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In the the framework of Regge phenomenology and meson—meson mass
mixing, we estimated the masses of pseudoscalar meson nonet. The results
suggest that the X (1835) should be assigned as the second radial excitation
of the ' rather than the ground pseudoscalar glueball. As a byproduct,
we obtain the mass of ground pseudoscalar glueball in the glueball domi-
nance picture, which is well agreement with predictions of other different
theoretical models.

PACS numbers: 14.40.—m, 11.55.Jy, 12.39.Mk

1. Introduction

The existence of glueballs is one of the important predictions of the quan-
tum chromodynamics (QCD). The discovery of glueball would be a strong
support of the QCD theory. Therefore, the search and identification of glue-
ball has been an active field [1-4|. According to the new edition PDG [5],
the ground state glueball is predicted by lattice gauge theories to be scalar
glueball, and the mass is determined to be 1710 MeV, with an error of about
100 MeV. In general, states with the same isospin-spin-parity IJYC and ad-
ditive quantum numbers can mix, which makes the identification of glueball
extremely difficult. Recently, the mixing of three states fy(1370),fo(1500)
and fy(1710) has been studied by many authors [6-9|. For the pseudoscalar
glueball, the situation even worse, the mass of the lowest lying pseudoscalar
glueball given by lattice calculation is about 2.5 GeV. But in the past thirty
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years, the state 17(1440) has been arranged as the pseudoscalar glueball can-
didate in Refs. [7-14]. Now, there are two states (n(1475) and 7(1405)) in
this mass region. The former has been interpreted as the first radial exci-
tation of 7/, the latter is an candidate for the lowest pseudoscalar glueball.
However, it is obvious that the mass is far from the values of theoretical
prediction. If the 1(1405) is assigned as pseudoscalar glueball, one has to
introduce a special mixing mechanism to pull down its mass. For the tensor
glueball, the situation seems clear, both the experimental candidates and
lattice results are in the same mass region 2400 MeV.

Recently, the resonance state X (1835) has been observed by BES Col-
laboration [15] in the reactions J/¢ — ynp'mTw~. The meson was detected
in both n7mm and vp channels. The mass and the width are 1833.7 £ 6.2 £+
2.7 MeV and 67.74+20.3+ 7.7 MeV, respectively. There are various interpre-
tations for the observed resonance state. In Ref. [16], X (1835) may be as a
pp baryonium state. But there is no strong experimental evidence that pp
threshold enhancement and X (1835) are the same resonance. In Ref. [17]
and [18], this state is assigned as the second radial excitations of meson 7'.
N. Kochelev shows this state is the lowest pseudoscalar glueball by using
the partial U(1)A symmetry in high hadronic excitations [19-21]. Many ex-
perimental data and theoretical models also imply the X (1835) to be either
conventional pseudoscalar meson or the lowest pseudoscalar glueball.

In the present work, employing different approaches Regge phenomenol-
ogy and meson—meson mass mixing, we predict the masses of the ss member
of 31,8y meson nonet and the lowest pseudoscalar glueball. The results should
be useful for the assignment of X (1835).

2. Meson—meson mass mixing matrix

In the PDG |[5], the pseudoscalar meson nonet are assigned in the ¢q
quark model (see Table I).

TABLE I

Assignment of the pseudoscalar meson nonet in PDG.

N2HL;, | I=1 I1=0 I=1/2
118y s nn K

215, 7(1300) | (1295) 5(1475) | K(1460)
318, m(1800) | n(1760) X K (1830)
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In Table I, the ground pseudoscalar meson nonet has been established
well, also, the first radial excitations were assigned as 7(1300), 7(1295),
n(1475), K(1460). However, the K(1460) needs further confirmation exper-
imentally because it was observed only in two experiments. For the 315
meson nonet, the ss member (X denotes this state) has not been observed
in the experiment.

In the quark model, the two isoscalar states with the same J¥C will mix
to form the physical isoscalar states. In the |S) = s5 and |N) = (uti+dd)/v/2
basis, the form of the mass-squared matrix describing the isoscalar states
mixing of a nonet can be written as [22]:

M2 — < M3 +2A V2Ar )

V2Ar Mg + Ar? (1)

where M% and M2 are the masses of bare states (u + dd)/v2 and s3,
respectively; A is the total annihilation strength of ¢g pair for the light
flavor w and d, r describes the SU(3) breaking ration of the nonstrange
and strange quark propagators via the constituent quark mass ratio. The
constituent quark mass ratio can be determined within the nonrelativistic
constituent quark model [23-25].

In the meson nonet, the physical states of isoscalar ¢ (is mainly non-
strange component) and ¢ (is mainly strange component) are the eigenvec-
tors of mass-squared matrix, the two states can be related to the bare states

N and s5 by
(i )=v(ls) @

and the unitary matrix U can be described
UMUT = Mg 0 (3)
0 M )’
where Mi and M ¢2), are the masses of states ¢ and ¢, respectively.

From Egs. (1), (2) and (3), we have
244 2M7_ sy + Ar? = M3 + M, (4)

(M2, + 24) (21\4}:1 1= My + Ar2) — 2247 = M2MZ,. (5)

3. Regge phenomenology for pseudoscalar meson

Based on the hadron with a set of given quantum number belonging to
a quasi-linear trajectory, we will have the following relation [26]:

J=a;z(0) + o5 M2 (6)
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where i1’ refers to the quark (antiquark) flavor, J and M5 are, respectively,
the spin and mass of the i7’ meson. The parameters a;i—, and «a;7(0) are,
respectively, the slope and intercept of the trajectory. The intercepts can be
parameterized by [26-28],

a;7(0) + a;5(0) = 2a;5(0). (7)

The slope depends on the flavor content of the state [29]. According to
the available data of meson states, Burakovsky constructs a slope formula
for all quarks flavors [30]. For the light meson state composed of u,d and s
quark, the slopes

ol =088 GeV, o, =084GeV, ol ,=080GeV, (8)

where n denotes u or d quark. From Eq. (6) and (7), we have

2 2 2
20‘;7’1MK(1460) = afngn(1475) "‘OZ;me(woo)v (9)
al My = 2O‘;FLMI2((1830) - a;mMT?(BOO) : (10)

Inserting the masses of meson nonet of 315y, we can obtainM1460) =
1385 MeV and My = 1862.44 MeV.

4. The low lying pseudoscalar glueball mass
In Eq. (1), the quark mixing amplitudes can be expressed as
(aa| HEE| k) (k|12 | )

Ag =Y Y : (11)
k aq

where H% is the quark pair creation operator for the flavor ¢, |k) is a com-
plete set of the intermediate states. Based on the assumption that glueball
with the corresponding quantum numbers dominates the ¢ < ¢'¢’ transi-
tions and there is no direct quarkonium—quarkonium mixing, we obtain the
following relations

2
A= e (12)
My — Mg
2
Ar? = s8¢ (13)
2 2 20
2MI:1/2 - Mi_, — Mg

where fusc = (q7 | HY | G) |pip,=ns2 » q refers to the u,d and s quarks.
qq
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Considering the functions fygc, Brisudova [35] assumed the product of
frag and fsso in QCD to be a constant approximately independent of the
quantum numbers of a meson nonet, viz.,

fnﬁGfsEG ~ const. (14)
Using the relation (14), from Egs. (4), (5), (11)—-(13), we have
AP (2My gy — MP_y — ME)(Mi_y — ME) = fracla (15)

MM - (Mi + M2,> M2+ ML,

A= 2 2 ’ (16)
4 <M1:1/2 o MI:1>
2T
Y 2 2 2 (17)
(M¢ - M1:1> (M¢>/ - M1:1)
with

T = MZMZ —2 (M3 + M3) M7, o+ 4M;_,

+ (Mg + Mg) Mi_y — 4M12=1/2M%=1 + Mj_; . (18)

Therefore, applying relations (15), (16) and (17) to the 21,5y meson and
13 P, tensor meson nonet, we have

(Mgse_Mz(lzsoo)) <M§SG+M72r(13OO) _2MI2((1460)) (M?(;(M?,o) _M32(1320))2
(Mfen—Mfzugzo)) <Mt2en+M32(1320) _2M12<g(1430)> <MI2((1460) _]\472(1300))2

2 2 2 2 2
(Mn(1295)_M7r(1300)> N (Mf§(1525)+Ma2(1320)_2MK2*(1430)>

(M,%Q(um) - M32(1320)> (M3(1475) Jr]\/[7?(1300) _2M(21460)>
N (QMIQ(;(MSO) B M32(1320) - M?2(1270)> (M?§(1525) - M32(1320)) (19)
(2MI2((1460) B M3(1300) o M3(1295)> <M7$(1475) B M3(1300)>

where the masses used as input parameters are taken from PDG, M., and
M e are the masses of ground tensor and pseudoscalar glueball respectively.
However, the isodoublet K (1460) of 215y has been observed in only two
experiments. We take the average value (see Table II) as input parameter.
In order to estimate the mass of pseudoscalar glueball, we should determine
the mass of ground tensor glueball. In Table III, we list the tensor glueball
mass predicted in different theoretical models. In the present work, we
take the average value 2.4 GeV as input. The mass of ground pseudoscalar
glueball is determined to be (see Table IV).
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TABLE II
Masses (in MeV) of pseudoscalar meson states K (1460), X.
Mass Present work | Ref. [5] | Ref. [31] | Ref. [32] | Ref. [33] | Ref. [34]
Mg (1460) 1385 ~ 1460 [ 1391.8 |1369.17 | 1400
Mx 1862.44 1853 or 1849 £ 1.2
TABLE III

Masses (in GeV) of the ground tensor glueball from different theoretical models.

Mass|Ref. [36]|Ref. [37]|Ref. [38]|Ref. [39]|Ref. [40]|Ref. [41]|Ref. [42]|Average
Mien | 2.59 2.40 2.23 2.42 2.26 2.337 2.354 | 2.370

TABLE IV

Masses (in GeV) of the ground pseudoscalar glueball.

Mass |Present work |Ref. [43]| Ref. [44] |Ref. [45]
Mpse 2.238 2.56 (2.05£0.19|2.2+£0.2

5. Conclusion

In this paper, employing two different approaches, we estimate the mas-
ses of the second radial excitation of the 1’ and the lowest pseudoscalar
glueball. Within the framework of Regge trajectory, the mass of the sec-
ond radial excitation of the 7 is determined to be 1862.44 MeV, which is in
agreement with our previous work. Moreover, based on the glueball-meson
relation derived in the glueball dominance picture, we obtain the mass of the
lowest lying pseudoscalar glueball of about 2.238 GeV, which is well consis-
tent with the lattice predictions. Comparing the results with experimental
data and other theoretical predictions, we suggest that the X (1835) should
be assigned as the second radial excitation of i’ rather than pseudoscalar
glueball.
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