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In the framework of meson—meson mass mixing matrix and Regge tra-
jectory, in the presence of the 7(1295), 7(1475) and 7.(2S) being the
2'Sy meson state, we predict the mass spectrum of the 21.S; meson state,
and quarkonium content. The decays of isoscalar state are also presented.
The results are in good agreement with the values predicted by other the-
oretical approaches. Our results should be tested in the experiment in the
future.

PACS numbers: 14.40.—n, 11.40.—q

1. Introduction

Quantum Chromodynamics (QCD) is accepted as a successful theory of
strong interactions in particle physics. However, the understanding of strong
interactions is far from completeness and it is difficult to interpret the ex-
perimental data from first principles. To be able to interpret the nature of
new resonances, it is necessary to build models comparing observed states
with theoretical predictions. The constituent quark model offers the most
complete description of hadron properties and is probably the most suc-
cessful phenomenological model of hadron structure. In the last decade,
the constituent quark model has also been used to study the low-lying
hadron spectrum. In the constituent quark model, quarks with a given set
of quantum numbers JFC appear as meson states. In the present work, we
firstly review the assignment of 2!.Sy meson state in the ¢ quark model (see
Table I).

In the new edition of Particle Data Group (PDG) [1], the states 1(1295)
and 71(1475) have been well established as the isoscalar member in the 215,
meson state. The K (1460) is assigned as isodoublet member. However, this
assignment is still based on very weak experimental signals. Till now, the

* fxchao@zzuli.edu.cn

(2931)



2932 XUE-CHAO FENG

TABLE 1

Assignment of the 215y meson state in PDG [1] (n = u,d), s, ¢ denote the con-
stituent quark.

21y, nn ni(ss) ns cc cn o cs

215, | m(1300) 7(1295)n(1475) K(1460) n.(2S) D D,

K (1460) has been reported by two experiments K~ p — K~ 27mp [2] (with
mass ~ 1460 MeV and width ~ 260 MeV) and K*p — K 27p [3] (with mass
~ 1400 MeV and width ~ 250 MeV). For the isovector state, the candidate
is m(1300), but the mass has large error, 1300 & 100 MeV.

In the last few years, heavy-light mesons have been observed in the ex-
periments, i.e. D¥,(2317) [4], Ds1(2460) [5], Ds(2632) [6], D,;(2860) [7]
and D, 7(2715) [8], the spectrum of charmed and charmed strange mesons
become a very active field. The assignment and identification of these states
attract more attention [9]-[13]. For the 2!Sy meson state, the situation is
even worse, the members of charmed and charmed strange mesons have not
been observed in the experiment.

In this work, relaying on the fact that the isoscalar states 7(1295) and
7(1475) can mix to form the physical states in the ¢¢ quark model and em-
ploying the linear Regge trajectory, we establish new mass relations which
relate the mass spectrum of meson state and constituent quark masses. In-
serting the corresponding constituent quark masses, we reexamine the mass
spectrum of the 2.5y meson state. The results could be useful for comparing
with the experiment data in a new experiment.

2. Meson—meson mass mixing matrix of isoscalar states and
Regge phenomenology

In the quark model, the two isoscalar states with the same J¥C will mix
to form the physical isoscalar states. We can establish the mass-squared
matrix in the s5 and N = (u@i + dd)/+/2 basis [14],

A2 — Mz(woo) + 245 , \/EAZS (1)
V2Ans 2M¢ (1460) — Mr(1300) + Ass

where M (1300) and M (1460) are the masses of isovector and isodoublet
states of the 2'.Sy meson nonet, respectively; A,,, Ans and A, are mixing
parameters which describe the ¢§ < ¢'¢’ transition amplitudes. In order
to reduce the number of parameters, we adopt the similar expression of
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the transition amplitudes in the ¢G < ¢'q’ process which is widely used in
Refs. [15,16],

A
Ann = mom )
nIMn
A
Ass = ) (2)
MM
Ans = )
mpMmsg

where A is a phenomenological parameter. From the isospin symmetry, we
have m, = mg = mqg = mg, ms = msz (my,, ms denote the mass of light
quark u,d and s).

In the 215y meson nonet, we assume the physical states 17(1295) and
n(1475) are the eigenstates of mass-squared matrix and the masses square

of M3(1295) and Mi(l 475) are the eigenvalues, respectively. The physical

states 77(1295) and 1(1475) can be related to the s5 and N = (uii+dd)/v/2 by

1295 N
(1029 )y (1) "
n(1475)) |5)
and the unitary matrix U can be described as

2
vaeot = [ Maoes 0 : (4)
0 Mn(1475)

From the relations (1)—(4) we obtain

A A
QW + 2MI2<(1460) ToE T M§(1295) + M3(1475) ; (5)

s

A

A A
2 2 2
<M7r(1300) + 2@) <2MK(1460) — M (1300) + W) T Eme

n S

= M3(1295) * M3(1475) : (6)

In the relations (5) and (6), the masses of K (1460) and 7(1300) are related
to the constituent quark masses and phenomenological parameter A.
Regge theory is cornered with the particle spectrum, the forces between
particles, and the high energy behavior of scattering amplitudes. Since
Regge trajectories offer an effective way for the assignment and classifica-
tion of meson states, it also becomes an active field with many new particles
and resonances that were observed in the experiment in the last decade. In
Ref. [17], the authors investigated the masses of different meson multiplets,
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and suggested that the quasi-linear Regge trajectories could describ the me-
son mass spectrum. Khruschov [18], using the phenomenology formulae
derived from the Regge trajectories, predicts the masses of excited meson
states. Anisovich et al. [19] show that meson states can fit quasi-linear
Regge trajectories with good accuracy.

Assuming that the hadron with a set of given quantum number belongs
to a quasi-linear trajectory, we have the following relation [17]

J = a;(0) + ajp M (7)

where 44’ refers to the quark (antiquark) flavor, .J and M7 are, respectively,
the spin and mass of the i’ meson. The parameters a;i—, and ;7 (0) are the
slope and intercept of the trajectory, respectively. The intercepts and slopes
can be parameterized as follows [17,20]

;3(0) + a5(0) = 2a;;(0), (8)
1 1 2
T o - o (9)
i’ g’ i’

The relation (8) is satisfied in two-dimensional QCD [21], the dual-
analytic model [22], and the quark bremsstrahlung model [23]. The relation
(9) is derived from the topological and the ¢g-string picture of hadrons [24].
According to the data available for meson states, Burakovsky constructed a
slope formula (10) for all quark flavors [25]

™ ™ m; + m;
Za;i+ Z\/J%a;»i =d, (10)

where m;,m; are the corresponding constituent quark masses, and o =
0.88 GeV 2 is the standard Regge slope in the light quark sector.
From equations (7)—(10), we obtained the following relations

2 / 2 / 2
M (1300) < Myaars)® 2M (1460)

2+ 2vVa'm, 2+ 2Va'mg B 2+ Vo (my, + my)

/

: (11)

2 / 2 /
M7 (1300) Y my (25)% 2m% o’

- , 12
2+ 2/a'm, 2+ 2Va'm. 2+\/J(mn—|—mc) (12)

2 2
mn(1475)a’ mnc@S)o/ _ Qm%s o
2+ 2/alm, 24+ 2Va'm. 2+ Vol (mg +m,)

(13)
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3. The results and conclusions

Using the relations (5), (6), (11), (12) and (13), the masses of K (1460),
7(1300), D and D, of the 215y meson state are related to constituent quark
masses. In this work, we use the average values of the constituent quark
masses as input parameters (see Table IT). Moreover, we choose the following
well-established resonances taken from PDG [1] as inputs: 7(1295),n(1475),
1.(2S) PDG [1]. Our results are presented in Table III.

TABLE II

Constituent quark masses (in MeV) in different phenomenological models.

Mass Ref.[20] Ref.[26] Ref.[27] Ref.[28] Ref.[29] Average

mn(n = u,d) 290 360 337.5 311 310 321

ms 460 540 486 487 483 491.2

Me 1650 1710 1550 1592 — 1625.5
TABLE III

Predicted masses (in MeV) of K(1460), 7(1300), D and D; of the 215y meson state.

Mass Our results  Ref.[1]  Ref.[30] Ref.[31] Ref.[32] Ref.[33] Ref.[34]
Myaso0) | 126176 1300£100  — 1290  — — —
Mpago) | 136917 ~ 1460 1391.91 1400  — - .
Mp 2498.6 — — 2450 2579 2580 2500
Mp, 2589.85 — — 2560 2670 2670 2610

If M7r(1300) = 1261.76 MeV, MK(1460) = 1369.17 MeV, Mn(1295)7 MT?(1475)
are assigned as the member of the 2'.Sy meson nonet, we obtain the quarko-
nium content of the isoscalar state. Based on the previous assumption that
physical states 7(1295) and 7(1475) are the eigenvectors of mass-squared
matrix, the unitary matrix U can be described as

U — ( Xn1205)  Yi(1295) > _
Xnaars) Y1475

2
2 2 A
VaA a(Mn(1295)+M7r(1300)_2m7%)

2
2 2 A 2 2 A
\/2A2+a (Mn(lzgs)_Mn(BOO)_znT%) \/2A2+a <Mn(1295)_Mw(1300)_2m7%)
2 ) (14)

2

2 2 A
N a Mn(1295)+M7r(1300)_2m7721

2 2
2 2 A 2 2 A
\/2A2+a (Mn(1475) _M‘rr(1300) _2;%) \/2A2+a (Mn(mgs) _MTr(13OO) _2?%)

where a = (my,ms)*.




2936 XUE-CHAO FENG

Inserting the masses of isoscalar states, the quarkonium content of
7(1295) and 1(1475) are determined to be

In(1295)) = —0.9968|N) — 0.0787|S) (15)
In(1475)) = 0.0787|N) — 0.9968|5) . (16)

In order to check our predictions, we discuss the decays of the isoscalar
states 1(1295) and 7(1475). According to the Refs. [15], [35]-[37] we have
the following relations

I'(n(1295) —vy) _
I'(m(1300) — v7)

M, 1295
<ﬁ> (5X,1295) + V2Y;1205))°, (17)

Neli o

I'(n(1475) — vv) 1 ( Myaars)
= — X Y 1
I(x(1300) = v7) 9 \ Myqs00) 5 n1a7s) + V2Y,0475))%, (18)
3
I'(n(1295) — wy) 1 (1295
I(n(1295) — py) 9\ M7 495
999X, + 0.06Y), 2
» < (1295) (1295)> , (19)
n(1295)
3
I'(n(1475) — wy) 1 M (1475
P(n(475) — py) 9\ M2 0
999X, 0.06Y;, 2
" < (1475) T (1475)> , (20)
n(1475)
3
I(n(1295) — ¢v) 1 Mn(1295
F(T](1295) — pfy) 9 17(1295
.03X 1.99Y, 2
« < n(1295 ) + (1295)> 7 (21)
1295)
3
I(n(1475) = ¢7) _ 1 My (1475
r(n(147) —py) 9 \ M 475 —
y <0 03X,7(1475 + 1.99Y),(1475) >2 (22)
n(1475)



On the Mass Spectrum of 2'Sy Meson State 2937

TABLE IV
Predicted results of relations (15)—(20).
Relations | Our work Relations | Our work
(15) 3.111 (18) 0.016
(16) 0.184 (19) 3.64 x 1074
(17) 0.521 (20) 26.384

In summary, on the basis of the meson—-meson mass mixing and Regge
model, we investigated masses of K (1460), 7(1300), D and D, as 2! Sy me-
son states and gave more precise mass range of this state. Moreover, the
quarkonium content of 17(1295) and 7(1475) was explained, which imply that
n(1295) is nearly a pure ui + dd state and 7(1475) is nearly a pure s state.
Our results should be useful for the assignment and identification of the
members of the 215y meson states in new experiments.
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