and = (1690).
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Following the discovery of the Z(1620), several theo-
retical studies have been performed [13,14]. In the Bethe—
Salpeter equation approach under the ladder and instanta-
neous approximations, based on the analysis of the mass
spectrum and the two-body strong decays, the Z(1620)
is explained as KA or ¥ K bound states with spin-parity
JP = 1/27 [13]. We note that the decay widths are 36.94
MeV and 9.35 MeV for the KA and YK bound states,
respectively. In comparison with the Belle data, it is obvi-
ous that the & (1620) has a larger contribution from the KA
component than the ¥ K component. From this perspective,
it is easy to understand the results of Ref. [14], where it was
shown that the K A interaction is strong enough to form a &
bound state with a mass about 1620 MeV and J” = 1/2~
in the framework of the one-boson-exchange (OBE) model.

Although the studies of Refs. [§—14] seem to indicate that
the & (1620)° is a hadronic molecular state, more theoretical
efforts are needed to fully understand its nature. Considering
both the theoretical results [9—11,14] and the latest experi-
mental measurement that the mass of = (1620)° is about 3
MeV below the K% A threshold [1], it is reasonable to regard
£ (1620)° as a bound state of K°A. Note that in Refs. [8,13]
the & (1620) is treated as a meson-baryon state with large A K
and X K components. In the present work we study the &
decay mode of the &(1620), using an effective Lagrangian
approach and assuming that the = (1620) is a hadronic molec-
ular state of AK and ¥ K with the following four spin-parity
assignments: J¥ = 1/2% and 3/2%.

This work is organized as follows. The theoretical formal-
ismis explained in Sect. 2. The predicted partial decay width
is presented in Sect. 3, followed by a short summary in the
last section.

2 Formalism and ingredients

In order to calculate the strong decay width, & (1620)°[=
E*] — Em, in the molecular scenario with different spin-
parity assignments for the Z*, we first need to compute the
couplings with its components K A and K ¥ via the loop
diagrams shown in Fig. 1.

The simplest effective Lagrangian describing the £*KY
coupling can be expressed as [15,16]

+ -
LY (x) = gE*IgY/d4yq§(y2)K(x T+ wyy)T
x Y (x —wgy)E*(x), 2)
+ -
L’%E/*z (x) = gz+«fy f d*yo (Y)HK (x + wyy) I

x 3,Y (x — wgy)E*(x), 3)
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where Y denotes either A or X' (for an isovector baryon Y, Y
should be replaced with Y - T, where 7 is the isospin matrix),
wg =mg/(mg +my), oy = my/(mg +my), and I" is
the corresponding Dirac matrix reflecting the spin-parity of
the &*. Here I' = y> for J? = 1/2% and 3/2~, while for
JP =1/27 and 3/2%, I = 1. In the above Lagrangian, an
effective correlation function @ (y?) is introduced not only to
describe the distribution of the constituents, K and Y, in the
hadronic molecular Z* state but also to make the Feynmann
diagrams ultraviolet finite, which is often chosen to be of the
following form [15-32],

@ (pr) = exp(—p%/B?) 4)

with pg being the Euclidean Jacobi momentum and 8 being
the size parameter which characterizes the distribution of the
components inside the molecule. At present, the value of
B still could not be accurately determined from first princi-
ples, therefore it should better be determined by experimental
data. The experimental total widths of some states that can be
considered as molecules [15-32] can be well explained with
B = 1.0 GeV. Therefore we take 8 = 1.0 GeV in this work
to study whether the &* can be interpreted as a molecule
composed of KA and K X.

With the effective Lagrangians in Egs. (2) and Eq. (3), we
can compute the Feynmann diagrams shown in Fig. 1, and
obtain the self-energy of the & (1620),

4
1/2 _ 2 d'ki o 2
Xgi (ko) = Z Cr8zuiy W‘P [(k1 — kowy)E]
Y=A,505+
ki +my 1 )
ki —my (ki —ko)? —m%
S = Y Gy [ 0%k — koo )}
Z* 0) = Ygs*ky (27_[)4 1 0wY)E
Y=A,320, 5+
k] + my 1 i
ki kY, (6)
K —m? (ki — k)2 —m%

where k(% = mZE* with ko, m g+ denoting the four momenta
and the mass of the Z'*, respectively, k1, m &»and my are the
four-momenta, the mass of the K meson, and the mass of the
Y baryon, respectively. Here, we set mgx = my +mg — Ej
with E}, being the binding energy of &*. Isospin symmetry
implies that

1 Y=A4A
Cr=11/3 vy=x° @)
2/3 Y =31,

The coupling constant gz« ¢z is determined by the compos-
iteness condition [16-32]. It implies that the renormalization
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Fig. 1 Self-energy of the Z'(1620) state

Fig. 2 Feynman diagrams for the &*°

(p, k1, k2, p1, p2, and g) used in the calculation

constant of the hadron wave function is set to zero, i.e.,

d21/2(3/2 T)

Zg» =Xgy + Xga— d—ko

|k0=m5* = 07 (8)

where X 4p is the probability to find the & ( 1620)0 in the
hadronic state AB with normalization X g + Xz 4, = 1.0.

The 23/ >~T is the transverse part of the self-energy operator

:0(171)

7 (p2)

30 (ky)
(r)

— T E~(top) and 705 (below) decay processes. We also show the definitions of the kinematics

2523/2, related to 2513/2 via

Kk
3/2 3/2—-T
SIS (ko) = (g0 — 2 °>2/

O

T ©

For the 5 (1620), because of phase space, only the strong
decay into &7, & and radiative decay are allowed. How-
ever, radiative decay widths are often in the keV regime and
are far less than their strong counterparts. Therefore, in the
present work, we focus on the 7 Z two body decay and &
three body decay of the & (1620) in the K A — K ¥ molecu-
lar picture mediated by the exchange of K*, A, and X. The
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Fig. 3 Feynman diagrams for the 0 — 7t5~ 70, 795970 and 7+ Z%7~ decay processes. We also show the definitions of the kinematics

(p, k1, k2, p1, p2, p3, and g) used in the calculation

corresponding Feynman diagrams are shown in Figs. 2 and
3, respectively.

To evaluate the diagrams, in addition to the Lagrangians in
Egs. (2) and (3), the following effective Lagrangians, respon-
sible for the interactions of light pseudoscalar and vector
mesons are needed as well [33]

Lypp = —ig(lP, 9, PIV"), (10)
where P and V#* are the SU(3) pseudoscalar and vector

meson matrices, respectively, and (...) denotes trace in the
flavor space. The meson matrices are [33]

o + +
aTs T KO
= - _z
P = b4 ﬁ_—(l)_ 7 K2 . (11)
and
1.0 + *+
5P+ o) 1 po K .
V= pm e KO (12)
K* K*O ¢
0

The coupling g is fixed from the strong decay width of K* —
K. With the help of Eq. (10), the two-body decay width
I'(K*t — K% ™) is related to g as

2
2
rK* — Ko7+ = #Pﬁm =Sk, (13)

K*t

where P, g+ is the three-momentum of the 7 in the rest
frame of the K*. Using the experimental strong decay width,

@ Springer

Table 1 Masses of the particles needed in the present work (in units of
MeV)

A g~ =0 KO 70

1115.683 132171 1314.86 497.611 134.977

K*O K*i Kj: ni 2+ 20
895.55 891.76  493.68 139.57 1189.37  1192.642

I'g++ = 50.3 & 0.8 MeV, and the masses of the particles
listed in Table 1, we obtain g = 4.64 [1].

Moreover, meson-baryon interactions are also needed and
can be obtained from the following chiral Lagrangians [33,
34]

Lvgg = g(Byu[V*, Bl) + (By,B)(V")), (14)
F _ D _
Lppp = E(BVM/S[M“, B]) + 3(37//1)/5{”#7 BY}), (15)
Lpppp = #(BV“[(P%P — 3, PP)B

— B(Po,P —9,PP)]) (16)

where F = 0.51, D = 0.75 [33,35] and at the lowest order
ult = —/20"P/f with f = 93 MeV, and B is the SU (3)
matrix of the baryon octet

1 50 1 +
520+ R4 1 z 1 p
B= - —5X0+ A n [oan
o g0 -2ZA

NG
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Putting all the pieces together, we obtain the following
strong decay amplitudes,

_ 3 3
My (8 > 877%) = —(1)3%8285*“?
a* _
X /ﬁ(b[(kla)/\—kzwlgo)z]u(pl)yu
ko +my 1
kz—F{u(p) lk2up(p)}—2
2 My mgo
—g" +qlq¥ /m5.

2 9
q2 - K*’

x (k1 + p2v) (18)

Mp(E® - 571t = () fg 85w 500
d* .
< / S @llas0 = koo Pli(p)y

P 1
T (P, ik up(p)) =

20 ki —my,
—g" +q"q" /my.
x (kiy + pav) R (19)
qc — My,

)_(,)3\fg gK-x+5+

« / o Plkios: — kg Py,

k2 + m>:+
k2 —

k2+m20
kz_

Fiu(p), zk"up(m};z
2+ my -
—&" +qq" /m3.

9> — m%(*o ’
(D —3F)

376 f2

d4q 24—
« / Pl — kg iy

qd+ma ko +m 2
D) 2¢2 5
qc —m k2

x (k1y + p2v) (20)

D
MyE® — E7 7)) = () gz sk

I'{u(p), ikbu,(p)}

E+

—

X —5——5—, 2n

)3F(D + F)

M(EYN - E7n )y =—( SrstK-
e 2f2 YTK

d4q 24—
« / S Plkios: — kg Pl

+ mxo Ko+ m
X 75 "2 i P25 o L P (). ik§up(p))
q kz 2+
x ! (22)
klz—m%(,’

" o D+ F)F
Mf("'o E at)y=—( )3%3'"*201(0
d4q 24—
X /WCD[(klw;o —kowgo) lu(p)k
Fmy- +m
% ys LI R b . ik ()
q° —m5,_ ky —m 20
1
X k%_—mz_o, (23)
K
o o .2D(D+F)
My(E® — & n+)=(z)3—ﬁf2 82+ AR
d4q 24—
X [Wd’[(klw/x —kawgo) lu(p)k
+ + .
x )/5;2 _’”” by ffz T Dlu(p). ik ()
2 A
1
e 24)
J4
20 _, 50,0y _ 3D(D+F) i
Mp(E*° - 2%0% = —@) —%fz 85% AR

d4q 24—
x / S Pl ~ kwgo li(p

qd+mxo kz +ma .
= hays I'{u(p), ikYu,(p)}

2 2

q-—m ky —m%

Z‘O
1 (25)
X —7
k% —m%o
F(D + F)
. 7*0 r;vo _ 3 - ~
M;(8* - 2%%) = —(i) —ﬁfz 8E*5+K
dq .
X 2n) D[(kiwg+ — kowg-)lu(p1)k
+m +m )
)y LI s T ). ik ()
97— Mg+ ky —my,
1
X ) 26
K —m2 (20)
_ (D—-3F)D
Mj(E — E77h) = () ———— gz 0k
j 6312 85+ x0K0
a* )
X /ﬁq)[(klwzo—kaIEO)z]M(PI)kl
4d+m K2 +m
XY5s— 3?2 V55 2 '{u(p), zkzup(p)}
q- —nm, kz - 20
1
X ———s—, 27)
k% —m%o

1
Mp(E¥ - 5%7°%) = (i)3ﬁ8285*2+1<—
d'q .
X / 2 )4¢[(k1wz+—kzw1<—) Tu(p)yu
+ 1
f2tmzr ’”E*r{u(p) zkzup<p>}—m2

2
ky — ):+ -

@ Springer
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—8" +q"q" my.
2 2 ’
q* —my.

0y = (1)3f AR

x (k1y + p2v)

(28)
M8 — 5°n

« f e Plki0s — kg Plitp)y

ko +ma 1
o ), ik ()
kz —my ky mgo
—g" +qtq" /m3
x (k1y + p2v) 2 3 K s
q- — mK*O

(29)

1
M (E*O — EOT[O) — (1)3 2 520 70
r 2\/§g 830K

d4q 24—
. / S Plkios — kawg)lipyy,
kz + mzo

1
TP, ik ()
k2

):0 ki —my,
_guv + qﬂq“/mK*O

2 2 ’
q _mK*O

x (kv + p2v) (30)

where {u(p), and ikgup(p)} are JP = 1/2and J¥ = 3)2
& (1620) fields,respectively.

The amplitudes of the £°(1620) — 777 & that are shown
in Fig. 3 can be also easily obtained from the Lagrangians

D
2#0 o 0+ 0 : N3
MHEY - E7 7%, 8%~ 7)) =i@) Fga*ﬂg

/i =3
X{ ’ ]/(2)4
A
2
my

(k1w2+ —kowg-) ]

k2 +m2+

qd+m
¢yk2

x u(pk .

E+

1
x T{u(p), ikyup(p)}—>——s—, (3D
2 k12 —m%(,

_ _ .3 F
Mp(E* - E- 27t 207 n+)=l(1)3ﬁg5*zk

11 d*q )
X {—E,F} Wq) [(kla)2+—k2a),(—) ]
¢+ 20 k2+m2+
m 5k2

X M(Pl)kl
2+

1
x F{u(p),ikgup(p)}kz—z, (32)

1~ M-

F
=0 —~—_0 —~0_— .3
MA(EV S 272% T, B2t = i) Fgg*xk

1 1 d*q )
) {4ﬁ’_4f}/(271)40)[("1‘”20_"2“””)]

g4 +mz+ k2 +mxo
<k "2 pas T
—myy k2 20
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1
x T'{u(p), ik5uy(p)}——, (33)
k% —m%o

D
0 — 0+ =0_— L3
MgEY - E 7% %, 8% 7)) =i@) Fga*ﬂg

11 d*q 5
-, ? | (kjws — kawog
) { NG 4J§} s ® [ (ra koo’
_ +my+ 2+m
x u(prk q2 )‘; b2vs k2 2
g — Mgy ky —m

(34)

. 1
x T{u(p), ikyup(p)}5———,
kl —Eo

D
=40 =000 m— 0y _ :¢\3
Mp(EY 5 B0 B2t 2) =i@) Fgg*):,g

11 d*q 5
g {8«/5’ 4%} e [ta0a — ooz’

_ ¢+ mso o+ ma
x u(pkr— = poys—s
q°—myy ky —m%

1
X D{u(p). iy (p)) . (35)
7

KO

Mf(E*O — 5% 00 g=xgtr

o1 Ve Y
a3 12| ) an?

_ qd+mx+ ko +mx+
x u(pkr— 22 P2ys E
q= — Mgy k2

3 F
=i ezesk

— L d[(hws+ — khog-)*]

E+

. 1
X F{u(p),tkfup(p)}m, (36)

- 3D
Mg(E* - E%07° 5=nt7%) = 1(1)3Fg3*2,3

1 V2
X {—g ?} W [(klwzo_kak0)2]

f2 +mxo
¢25 22

EO

1
x r{u(p),iké)up@)}kz—z

x u(p) qz

37)

1~ Mgo

Once the amplitudes are determined, the corresponding
partial decay width can be easily obtained, which reads as,

= 0 = 1 1 Ipil
I'(E(1620) —>na):/21+132ﬂ2 n . IM2dS,
(38)
16200 > 7=x) =/ ! ! |M|p%]
2J +1Q2n)3 16M2
X [paldmygd25, dQy,.  (39)
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where J is the total angular momentum of the = (1620),
|p1] is the three-momenta of the decay products in the cen-
ter of mass frame, the overline indicates the sum over the
polarization vectors of the final hadrons. The (p3, Q;‘B) is
the momentum and angle of the particle & in the rest frame
of & and 7, and €2, is the angle of the 7 in the rest frame
of the decaying particle. The m z is the invariant mass for
mand E andmy +mg <myz < M —my. The total decay
width of the = (1620)° is the sum of I"(Z(1620)° — 7 &)
and I'(E(1620)° — n7 5).

3 Results and discussions

Before calculating the two body decay width, we need to
determine the coupling constants relevant to the effective
Lagrangians listed in Egs. (2) and (3). Considering £(1620)°
as a KA — K ¥ hadronic molecule, the coupling constants
gk z+ 4 and g g . 5 can be estimated from the compositeness
condition that we introduced in the previous section. The x z ,
dependence of the coupling constants gz -« 4 and gz g+ x5
are presented in Fig. 4. The coupling gz g+ , monotonously
increases with increasing X , ¢, and the dependence on X , ¢
is the weakest for the J© = 1/27 case, where the 5*(1620)
is an S-wave KA — KX molecular state, while it is the
strongest for the J” = 3/27 case. Comparing gz 5« y With
gk z+a» We find that their line shapes are very different,
i.e., the coupling constant gz -« - decreases with increasing
X 4 - We find that gz -« 5; is the largest for the JP =3/2"
case, is intermediate for the J* = 1/2% and J* = 3/2%
cases, and is the smallest for the J¥ = 1 /27 case. The
opposite trend can be easily understood, as the coupling con-
stants gz g+, and gg o« are directly proportional to the
corresponding molecular compositions [23]. Moreover, the
relations between the coupling constants gg -« x» and gz g+ 4
can be deduced from Eq. (8) and are given in Table 2.

X -
XK
100 075 050 025 000 075 050 025 0.00
100 T T T — T —— 100
— =12 S JP=3/2"
L - - == A 7
- \.
-~ \_
[ - N ]
250 Pl H ‘N 450 €
iy P N o
P .
25+, 4+ \.d25
D . \
U TERRanpepa S T o= se )
0 —. — 1 . 1 . 1 R | N | N | | N 0
000 025 050 075 100 025 050 075 1.00
X _
A K

Fig. 4 Coupling constants of the Z(1620) with different J ¥ assign-
ments as a function of the parameter X 5 g and X , ¢ which is the prob-
ability to find the & (1620)0 in the hadronic components KX and K A,
respectively

Table 2 Relations between the coupling constants gg =« 5, and gg g« 4

Spin-parity (Aggz: ) =1— (Bggz:s)?

A B
JP=1/2" 0.6014 0.1969
JP =1/2% 0.1023 0.0559
JP =372 0.0132 0.0111
JP =3/2% 0.0620 0.0436
Xz K X): K
,0j%0 075 050 025 000100 075 050 025 0.00
(a)J=1/2" = (b)JP=1/2"
150} - 6f
~ 100} T Toual 4t
3
= 50f 2t
T 0 0
°80.16 3 + 80 5 —
S (c)J"=3/2° (d)J"=3/2
< o0.12{ 60} ]
o,
~0.08 1 40
0.04} 20t
0.00 ‘ ’ P 0 ‘ : :
0.00 025 050 075 1.000.00 025 050 0.75 1.00
= X -
A K A K

Fig. 5 Partial decay widths of the £(1620)° — 7 & (black solid line),
£(1620)° — 77 £ (blue dash dot line), and the total decay width (red
dash line) with different J© assignments depending on the parameter
Xz 4 and X g 5.. The LT Cyan bands correspond to the total experimental
decay width

With the obtained couplings gz g+ 4 and g g« 5, the par-
tial decay width of the Z (1620)° can be calculated straight-
forwardly. The dependence of the partial decay width on
X g 4 of the E'(1620) for various quantum numbers is given
in Fig. 5. In the present study, we vary X g 4 from 0.0 to 1.0.
For small X ¢ ,, the total decay width decreases with increas-
ing X g ,. However, it increases when X g , varies from 0.91
to 1.00 and 0.54 to 1.00 for the J¥ = 1/2% and J© = 3/2*
assignments, respectively.

As showninFig. 5, the LT Cyan bands in these plots denote
the experimental data. For the J© = 1/27 case, the predicted
total decay width increases from 0.011 to 6.787 MeV and
is much smaller than the experimental total width, which
disfavors such a spin-parity assignment for the = (1620)°
in the KA — K X molecular picture. For the J© = 3/2~
assignment, the total decay width is also much smaller than
the experimental total width. This disfavors the assignment
of this state as a KA — K X molecular state as well. The
same is also true for the JX = 3 /2% case. Hence, only the
assignment as an S—wave K A — K ¥ molecular state for the
E(1620)" is consistent with the Belle data [2] when X ¢ , is
in the range of 0.52—0.68. In this region, the total decay width
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Fig. 6 Decomposed contributions to the decay width of the & (1620)°
into 7 & and 77 & as a function of the parameter X z , and X 5,

for this state is predicted to be about 50.39—68.79 MeV. From
Fig. 5 we conclude that the total experimental decay width
can be well reproduced, which provides direct evidence that
the observed & (1620)° is an S— wave K A — K ¥ molecular
state.

Fig. 5 also tell us that the transition £ (1620)° — 7 &
is the main decay channel, which almost saturates the total
width of & (1620)°. However, the transition & (1620)° —
& that is not considered in Ref. [13] gives minor contri-
butions and the 7 = three-body transition strength is of the
order of about 1.0 KeV.

From Fig. 5, we also note that the decay width of the
observed & (1620) can not be well reproduced in a pure K A
or pure K ¥ molecular state picture. Namely, the interference
among the two channels is sizable, leading to a total decay
width consistent with the experimental data in the case of
the J© = 1/27. In other words, the K A channel strongly
couples to the K ¥ channel. Comparing our results with those
in Ref. [14], it seems that a study of the spectroscopy alone
does not give a complete picture of its nature. Furthermore,
the K A component provides the dominant contribution to
the partial decay width of the 7 & two-body channel. This
is consistent with the result of Ref. [13] that the & (1620)
has a larger contribution from the K A channel than the X K
channel.

The coupling constants and the partial decay width of the
Z(1620) with different J© assignments as a function of the
parameter X sz which is the probability to find the & (1620)°
in the hadronic component K X are also shown in Figs. 4 and
5, respectively. Both the coupling constants and the decay
width exhibit opposite trend to the X g , dependence. More-
over, the individual contributions are presented in Fig. 6. One
can see that the contribution from the X and A exchanges is
smaller than those from K* meson exchanges for the X ¢ ,
and X g 5. range studied.

@ Springer

It should be noted that Ref. [8] showed that the = (1620)
couples strongly to the 7 5 and the K A channels but very
weakly to 7= and XK. If we treat the 5 (1620) as a pure
n& molecular state, we find that the n= channel provides a
negligible contribution to the partial decay width into 7 &.
Furthermore, based on the Weinberg—Salam compositeness
condition, we find the 7 & component is significantly sup-
pressed and it contributes negligibly to the partial decay width
into w&. A possible explanation for this may be that the
threshold for 7 & is too low to allow for a bound state at
1620 MeV [28]. Because of these reasons, the n= and 7 &
channels are not considered in this work.

The &*(1620) is one of the peculiar resonances discov-
ered during past few years and its properties cannot be simply
explained in the context of conventional constituent quark
models. As indicated in Refs. [8-14] and our work, the
Z%*(1620) can be understood as a pure molecular state in
comparison with the Belle data [2]. However, at present we
cannot fully exclude other possible explanations such as a
mixture of three quark and five quark components (as long
as quantum numbers allow, it might well be the case). We
note that such studies in the quark pair creation model still
suffer from relatively large uncertainties [36].

4 Summary

We have studied the strong decay of the newly observed
Z(1620)° into 75 and 7w E with different spin-parity
assignments and assuming that it is a KA — K ¥ molecu-
lar state. With the coupling constants between the & (1620)°
and its components determined by the compositeness condi-
tion, we calculated its partial decay widthinto 7 & and 7w &
via triangle diagrams in an effective Lagrangian approach.
In such a picture, the decay into & and mwmwZE occurs
by exchanging K*, A, and X. We found that the total
decay width can be reproduced with the assumption that
the = (1620)° is an S—wave KA — K ¥ bound state with
JP =1 /27, while the P- and D-wave assignments are
excluded. The K A component provides the dominant con-
tribution to the partial decay width into 7 & and 7 Z. More
specifically, about 52-68% of the total decay width is from
the K A channel, while the K ¥ channel provides the rest.
We find that if the 5 (1620)? is a K A — K ¥ molecular state,
the 7w & three-body transition strength is quite small and the
decay width is of the order of about 1.0 keV. Future experi-
mental measurements of such a process can be quite useful
to test the molecule interpretation of the = (1620)°.
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