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= baryon strong decays in a chiral quark model
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The strong decays of E baryons up to N = 2 shell are studied in a chiral quark model. The strong decay
properties of these well-established ground decuplet baryons are reasonably described. We find that
(i) E(1690) and = (1820) could be assigned to the spin-parity J* = 1/2~ state 70,28, 1, 1,1 ) and the
spin-parity J© = 3/27 state |70, 28, 1, 1,3 ), respectively. Slight configuration mixing might exist in these
two negative parity states. (ii) Z(1950) might correspond to several different E resonances. The broad
states (I' ~ 100 MeV) observed in the = channel could be classified as the pure J* = 5/27 octet state
70,48, 1, 1,2 ") or the mixed state | Z 1" ); with J* = 1/27. The = resonances with moderate width (I' ~
60 MeV) observed in the S channel might correspond to the J* = 1/2* excitation |56, 410,2,2,1").
The second orbital excitation |56, 410, 2, 2, 3+) and the mixed state |E%7> | might be candidates for the
narrow width state observed in the AK channel; however, their spin-parity numbers are incompatible with
the moment analysis of the data. (iii) Z(2030) could not be assigned to either any spin-parity J© = 7/27
states or any pure J© = 5/2% configurations. It seems to favor the |70, 28, 2, 2, %+) assignment; however,
its spin conflicts with the moment analysis of the data. To find more E resonances, the observations in the

E(1530)7 and 2(1385)K channels are necessary.
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I. INTRODUCTION

Understanding the baryon spectrum and the search for
the missing baryon resonances are hot topics in hadron
physics. For the scarcity of high quality antikaon beams
and the small production rate for the = resonances via an
electromagnetic probe, the E spectrum is still far from
being established. There are only a few data on the E
resonances from the old bubble chamber experiments
with small statistics. Among the 11 E baryons listed in
the review of the Particle Data Group (PDG) [1], only the
ground octet and decuplet, Z(1320) and E(1530), are well
established with four-star ratings. Although the resonances
2(1690), 2(1820), =(1950), and =(2030) are three-star
states in PDG, only E(1820) has a determined spin-parity
JP=3/2".

A few theoretical studies of the = baryon spectrum can
be found in the literature [2—14]. All of the phenomeno-
logical models can well explain the two ground states
E(1320) and Z(1530); however, their predictions for the
excitations are very different. For example, there is a lot of
controversy about the spin-parity of Z(1690). It might be
the first radial excitation of = with J¥ = 1/2%, according
to the mass calculations with a nonrelativistic quark model
by Chao et al. [3]. This classification was also supported by
the recent quark model study of Melde et al. [13].
However, with a relativized quark model Capstick and
Isgur predicted that the first radial excitation of E should
have a larger mass of ~1840 MeV [4]. Recently, Pervin
and Roberts suggested that Z(1690) could be assigned to
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the first orbital excitation of E with J* = 1/27, although
their quark model predicted mass is about 35 MeV heavier
than the mass of Z(1690) [11]. They believed that a more
microscopic treatment of spin-orbit interactions, can be
expected to drive this state to slightly lower mass. The
calculations from the Skyrme model also indicated that
2(1690) should have JP =1/2~ [12]. Furthermore,
E(1690) was discussed to be a dynamically generated state
with J¥ = 1/27 [15,16]. It should be mentioned that the
BABAR Collaboration, in a study of A — E- 7K™,
recently found some evidence that Z(1690) has JF =
1/27 [17].

Even for the E(1820) with well determined spin-parity
quantum numbers, J¥ = 3/27, there still exist many puz-
zles in the explanations of its nature. Considering =(1820)
as a JP =3/27 orbital excitation, its mass and decay
properties could be well explained in the nonrelativistic
quark model [3] and algebraic model [6]. However, con-
sidering Z(1820) as a J¥ = 3/2~ excitation, the mass of
E(1820) is obviously underestimated by the relativized
quark model [4] and one-boson exchange model [5]. In
the unitary chiral approaches, =(1820) was even suggested
to be a dynamically generated state from the A decuplet-
pion octet chiral interaction [15,16].

Although E(1950) is a three-star state listed in PDG, not
much can be said about its properties [1]. According to
various phenomenological model predictions [3,7-9,18,19],
many states with spin-parity quantum numbers, J© = 1/2*,
3/2%*, and 5/27, could be candidates for Z(1950), because
their predicted masses are close to 1950 MeV. Alitti et al.
suggested that the broad E resonance (I' = 80 = 40 MeV)
with a mass of M = 1930 £ 20 MeV observed by them
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could be classified as the pure J© = 5/27 octet state [20].
With this assignment, the mass and total and partial decay
widths seemed to be reasonably understood. However, the
observations of Biagi et al. [21] do not satisfy this classifica-
tion. Although they observed a = resonance around
1950 MeV in the A K invariant mass distribution, its favorable
spin-parity should be 5/2* or its spin should be greater than
5/2 in the natural spin-parity series 7/27,9/2%, etc.,[21]. In
fact, there might be more than one E near 1950 MeV [1].
Recently, Valderrama et al. proposed the existence of three
E(1950) states: one of these states would be part of a spin-
parity 1/2% decuplet and the other two probably would
belong to the 5/2% and 5/2~ octets [22].

About Z(2030), not many discussions can be found in
the literature. A moment analysis of Ref. [23] suggested
that the spin of E(2030) should be J = 5/2. According to
the SU(3) symmetry of hadrons, Samios et al. predicted
that Z(2030) was most likely to be the partner of N(1680),
A(1820), and 2(1915) with J¥ = 5/2" [24]. The quark
model mass calculations indicated that the second J* =
5/2% state and J¥ = 7/2% state might be candidates for
E/(2030) [3,11]. However, the recent strong decay analysis
of Ref. [22] did not support the classification of Ref. [24].

Fortunately, the situation of the poor knowledge about
these hyperon resonances is to be changed completely with
the running of the Japan Proton Accelerator Research
Complex (J-PARC) facility, where high quality antikaon
beams will be available very soon [25]. Then, the =
baryons can be directly produced on the nucleons by the
process KN — EK with large production cross sections.
Furthermore, the investigation of = baryons is also one of
the major parts of the physics programs at PANDA via
the process pp — EE [26], at Jlab via the photoproduc-
tion processes yp— K K*E~ and yp—K'K*E'7m
[27-29], and at BESIII via the process charmonium —
EE [30,31], etc. Thus, these new facilities provide us
with good chances to study the = spectrum.

Stimulated by the great progress achieved in experi-
ments, more and more theoretical interests have begun to
focus on the E physics. For example, some theoretical
studies of the production of = via KN — EK [32,33]
and yp — K*K*E~ [34,35], and the determination of
the parity of E resonances in these reactions, were started
recently [36]. In this work, we make a systematic study of
the strong decays of the E resonances in a chiral quark
model, which has been developed and successfully used
to deal with the strong decays of charmed baryons and
heavy-light mesons [37-41]. Here, we mainly focus on
the three-star E resonances =(1690), E(1820), E(1950),
and E(2030).

This work is organized as follows. In the subsequent
section, baryons in the constituent quark model are out-
lined. Then a brief review of the strong decays described
within a chiral quark model approach is given in Sec. III.
The numerical results are presented and discussed in
Sec. IV. Finally, a summary is given in Sec. V.
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II. BARYONS IN THE QUARK MODEL

A. Spatial wave functions

A baryon containing three quarks may be described
by an oscillator potential Hamiltonian [42] in a nonrela-
tivistic form:

H=3 P ks -y ()
i=1 M

2m i<y

where r; and p; are the coordinate and momentum for the
Jjth quark in the baryon rest frame, respectively. The quarks
are confined in an oscillator potential with the potential
parameter K independent of the flavor quantum number.
One defines the Jacobi coordinates to eliminate the center
of mass (c.m.) variables:

1
p=—(r — 1), 2
p \/5( 1 2) (2)
> 1 m1r1+m2r2 )
/\=—<7—2r , 3
\/8 m, +m2 3 ()
RC_mA =m11'1 +m2r2+m3r3 (4)

M ,
where M = m; + m, + m3. Using the Jacobi coordinates
in Egs. (2)—(4), the oscillator Hamiltonian (1) is reduced to
P, ]

1 3
F 3 P 3, PSR A )

H 2M  2m o

where

5

pp = mpp’ Py = m/\/\’ Pc.m. = MRc.m.’ (6)

with

_ 3(my + my)my _ 2mym,

)y M , m, = (N

my + my ’

For a E baryon, it contains two strange (s) quarks and a
light u/d quark. According to Egs. (2)—(4), the coordinates
r;, Iy, and r3 can be translated into functions of the Jacobi
coordinates A and p, which are given by

1 3m' - 1
=R +=— A+ —=p, 8
r c.m. \/62m+m’ \/zp ( )
1 3m’ - 1
= + —
rs Rc.m. \/-6— om+m! A \/EP; (9)
2 3m -
=R — 4= A 1
rs o \/;Zm +m’ A (10)
Then, the momenta p;, p,, and p; are given by
m 1 1
=— +—=p,+—=
Pi MPc‘m. \/Ep/\ \/zppr (11)
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m 1 1
=_—_P.,. +—=pPr— —=P, 12
P2 M c.m. \/Ep/\ \/ipp ( )
m' 2
=P, — 5P 13
Ps3 M c.m. \/;p)\ ( )

where m and m' stand for the masses of strange and u/d
quarks, respectively.

The spatial wave function is a product of the p-oscillator
and the A-oscillator states. With the standard notation, the
principal quantum numbers of the p-oscillator and
A-oscillator are N, = (2n, +1,) and N, = (2n, + 1)),
and the energy of a state is given by

The total principal quantum number (i.e., shell number) N
is defined as

N=N,+N, (15)
and the frequencies of the p mode and A mode are
w, = 3K/m,)"?, w, = (3K/m,)"/>. (16)

In the constituent quark model, a useful oscillator
parameter, i.e., the potential strength, is defined as

3m! \1/4
L) a, (A7)

a) = (mAwA)l/z = <2m -

For a E baryon, the constituent mass of a strange quark is
close to that of a u/d quark. Thus, the relation

aAzapEah (18)

is a good approximation.
The total spatial wave function of the oscillator
Hamiltonian can be written as [43,44]

e iPem Rem,

——— VG, (3N, (19

W(ry, 1y, 13) = (277_)3

where Wg,, (p, X) is the harmonic oscillator wave func-
tion, and the o = s, p, A, a stands for the representation of
the S; group. The harmonic oscillator wave function is
given by [43,44]

e~ @2 (00)

3
> N ay,
\I’ll\TILLZ(Pr A) = Pl‘\T/LLZ Y

where Pg;; is a polynomial of p and A. Explicitly, the
states within NV = 2 can be obtained [44]:

N=0 L=0 Py=1 1)
N=1 L=1 P =ap. (22

Pl = apAy, (23)
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2
ay S Y _
N=2, L=0, P;OO=\/—/3£(p2+/\2—3ah2), (24)
p a% Y
Pl =125 - A, 25
w =7 P (25)
Phy = L5~ 1) (26)
200 Ve p )
1
L=2 Py =5aiph + 1), (27)
szz = a%,p+/\+: (28)
1
Pé\zz = Ea%(pi - )‘3)’ (29)
L=1, P4 =a(pih.—Ap).  (30)

B. Flavor and spin wave functions

In the quark model, the SU(3) flavor wave functions of
the symmetry decuplet are [44]

(uuu, A+
71§(uud+ udu + duu), A+
71§(uus+usu+suu), s+
ddd, A

. J(udd + dud + ddu), A0
Jx(dds + dsd + sdd), s
sSS, Q
71§(uss + sus + ssu), =0
jg(dss + sds + ssd), -

L%(ua’s + sud + dsu+ sdu + dus + usd), 2*°

(€2))
and the mixed-symmetry octet wave functions are [44]
fﬁ@uud—duu—udu), p
713(de + udd —2ddu), n
713(2uus—suu—usu), pI
I _ _ 0
o= + ?g(sdu + sud + usd + dsu —2uds — 2dus), 27 ’
%(des —sdd — dsd), p3
Y(sud +usd — sdu — dsu), A
jg(sus + uss —2ssu), =
| J=(dss + sds — 2ssd), =-
(32)

094002-3



LI-YE XIAO AND XTAN-HUI ZHONG

while the mixed-antisymmetric octet wave functions are [44]

.
%(udu —duu), p
\/%(udd— dud), n
715(usu — suu), po
3(sud + sdu — usd — dsu), 30

P =

™M

Vli(dsd— sdd),
ﬁ(usd + sdu — sud — dsu — 2dus + 2uds), A

\/%(uss — sus), =A
L (dss — sds). =
|2
(33)

TABLE 1.
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The total antisymmetric singlet flavor wave function is
1
V6

In the quark model, the typical SU(2) spin wave func-
tions for the baryons can be adopted [45,46]:

a —

(uds + dsu + sud — dus — usd — sdu). (34)

X =T Xy =L
1
Xijn = ML+ T+ 1D, (35)

1

Xl = \/g(ﬂl + U+ 1),

for the spin-3/2 states with symmetric spin wave functions,

The spin-flavor-space wave functions of different light baryons, denoted by

NG, 2t N3, N, L, JP). The Clebsch-Gordan series for the spin and angular-momentum addition
. J.) = 30 5.0 (LL, SS_|JJ )W, xs, has been omitted.

State

G

95}

Wave function

156,28,0,0,1")
56,410,0,0,3"
56,28,2,0,1")
156,410,2,0,3")
156,28,2,2,37)
156,28,2,2,3")
56,410,2,2,1"
156,410,2,2,27)
156,410,2,2,3")
156,410,2,2,2")
170,28, 1,1,1 )
170,28,1,1,3
70,48,1, 1,1
170,48, 1,1,3")
170,8,1,1,3 )
170,210, 1, 1,5 )
170,210, 1, 1,2")
[70,28,2,0,17)
170,48,2,0,3")
170,210,2,0,1 ")
|70,28,2,2,37)
170,28,2,2,3")
[70,48,2,2,17)
170,48,2,2,3")
170,48,2,2,3")
[70,48,2,2,27)
170,210,2,2,27)
170,210,2,2,3")

DN NN NNN R =R s == NN N NN O oO|Z
IV IV 11 11 RI NI [ [ = 1L = 1w I NI R RIU IJL) 1102 I I IO~ IO~ RIUr RILY RIL) Rf— RJLd M|—
RN N RN N O OO = = = = = = = N DNDNDNDDNDDDOo o o o

156,2 8)Woo
156, 10)W3,,
56,2 8) W3,
156, 10)¥3,,
56,2 8)W3,,

56, 10)®3,,

70,2 8)7 Wy, + 170, 8)* Wy,

170,48 Wh,, + 1704 8 W,

|70,2 10)’)’\1},1)le + |70r2 10>)"\Iji\1LZ
70,2 8)P W5, + 70,2 8)A W3,
70,4 8)PW4, + [70,4 8)A WA,
70,2 10)P W5y, + 70,2 10y W3,
|70,2 8>p’\II52LZ + |70)2 8>/\\P£\2L:

70,4 8)rW5,, + 70,4 8)\ W3,

1702 10)°W5,, + [70.% 103,

B= B[— DLW W W W = = = W = = N— W W W = = 1w W W W = = W = W =
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1

P 1
X1/2_\/§ =

M =1 =

(T =1, (36)

for the spin-1/2 states with mixed antisymmetric spin
wave functions, and

v 1
Xipp = _\/_3

1
X/ll/z = +%(”l + It =2 1),

for the spin-1/2 states with mixed symmetric spin wave
functions.

The flavor-spin wave functions are representations of
SU(6), which are denoted by |Ng, >5*1N;), where Ng (N3)
represents the SU(6) [SU(3)] representation and S stands
for the total spin of the wave function. The symmetric 56
representation wave functions are [44]

M+ 41 =21,
(37

1
56,28)" = —=(pPx* + d*xN), 38
|56, 28) ﬁ(¢ X’ + ") (38)

156, 410)* = ¢°x*, (39

and the antisymmetric 70 representation wave functions
are [44]

170,28 = %(dﬂw £y, (40)
170,48y = ¢ x, (1)
170,210 = 'y, “2)
70,21)? = ¢ x*, (43)

while the symmetric 70 representation wave functions
are [44]

170,28 — ji(cbw — ¢y, (44)
70, 48)* = p* x*, (45)
[70,210)* = d)s)()‘, (46)
170, 21" = ey, 7)

and the antisymmetric 20 representation wave functions
are [44]

1
20,28)7 = —=(¢?x* — p*x?), 48
120, *8) \/z(dw( ' x’) (48)

120,41)* = ¢y (49)
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C. Total wave functions

The total spin-flavor-space wave functions are the
SU(6) ® O(3) representations, which are denoted by

ISU6) ® O(3)) = |Ng, TIN5, N, L, JP). (50)

The spin-flavor-space wave functions have to be permuta-
tion symmetric because the baryon color wave function is
totally antisymmetric. The spin-flavor-space wave func-
tions up to N = 2 shell are listed in Table I. So far no
experimental evidence for the existence of the 20 SU(6)
representation has been found; thus, we do not consider
these excitations in this work.

III. STRONG DECAY OF A BARYON IN THE
CHIRAL QUARK MODEL

In the chiral quark model, the effective low energy
quark-meson pseudoscalar coupling at tree level is given
by [47-50]

H, =Y —§yuyiv7 0" d,, (51)
j.m

where i ; represents the jth quark field in a baryon, and f,
is the meson’s decay constant. The pseudoscalar meson
octet ¢,, is expressed as

FT " K*
bu=| T TETETET K| o
K- K° - %n

To match the nonrelativistic harmonic oscillator spatial
wave function NW;; in the quark model, we adopt the
nonrelativistic form of Eq. (51) in the calculations, which
is given by [47-50]

3
SlEs + My E; + M;
—oq+ o pi (53)
J q 2,“/(1 J p] jq’m’

where o ; is the Pauli spin operator on the the jth quark of
the baryon, and u,, is a reduced mass given by 1/u, =
1/m; + 1/m5-, with m; and m; for the masses of the jth
quark in the initial and final baryons, respectively. For
emitting a meson, we have ¢,, = ¢~ /47, and for absorbing
a meson we have ¢,, = ¢4 In the above nonrelativistic
expansion, pi(= p; — m;/MP.,) is the internal momen-
tum operator for the jth quark in the baryon rest frame. w,,
and q are the energy and three-vector momentum of the
meson, respectively. P; and P, stand for the momenta of
the initial and final baryons, respectively. The isospin
operator /; in Eq. (53) is expressed as
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ra;r(u)aj(s) forK*,
a}r (s)a;(u) forK~,
a;r (d)a;(s) for KV,
a;f (s)a;(d) for KV,

1= al (u)a;(d) form™, (54)

al(d)a;(u) for 7+,
Jlaf wa;(w) - af(d)a;(d)] for 7,
la! (wa ) + a (d)a(d)]eos b

L —a;f(s)aj(s) singp for i,

where a}r (u,d, s) and a;(u, d, s) are the creation and anni-
hilation operators for the u, d, and s quarks, and ¢p is the
mixing angle of the 7 meson in the flavor basis [1,51].

In the calculations, we select the initial-baryon-rest
system for the decay processes. The energies and momenta
of the initial baryons are denoted by (E;, P;), while those of
the final state mesons and baryons are denoted by (w, q)
and (Ey, P;), respectively. Note that P, = 0 and P, = —q.
For a light pseudoscalar meson emission in the strong
decay process of a baryon, B — B'M(q), the partial decay
amplitudes can be worked out according to

M[B — B'Ml(q)]
=3(B'{Go; - q + hoy - piize 9| B),  (55)

with
w

)
5—7’”_1, hz_’”, (56)
where B and B’ stand for the initial and final baryon wave
functions listed in Table I.

With the derived decay amplitudes, one can calculate the
width by [37]

S\ (Ef + Mplgl 1
=G M, (57
(fm) 47M,; 2J; + 1 lef| J[Z,szl 57

where J;; and J;, stand for the the total angular momenta
of the initial and final baryons, respectively. o as a global
parameter accounts for the strength of the quark-meson
couplings.

In the calculation, the standard quark model parameters
are adopted. Namely, we set m,, = m,; = 350 MeV, m; =
450 MeV, for the constituent quark masses. The harmonic
oscillator parameter «), in the wave function NV, ; is
taken as a;, = 0.40 GeV. The decay constants for 7, K,
and 1 mesons are taken as f, = 132 MeV, fx = f, =
160 MeV, respectively. The masses of the mesons and
baryons used in the calculations are adopted from the
Particle Data Group [1].
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IV. RESULTS AND ANALYSIS
A. E(1530)

E(1530) is the only E resonance whose properties are
all reasonably well known. According to the classification
of the quark model, it is assigned to the |56, 10, 0, 0, EA
representation. In the present work, the measured width for
2(1530)° — Er as an input (i.e., ' = 9.1 MeV [1]) to
determine parameter § in Eq. (57), which gives

6 = 0.576. (58)

With this determined parameter, we can predict the other
E resonance strong decays. First, the strong decays of
E(1530)~ are calculated. The results have been listed
in Table II, where we find that our predictions are in
agreement with the data. Furthermore, we have noted
that 2(1385) and A(1232) also correspond to the
[56,410,0, 0,2 +> representation. They are the SU(3)-flavor
counterparts of Z(1530). Applying the determined value
for 8, we calculate the strong decays of the X(1385)
and A(1232) resonances; the results are listed in Table II
as well.

It is seen that the predicted widths for 2(1385) are
compatible with the experimental data, and the partial
decay width ratio,

[[2(1385) — 7]

TTS(1385) = Am] = %134+ 009 (59)

is in good agreement with the PDG value [1].

TABLE II. The partial and total decay widths (MeV) of the
well-established baryons E(1530), 2(1385), and A(1232),
which correspond to the same representation |56,% 10, 0, 0, %+>
The experimental data are obtained from PDG.

State Channel It rm rob
E(1530)° = 5.6 9.1 (input) 9.1 0.5
=R 3.5
E(1530)~ EOm~ 7.1 103 9.9%1]
a0 32
>(1385)* S0 1.9 27.1 36 0.7
S0qt 1.5
A0z 23.7
3(1385)° Sta 1.8 27.9 36+5
S ot 1.3
AO7° 24.8
>(1385)~ P 1.7 28.7 394 =21
07~ 1.8
A7~ 252
A(1232)* pmt 63.9 63.9 114 ~ 120
A(1232)* pd 43.7 64.7 114 ~ 120
nmt 21.0
A(1232)° pmT 21.3 64.3 114 ~ 120
nar° 43.0
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TABLE III.
E2(1690) with different J* = 1/2~ assignments.

Assignment HEax 2K AK  E(1530)7 Tw
[70,28,1, 1, %7> 3.69 2230 2215 0.005 48.14
[70,8, 1, 1, %7> 59.05 558 2215 0.001 86.78
[70,210, 1, 1, %7> 3.69 1.39 5.54 0.005 10.63

The predicted widths for A(1232) are underestimated by
about a factor of 2 compared with the data. In fact, there are
systemic underestimations of the decay widths for the A
and nucleon excitations as well. The reason is that the
parameters used in this work are only fine-tuned for the
E resonances to make more reliable predictions for their
decay properties. For simplicity, we do not carry out a
global fit to strange and nonstrange baryons. We have
noted that the global parameter & = 0.576 used for the Z
resonances in this work is slightly smaller than that used
for the A and nucleon resonances in Ref. [52].

As a whole, the predicted strong decay properties for
E(1530)~, (1385) are compatible with the experimental
data. If a global fit to strange and nonstrange baryons is
carried out, the predicted strong decay width of A(1232)
can be closer to the data. Thus, the SU(3)-flavor symmetry
approximately holds in these ground decuplet baryons.

B. £(1690)

E(1690) is a three-star state listed in PDG. Its decay
width might be less than 30 MeV [1]. Three decay modes,
AK, XK, and Em, were observed in experiments.
Recently, the BABAR Collaboration found some evidence
that the 2°(1690) has J* = 1/2 in the study of A] —
E-a K" [17].

If 2(1690) is a J* = 1/2~ resonance, it should corre-
spond to one of the first orbital excitation states:
[70,28,1,1,4 ), 170,48, 1, 1,1 ), and |70,210,1, 1,1 ), or
a mixed state between them. Considering Z(1690) as the
170,%8,1,1,5 ), 70,48, 1, 1,4 ), and |70,210, 1, 1,1 ), re-
spectively, we calculate their decay properties, which are
listed in Table III. Comparing the predictions with the
measurements, we find that if Z(1690) is assigned to
70,28, 1, 1,1 ), the calculated decay width

I' = 48 MeV, (60)

The total and partial decay widths (MeV) of

PHYSICAL REVIEW D 87, 094002 (2013)

and partial decay width ratios

(SK) _

T(2(1530)7)
rag " T TER

.0, — ~(.0002,
I'(3K)

(61)

are roughly in agreement with the measurements. Neither
[70,48,1, 1,1 ) nor 70,210, 1, 1,1 ) could be considered
as an assignment to Z(1690) because their partial decay
width ratios disagree with the observations.

As we know, configuration mixing between several
states with the same J¥ often occurs via some interactions.
Thus, E(1690) might be a mixed state between
[70,28,1,1,47), 170,48,1,1,17), and 170,%210,1,1,1 ).
Now, we consider the physical states with J¥ = { as
mixed states between |70,28), |70,48), and |70,210).
According to the standard Cabibbo-Kobayashi-Maskawa
matrix method, the physical states can be expressed as

|:1*>
=4
2 /1 |7O,28>
|E4), | =ul 1mo.4s) | (62)
| :1-) 70, 210)
)
3
with
C12C13 $12€13 S13
U=| —512¢23 = C12523513  C12€23 — $12523513  $23C13 |,

TC12523 7 8512023513 €23C13

(63)

S12823 7 €12€23813

where ¢;; = cos 0;; and s;; = sin §;;, with 6;;, the mixing
angles, to be determined by the experimental data.

In the present work, we take Z(1690) as |21 ),. By
fitting the experimental data of DIONISI 78 [53] (see
Table IV), we have obtained 6, = 5°, 63 = 105°, and
6,3 = 95°. The theoretical predictions compared with the
data were listed in Table I'V. From the table, we find that the
decay properties of Z(1690) could be well described with
these determined mixing angles. Thus, Z(1690) could be a
mixed state.

With these determined mixing angles, Eq. (62) can be
explicitly written as

TABLE IV. The predicted total and partial decay widths (MeV) and partial decay width
ratios (MeV) of E(1690) = ¥, compared with the experiment data of DIONISI 78 [53]. The
mixing angles are 6, = 5°, 8,3 = 75° and 6,3 = 95°.

Channel r rm roe Channel ratio Ry, Rexp
Ha o 37 w3 [(XK)/T(AK) 288 2773
3K 27.0 I'(Ew)/T(ZK) 0.04 <0.09
AK 9.4 ['(E(1530)7)/T(2K) ~1074 <0.06
2(1530)7 0.01
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=1

-0.26 —0.02 0.97 |70,28)
E(1690){) =|—-0.95 —0.17 —0.26 || |70,*8)
|E{) 0.17 —0.98 0.02 [70,210)
3
(64)

From the above equation, it is obviously seen that the
main component of the physical state =(1690)
[70,28,1,1,1/27) (~90%), which slightly mixes
with [70,%210,1,1,1/27) (~7%) and |70,48,1,1,1/27)
(~3%).

In Ref. [54], the BABAR Collaboration studied the spin
of 2(1690) from A — AK ™ K°. They found that the spin
of Z(1690) is consistent with the value J = 1/2. However,
they could not determine the parity of Z(1690). According
to the mass predictions of the quark model, the mass of the
first radial (2S) excitation of E with J =1 might be
close to 1690 MeV [3,13]. Thus, we should consider the
possibility of E(1690) as the positive parity radial (25)
excitations with J* = 1 . In the constituent quark model,
there are three radral (2S) excitations with J¥ = 1+ :
56,28,2,0,1"), 170,28,2,0,1"), and |70,210,2, 0,{). In
our calculation, those states’ total decay widths are too
small to compare with the experimental data. The predicted
partial decay width ratios are incompatible with the obser-
vations as well. Thus, these states with J© = { as assign-
ments to Z(1690) should be excluded. Furthermore, we
also study the strong decay properties of the other first
orbital excitation states with J* =3/2~ and J¥ =5/2".
Their decay properties are very different from those of
E(1690). For simplicity, the calculated results are not
shown in this work.

In a word, Z(1690) is most likely to be the first orbital
excitation of & with J¥ = 1/27. There might exist con-
figuration mixing in Z(1690). The main component of
2(1690) is |70,28, 1, 1, 1/27), which slightly mixes with
[70,210,1,1,1/27) and ]70,48,1,1,1/27). Our predic-
tions are consistent with the experimental observations.
The recent mass calculations of a constituent quark model
support the classification of Z(1690) as a J* =1 octet
resonance [11]. The calculations of a Skyrme model [12]
and unitary chiral approaches [15,16] also indicated that
5(1690) has J* =1 .

Since Z(1690) corresponds to the physical state |21 ),
in Eq. (64), as the counterparts of E(1690), the other two
physical states, |:27>1 = —0.26|70, 28) — 0.02|70, *8) +
0.97]70,210) and I:1 )3 = 0.17]70, 28) — 0.98|70, *8) +
0.02[70, 210), might be observed in experiments. It is easily
seen that the main component of [E] ) is
70,210, 1, 1, 1/27) (~ 94%), while |E3 ); is dominated
by |70,48,1,1,1/27) (~ 96%). According to the analysis
in large N.QCD [7 8] and the quark model [2], the masses
of [E4 ), and |E1 ); are around 1920 MeV. The strong

s
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FIG. 1 (color online). The decay properties of IH2 >17 and
|E 1 ), respectively, where ¥, = |[E1 ); and W3 = [E] ).

decay properties of |[E1 ), and |E ] ); are studied as well.
Considering the uncertainties of the mass predictions, we
vary the masses of |3 ), and |E 3 ); from 1860 MeV to
1980 MeV. The results are shown in Fig. 1. From the figure,
we find that |2 %7>1 is a narrow state with a width
of I' ~ 25 MeV, while |2 ] )3 is a broad state with a width

of ~100 MeV. The main decay channels of |5 ), are
3K and AK, while the decays of |_ )5 are governed by
Ear and AK.

C. E(1820)

In 1987, Biagi et al. measured the spin-parity of
E(1820) [21]. They found that its spin-parity is consistent
with J = 3/27, which is in good agreement with the quark
model predictions [3,11,13]. In the present work, the study
of the well-established resonance =(1820), on the one
hand, can provide an important test of our model; on the
other hand, it can let us obtain more information about the
nature of Z(1820).

Assigning E(1820) to the negative states with J* =
1/27, 3/27, and 5/27, respectively, their strong decays
are calculated with our model. The results are listed in
Table V, where we find that only the |70, 28, 1, 1,2 ) can be
assigned to Z(1820). The detail comparisons of theoretical
predictions with measurements are shown in Table VI,
from which it is seen that both the decay width and the
partial decay ratios are in agreement with the measure-
ments of ALITTI 69 [55]. Our predictions about the
spin-parity values of Z(1820) are consistent with the other
model predictions and experimental determinations.
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TABLE V. The decay widths (MeV) of E(1820)° with differ-
ent assignments.

Assignment Ex XK AK EQ1530)m Tm

170.28,1,1,3 ) 285 10.63 725  11.98 3271
170,48, 1,1,3 ) 6480 2394 20.56 036  109.66
17048,1,1,3 ) 456 026 072  11.95 17.49
17048,1,1,3 ) 2740 159 435 1.51 34.85
170,210,1,1,5 ) 405 598 514 1.43 16.60
170,210,1,1,3 ) 285 0.66 1.81  11.98 17.31

Although by considering =(1820) as a pure state
|70, 28, 1, 1,37), we note that the theoretical predictions
are in good agreement with the experimental observations,
there still exists room for configuration mixing in Z(1820)
for the uncertainties of the experimental data. Chao et al.
employed a quark model to study the mass spectrum of =
resonances [3]. According to their study, Z(1820) should
be a mixed state, which dominates by the octet
70,28, 1,1,2 ) components (~ 90%), while it contains
small components of |[70,210, 1,1, %7> (~9%) and
[70,48,1,1,2 ) (~ 1%). Thus, we consider the physical
state =(1820) as an admixture between the octet and
decuplet states with JP = %7 . Using the Cabibbo-
Kobayashi-Maskawa matrix method discussed in
Sec. IV B, and fitting the observed strong decay properties,
we obtain

|E% >1 —0.08 —0.98 0.17 |70,28)

E(1820)§‘> =| 0.96 —0.13 —0.26 || [70,48)

|E%7>3 0.27 0.14 0.95 [70,210)
(65)

The theoretical results compared with the data are listed in
Table VII, where we find that the predicted partial decay
width ratios are in agreement with the experiment data of
ALITTI 69 [55] as well. Considering configuration mixing
effects in Z(1820), the decay width is closer to the center
values of observations. From the mixing parameters ob-
tained in Eq. (65), it is seen that the main component of

TABLE VI. The predicted total and partial decay widths
(MeV) and partial decay width ratios of E(1820) as the
[70,28,1,1,2 ) assignment compared with the experimental
data of ALITTI 69 [55].

e r; I |

Channel rth [t

total total Tow |lh ol |€XP
B 29 328 2471 0.09 0.1=0.1
SK 10.6 ... 0.32 0.30 = 0.15
AK 73 .. 0.22 0.30 = 0.15
2(1530)7 120 0.37 0.30 = 0.15

PHYSICAL REVIEW D 87, 094002 (2013)

TABLE VII. The predicted total and partial decay widths
(MeV) and partial decay width ratios of E(1820) as the mixed
state |Z(1820)3 ), with mixing angles 6,, = 85°, 6,3 = 170°,
and 6,3 = 165°. For a comparison, the experimental data of
ALITTI 69 [55] are listed as well.

Channel reh ree Lo

total total Tl |1h Towl |exp

Em 21 233 24%13 009 0.1=0.1

3K 80 ... 034  030=*0.15
AK 92 ... 040  0.30=*0.15
E(1530)m 40 ... 017  0.30=*0.15

=(1820) is |70,28,1,1,2 ), which is about 92%. As a
mixed state, Z(1820) also contains small components
of 170,48, 1,1, %7) (~0.02%) and 70,210, 1, 1,%7
(~ 0.07%). Our results are compatible with the predictions
in the quark model [3] and the large N. QCD approach
[7,8]. It should be mentioned that =(1820) was also
suggested to be a dynamically generated state with
JP =3/27 [15,16].

In brief, Z(1820) could be approximately taken as a pure
70,28, 1, 1,3 ) state. Slight configuration mixing may ex-
ist in it. All the experimental observations of = (1820)
could be well understood in the constituent quark model.

If 2(1820) is a mixed state indeed, its counterparts
|E37), and |[E3 ); in Eq. (65) might be observed in
experiments as well. From Eq. (65) it is seen that the
main components of |23 ), and [|E3); are
[70,48,1,1,3/27) (~96%) and [70,%10,1,1,3/27)
(~ 90%), respectively. According to the quark model pre-
dictions [2,3], the masses of |[E3 ), and |[E3 ); are
~1910 MeV and ~1970 MeV, respectively. The later
large QCD calculations [7,8] gave similar predictions to
those of quark models. The strong decay properties of
|E3 ), and |E3 ); are studied as well. The results are
shown in Fig. 2. For the uncertainties of the mass predic-
tions, we vary the masses of |[£3 ); and |23 ); from
1850 MeV to 2050 MeV. From the calculations, we find
that if the masses of these two states are larger than the
threshold of 2(1385)K, the decay channel X(1385)K
dominates their decays. Furthermore, Z(1530)7 contrib-
utes significantly to the strong decays of these two states.

Finally, it should be pointed out that although the pre-
dicted masses of |23 ); and |23 ); are close to that of
E(1950), the decay modes and partial decay width ratios
are not consistent with the observations. Thus, =(1950)
does not favor any J¥ = 3/27 assignments.

D. E(1950)

E(1950) was first observed by Badier et al. in the
invariant mass distribution Z7 of the K p — Z K
process [56]; its observed mass and width are 1933 *+
16 MeV and I' = 140 £ 35 MeV, respectively. Later, sev-
eral experimental groups also found structures with a mass
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FIG. 2 (color online). The decay properties of |23 ); and
|E 3 )3, respectively, where ¥, = |[E3 ), and V3 = |23 );.

of ~1950 = 50 MeV in the other processes. E(1950) was
only observed in Zr, 2(1530)7, and AK decay channels
[1]. Most of these structures were observed in the Zr
channel. In the AK channel, only Biagi et al. claimed
that they observed one narrow structure (I"=25 =
15 MeV) with a mass of M =~ 1963 MeV [21]. They esti-
mated an upper limit on the ratio of partial widths
I'(2K)/T(AK) of 2.3, and they also suggested that the
spin-parity of this resonance should be 5/2% or its spin

TABLE VIIL

PHYSICAL REVIEW D 87, 094002 (2013)

should be greater than 5/2 in the natural spin-parity series
7/27, 9/2", etc. While in the E(1530)7r channel, only
Briefel et al. reported that they observed a broad structure
(I'" = 60 = 39 MeV) with a mass of M = 1964 MeV [57].
Although E(1950) is a three-star E resonance listed in
PDG, not much can be said about its properties. According
to various model predictions, there are several E reso-
nances in the 1900-2000 MeV region [3,7-9].

1. J? =5/2" assignment

=(1950) was first classified as the pure octet = reso-
nance with J¥ = 5/27 by Alitti et al. [20]. In 1968, they
observed a E resonance whose mass and width are M =
1930 £ 20 MeV and I' = 80 = 40 MeV, respectively. The
resonance parameters were very close to the observations
of Badier et al. in 1965 [56]. The Gell-Mann-Okubo mass
formula indicates this state might be the pure J¥ = 5/2~
octet E resonance [24,58). The detailed SU(3) study of the
total and partial decay widths of the J¥ =5/2~ octet
baryons seemed to give a reasonable and consistent picture
[20]. This classification was also supported by some stud-
ies of the mass spectrum of E resonances in various quark
models [3,11].

With Z(1950) as an assignment to the J* = 5/27 octet
E resonance, we study its strong decay properties; the
results are listed in Table VIIL It is seen that the J* =
5/27 assignment is a broad state with a width of
~100 MeV. Its strong decays are dominated by the Em
channel. The partial decay widths of Z(1530)7 and AK
are sizeable. Our predictions are compatible with those
in [20]. Thus, the broad = resonances observed in the
Ear channel might be good candidates for the J¥ =
5/27 octet state.

The total and partial decay widths (MeV) of the well-established four-star baryons N(1675), (1775), and A(1830),

which correspond to [70,%8, 1, 1, %7> The data are obtained from PDG.

Assignment Channel rth ra rod % lin % lexp
N(1675)%7 nw 25.3 81 130 ~ 165 0.31 0.35-0.45
A 50.6 0.62 0.50-0.60
Nn 5.8 e . 0.07 0.01
3(1775)%° S 8.0 76 105 ~ 135 0.11 0.02-0.05
Ax® 19.1 0.25 0.14-0.20
nk 32.1 0.42 0.37-0.43
2(1385) 7 4.8 0.06 0.08-0.12
A(1232)K 1.0 0.01 .
A(1520)7 11.2 e . 0.14 0.17-0.23
A(1830) %7 S 52.2 94 60 ~ 110 0.55 0.35-0.75
2(1385) 7 41.7 0.45 >0.15
5(1950)%7 =2 71.33 105 80 = 40 0.68 s
3K 7.8 0.07
AK 13.6 0.13
E(1530)7 10.9 0.10
3(1385)K 1.2 0.01
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As a by-product, we calculate the strong decays of the 1004 70,“8,I2,2,1 1 T — : —3
other members of J* = 5/27 octet baryons, N(1675)3 , .= ;,;..ﬂﬁ’f{{- T IS
3(1775)3 ", and A(1830)3 . The results are listed in O e nigidie ™y e 3
Table VIII as well. From the table, it is found that our R DRI
predictions of the strong decay properties of N(1675)3 , _ L -":”4 . 3
3(1775)5 , and A(1830)3 are in reasonable agreement g . . % 10'2’2'1/? .

= !

with the observations. 70,°8,2,0,1/2 56,°8,2,0,1/2"
105 -\/
-

2. J¥ =1/2" assignment 1] ’.’;:./.. I ]
Recently, Valderrama et al. proposed the existence of a P A S R /:('
. . . - e . N .
spin-parity state J© = 1/27 decuplet belonging to 0 1-\.‘.’ ,'/ / S P v

r(MeV)

E(1950) [22]. Now we discuss the possibilities of e st
— ] _ 2000 2100 2200
E(1950) as an assignment to the J¥ = 1/27 states. In M(MeV)

Sec. IVB, we predicted E(1690) is a mixed state with 10 3 total — — -=n

JP = 1/27. According to the mass calculations of con- SK —-—- AK
stituent quark models [3,14] and large N. QCD [7,8], 13 . - = E(1530)n
the masses of the counterparts of Z(1690), |E3 );, and i ”\)’/ E% . Z(1385)K
=1- . . 0.1 . 7. i I eeeene A(1405)K
|E 3 )3, might be close to 1950 MeV. Thus, they might be 2000 2100 2200 —emev A(1520)

candidates for E(1950). The strong decay properties of
|E1 )1 and |E] ); had been studied in Sec. IVB (see

Fig. 1). Considering |E%7>1 as an assignment to =(1950), FIG. 3 (color online). Strong decay properties of the J© =

M(MeV)

both the decay width and partial width ratio, 1/2% excitations in the N = 2 shell.
I'(2K)
¢ T(AK) (66)

are in agreement with the observations of Biagi 87C [21];
however, the spin-parity J* = 1/2~ disagrees with their
suggestion. While assigning |21 )3 to E(1950), we note
that its width and partial width ratios,

I'(2K) ~16 L(Em) _

F=84MCV, m— .0, m_

2.3, (67)

are consistent with those of the broad structures
observed in the E# channel. Thus, the spin-parity 1/2~
mixed state |21 ); could be a good assignment to
E(1950).

3. JP =1/2" assignment
In Ref. [12], Oh predicted that Z(1950) might have
JP =1/2% in the Skyrme model. We calculate the
strong decays of all the excitations of = with J¥ =
1/2% in the N =2 shell. The results are shown in
Fig. 3. From the figure, it is found that if the second

2000 2100 2200

orbital excitation |56,410,2,2,17) is considered as an < M(MeV)
assignment to =(1950), the decay width and partial 2 tzoéal:.__ R
width ratios are [=1 - = £(1530)r
s _) I( S R Be £(1385)
K =3 0.14 4 - A(1405)R
I'=53MeV, ———-=088 ———==1.27. 68 . , —31 ..
I'(AK) ['(2K) (©8) 2000 2100 2200 28238;5

M(MeV)
The decay width and decay modes are consistent with

the observations of Goldwasser et al. [59]. It should be  FIG. 4 (color online). Strong decay properties of the J© =
pointed out that the predicted mass of various models for ~ 3/2" excitations in the N = 2 shell.
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FIG. 5 (color online). Strong decay properties of J* = 3/2*
and JP = 5/2" mixed states suggested by Chao et al. [3].

156,410, 2, 2,{) is ~2 GeV [3,9,14], which is slightly
larger than the observation.

4. J¥ =3/2* assignment
Furthermore, we calculate the strong decays of all the
excitations of = with J* = 3/2% in the N = 2 shell. The
results are shown in Fig. 4. It is found that the second
orbital excitation |56, 410, 2, 2,2 ") might be a candidate for
E(1950). The decay width

I'=36 MeV, (69)

PHYSICAL REVIEW D 87, 094002 (2013)

and the partial width ratios,

T(SK) _
T(AK)

I(E7) _

F(SK)

I'(Em)

127 FEas0m

3.16,
(70)

are in agreement with the observations of Biagi 8§7C [21]
and APSELL 70 [60]. However, the spin-parity of
156,410, 2,2,3 ") is not consistent with the moment analy-
sis of Biagi 87C [21]. Furthermore, the predicted mass of
156,410, 2, 2, §+} in large N, QCD is obviously larger than
that of Z(1950) [9].

Including configuration mixing effects, Chao et al. pre-
dicted two JP = 3/2% mixed states with masses of M =
1930 and 1965 MeV, respectively, [3]. With their mixing
scheme, we predict the strong decays of the two states. The
results are shown in Fig. 5. It is obviously seen that the
decay properties of these mixed states are not in agreement
with any observations of =(1950).

5. JP =5/2% assignment

Recently, Valderrama et al. [22] predicted that the nar-
row structure with a mass of M =~ 1963 MeV observed in
the AK channel by Biagi er al. [21] [denoted by Z(1963)]
could be assigned to the partner of the J¥ =5/27
N(1680), A(1820), and 2(1915) resonances. According
to the classification of the quark model, these resonances
could be roughly considered as the |56,28,2,2,3") con-
figuration [61]. Firstly, we calculate the strong decays of
the N(1680), A(1820), and 2(1915) states, which are listed
in Table IX. From the table, it is found that the decay
properties of N(1680), A(1820), and %(1915) could be

TABLE IX. The total and partial decay widths (MeV) of the well-established four-star baryons N(1680), 2(1915), and A(1820),
which are considered the pure |56,28,2,2,3") state. The data are obtained from PDG.

Assignment Channel rh o roe ﬁ lin I{;:al lexp
N(1680)3° na 38.0 59 120 ~ 140 0.64 0.65-0.70
Am 21.0 0.36 s
Nn 0.4 0.01 0.0-0.01
AK 0.03 . . 0 s
2(1915); NK 1.2 63 80 ~ 160 0.02 0.05-0.15
A 104 0.16 s
> 26.7 0.42
3.(1385)7 6.2 0.10
A(1232)K 18.4 0.29 o
A(1820) ; NK 14.8 30 70 ~ 90 0.49 0.55-0.65
S 5.8 0.19 0.08-0.14
3,(1385)7 9.8 0.32 s
E(1963)3" B 1.0 19 25+ 15 0.05
3K 9.2 0.48
AK 0.8 0.04
E(1530)7 52 0.27
3(1385)K 25 0.13
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roughly understood by taking them as the |56, 28,2, 2, §+>
configuration. According to the model predictions, the
mass of Z[56,28,2,2,27) is close to 1963 MeV [3,9].
Assigning Z(1963) to the |56,28,2,2,2") configuration,
the predicted strong decay properties are shown in Table IX
as well. It is seen that although the decay width is in
agreement with the data, the partial decay width ratios
are not consistent with the observations of Biagi et al.
[21] at all.

Furthermore, Chao et al. also predicted a mixed state
with J© =5/2" having a mass of M = 1935 MeV [3].
With their mixing scheme, its strong decays are studied.
The results are shown in Fig. 5 as well. It is seen that the
strong decays are dominated by the 2K channel, which
disagrees with any observations of E(1950).

In brief, there might be several = resonances in the
1900-2000 MeV region observed in experiments. These
states are most likely to correspond to the pure octet =
resonance with J¥ = 5/27, the mixed state |E 1 ); with
JP =1/27 (its main component is |70, 8, 1, 1,1 )), the
second orbital excitation [56,410,2,2,1") with J* =
1/27", etc. These states can be easily dlstlngulshed by the

measurements  of their partial decay width ratios,
I'(AK)/T(ZK) and T'(ZK) /T (Em).

E. £(2030)

£(2030) is a three-star state listed in PDG. It mainly
decays into XK and AK channels. The decay ratios
into the other channels, such as E# and =(1530),

T T T
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-- A(1520)K
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M(MeV)

FIG. 6 (color online). Strong decay properties of the J* =
5/2% excitations in the N = 2 shell.
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FIG. 7 (color online). Strong decay properties of the J* =
7/2% excitations in the N = 2 shell.

are small. The measured decay width and partial decay
width ratio are

I'(AK)
I'(2K)

A moment analysis of the HEMINGWAY 77 data indicated
at a level of three standard deviations that J = 5/2 [23].

We analyze the strong decay properties for all the
configurations in the N =2 shell, which are shown
in Figs. 3-7. From the figures, we find that only
three excitations, |56,28,2,2,27), 170,28,2,2,3"), and
|70, 28,2,2,2"), have comparable decay widths with that
of E(2030), and mainly decay into the 2K channel.
Considering them as assignments to Z(2030), we collect
their decay properties in Table X, where we find that both
the decay width and the partial decay ratio,

I'(AK)

I'=21+6 MeV, =022 *+0.09. (71)

I' =33 MeV,

35wof the [70,28,2,2,3") configuration are in good
agreement with the observations. However, its spin
J = 3/2 disagrees with the moment analysis of the
HEMINGWAY 77 data [23].

As a whole, if we do not care about the moment analysis
of the HEMINGWAY 77 data [23], E(2030) favors the
70,%8,2,2,3") assignment. E(2030) could not be as-
signed to any pure J¥ = 7/2% states or any admixtures
between them. If the spin-parity of Z(2030) is J* = 5/2%,
it is most likely to be a mixed state, for no pure J¥ = 5/2*
configuration could explain the data.
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TABLE X. The decay widths (MeV) of E(2030) with different assignments.

Assignment =24 SK AK E(1530)7 S(1385)K A(1405)K A(1520)K | I I'(AK)T(ZK)
156,28,2,2,37) 1.6 185 1.3 8.2 5.7 0.4 0.01 35.8 0.07
[70,28,2,2, §+> 1.4 17.9 4.5 1.4 0.6 1.5 5.4 32.7 0.25
[70,28,2,2, §+> 0.8 5.8 2.7 4.1 2.8 0.05 0.07 16.3 0.46

V. SUMMARY correspond to the J* = 1/2* excitation |56,410,2,2,1"

In this work, we have studied the strong decays of the =
baryons within N = 2 shells in a chiral quark model. The
strong decay properties of these well-established ground
decuplet baryons could be reasonably described. We find
that Z(1690) should be assigned to the spin-parity J* =
1/2 state |70,2%8, 1, 1, %7), which might slightly mix with
the other configurations. The J© = 1/2~ for E(1690) pre-
dicted by us is consistent with the suggestions from the
constituent quark model [11], Skyrme model [12], and
unitary chiral approaches [15,16]. The strong decays of
the physical partners of 2(1690), |Z1 );, and [E1 ); are
analyzed as well. |21 ); might be observed in the 3K and
AK channels, while |Z 3 )5 is possibly observed in the 2o
and AK channels.

The strong decay properties of Z(1820) could be well
understood by assigning it to |70, 28, 1, 1,2 ). There might
exist slight configuration mixing in =(1820). Its main
component is |70, 28, 1, 1, %7) (~ 92%), which is compat-
ible with the predictions of the quark model [3] and large
N, QCD approach [7,8]. Considering the configuration
mixing effects, we also have studied the strong decay
properties of the physical partners of Z(1820), |53 ),
and |E3 );. The observations in the %(1385)K and
=(1530)7 channels are crucial to look for the other J© =
3/2" states, |23 ); and |E3 )3, in future experiments.

The situation for E(1950) is very complicated. Several
E resonances in the 1900-2000 MeV region might have
been observed in experiments, which is supported by the
mass calculations from various models [3,7-9] and the
recent strong decay analysis in Ref. [22]. The broad =
resonances observed in the E7 channel might be good
candidates for the J* = 5/2 octet state or the mixed state

|E 1 ); with J¥ = 1/27. The E resonance with moderate

width observed by Goldwasser and Schultz [59] might

The existence of a J* = 1/2% E excitation with a mass
around 1950 MeV is also suggested by Oh in a Skyrme
model [12]. The second orbital excitation |56, 410, 2, 2, 3 +>
and the mixed state |E] ); might be candidates for a
narrow width state observed in the AK channel; however,
their spin-parity is not consistent with a moment analysis
of the data. The partial decay ratios, I'(AK)/I'(2K) and
I'(2K)/T(Em), are sensitive to different assignments.
Thus, the measurements of these ratios are crucial to un-
cover many puzzles in Z(1950).

In the present work, Z(2030) as any spin-parity
JP =7/2% states should be excluded. The observations
of Z(2030) do not favor any pure J* = 5/2" configuration
as well. If we do not care about the moment analysis
of the HEMINGWAY 77 data, =(2030) favors the
[70,28,2,2,3") assignment. Further observations in the
=2(1530)7 and 2(1385)K channels are necessary.

To provide helpful information for the search for the
missing E baryons, in Figs. 3-7 our predictions of their
strong decay properties are shown as well. From our theo-
retical results, we find that the strong decays of many =
resonances are dominated by =(1530)7 and 2 (1385)K;
thus, in these decay channels, we might find some new =
resonances as well.
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