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Mixing of the Neutral Tensor Mesons f,(1270),f,(1525)
and the Glueball Candidate £(2230) *

LI DeMin FANG Jian YU Hong SHEN QiXing
(Institute of High Energy Physics, The Chinese Academy of Sciences, Beijing 100039, China)

Abstract  Assuming the spin-parity J of the £(2230) is 2**, the mixing of the neutral tensor
mesons f;(1270), f; (1525) and the glueball candidate £§(2230) are investigated. The glueball-
quarkonia content of the f, (1270) ,f, (1525) and £(2230) is obtained from a detailed fit to the avail-
able decay data of these three states. Several predictions for the decays of the £(2230) are presented.
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The existence of glueballs made of gluons is one of the important predictions of QCD. The cur-
rent situation with the identification of glueball states is rather complicated, but some progress has
been made in the glueball sector. By studying the mixing between quarkonia and glueball to under-
stand the properties of glueballs or identify the glueball states is an appealing approach!! ™7’ .

It has not been finally determined that the spin-parity J7C of the £§(2230) is2** or4" ", but
the narrow width of the £(2230) and the large production rate in J/$ —>7£(2230)!®°! make the
£(2230) seem not to be an ordinary q g state.

If we assume that the spin-parity J® of the £(2230) is 2* *, by studying the mixing of the
f,(1270),15(1525) and §(2230), we can obtain some information of the £(2230).

Inthe IN)=luu+dd)N2, |S)=1ss5), |G)=|gg) basis, the quadratic mass matrix de-
scribing the mixing of a glueball and quarkonia can be written as follows!® ; :

mk + 20y v 2AnAs Vv 2ANAg
M = |\/2x5das mi+As  VAska |»
vV 2AxA¢ Vs mé + Ag
where my, mg and mg are the masses of the states |N),|S) and | G, respectively. Ay, A and
A are the mixing parameters. The physical states | £, (1270)), | £5(1525)) and | £(2230)) are
the eigenstates of M? with the eigenvalues m%z , m%; and m}, respectively. If one defines a 3 X 3

unitary matrix U which transforms the states | N), | S) and | G) into the bhysical states
| /2(1270)), 1 £2(1525)) and | £(2230) ), the three physical states can be read

I £2(1270)) [ N) 1y zi| (i N)
| 2(1525)) | = U|18) |= |22 3 =z||1S)], (2)
| £(2230)) | G> 73 y3 2 U G)

where
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V 2anAq (m - mi) V AsAg(m% - m%‘ ) 2anAs — (m¥ + 24y — m%z Wmd + A — mi)

G, G ¢,
U=V 2AnAg(md - m%z) v AgAg(mk - mtz'2 ) 2AxAs — (mb + 2Ay - m%2 Ymd + As - '"%; )“§ (3)
C, C, o z
Y 2AnAg (m} - m%) JSAghg(md - m%) 2AnAg — (mk + 24 — mE)(md + Ag — mi)
Ce Ce C. i

with Cii=g .1, =
V 2hnAg(md — m?)? + Asdg(mk — m?)? + [2AxAs — (mk + 24y — m?)(md + A - mI) ]2, (4)

(m%2 - m;z\l)(m,z'2 - m&)(mi - m¥)

Pn = (m& = m%)(mE - m) ’ (5)

. (m} - md)(mf, ~ md)(mE — mi) .
s = (m% — m3)(m% - m3) ,
(m} - m&)(m} - m})(mi - md)

AG = b G f‘2 G £ G (7)

(m% - mE)(md - m%)
For the hadronic decays of the f,(1270),f,(1525) and §(2230) , neglecting the possible glue-
ball component in the final state mesons, we consider the three coupling modes (See Fig.1. ) Per-

forming an clementary SU(3) calculation 4+1%713) | we can get the following equations:
i g3 ; -|
F,r gL Epoa » \‘5 i 1%; iy (2; 1 T )it ra 2y :
T(l‘g—"l\'_}_\') = bl [z ._ : 1 T = ®
> + y + (2422 +231) +2r; 2, I
2
Ii-'((ffz:KIg) = (%)5 [ﬁfll 2t 2t )k rmz] : (9)
2 K [J—%+y1+r1(2«/§11+2y1)+2r221}
X 2
Py o (pa) g Rmr et n
r(f,—=KK) _ 3(—’;2) 2 2 (1)
N + 32+ 1 (2V22; +23,) + 2137,

ri,—=m (ﬁn)s [V2ata; + 28y, + 11 (225 + y5) + 1 Zz}z (11)

T oRK = 7 T
P(fz KK) Pk [;_52_+y2+r1(2~/§1‘2+2y2)+2r222}

2

<

[ﬂ +r1 (223 + 33) + r223]

V2
z3

)
—+y3 + r1(2~/§x3 +2y3) +27’22’3]

V2

(12)

e - 3(%)5 |
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where a = (cos = v2sin)V6, B = (sind +v2cosd)VG, 8 is P
the mixing angle of nand 7. p, (9], p%) (j=x,79,K) is QEO [

the momentum of the final state meson j in the center of P

mass system for the jj decays of the f, (1270) (£, (1525), (a)

8(2230)). r,(r,) represents the ratio of the effective cou- gl ’

pling strength of the mode (b) (¢) to that of the mode qﬁo m ﬂ

(a). 2 P
For the two-photon decays of the f, (1270) and f', (b)

(1525), we have!- .

1} P
F(fz_"W) ¢ P
82

(a, (1320)—=7y) ~
( 13 (e)
1 m f} 5
9 EJ (511 +~/§yl) ' (13) Fig. 1. (a) The direct coupling of the
- quarkonia component qq in the decaying
r(f, =) particles to the final state mesons; (b)
=7 = The coupling of the quarkonia component
I’(az((1320)3—’yy) qq in the decaying particles to the final
1| ™My, 2 state mesons through two gluons; (c¢) The
9 [E:] (5, + ﬁyz ) (14) direct coupling of the glueball component G
. i i icles he final
The experimental data relating to the f,(1270), n thensdecay] Mg particies o the hinal state

f3(1525), &(2230) and a,(1320) cited by Particle

Data Group 98'"*! are as follows:
my = 1275.0 £ 1.2MeV, I'(f;) = 185.538MeV,
D(f,—=xm)/[(f;) = (84.6:3)% , ['(,—~KR)/I'(f,) = (4.6 +0.4)% ,
F(h—=m)Ir(f) = (4.5+1.0) X 1073, T(L—=y)/I () = (1.32°87) x 1075;  (15)
mg, = 1525 + 5MeV, I'(f;) = 76 = 10MeV,
P{f;—m)/T(fy) = (8.2 +1.5) x 107, '(f,~KK)/T'(f,) = (88.8 + 3. 1)% ,
P(f;=m)/P(f3) - (10.3£3. D)%, N(H,—~y0)IT({;) = (1.32£0.21) x 10%;  (16)
mg = 2231.1 £ 3.5MeV, I'(8) = 23'5MeV,

r(é—mm)/T(6~KK) = 1.0 £ 0.5; (17)

m, = 1318.1+0.6MeV,I'(s,) = 107 £ 5MeV,

T2~/ (a) = (9.4 0.7) x 107, (18)
We choose 8= —15.5°1718 5 = mﬁf‘lg] as well as the central value of the data mentioned

above as input. The m¢, mg,r, and r, are unknown parameters. The fit results are as follows:
m;=2.42 GeV, ms=1.54 GeV, r, =0.08,r, =0.3 and the numerical form of the unitary ma-
trix U is
0.991 0.105 - 0.088
U= 0110 -0.992 0.061 (19)
-0.081 -0.070 -0.994
with the y*/DF =1.57/3%0.52. The physical states 1£,(1270)), [{5(1525)) and [£(2230)) can
be read
' £2(1270)) = 0.991 1 N) +0.1051 S) — 0.088 | G), (20)

| [3(1525)) = 0.110 | N) -0.992 1 S) +0.061 | G), (21)
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| £(2230)) =-0.081 1 N) - 0.070 1 S) - 0.994 | G).
Our results suggest that the f, (1270) is a nearly pure L—m—ji—dd meson and the {5 (1525) is a

nearly pure s§ meson, which is consistent with the decay data of the two states, Egs. (15) and
(16), also with the experimental data!™>) BR (J/p—¢f,) <3.7x107*, BR(J/y—wf) = (4.3 £
0.6)x 1073, BR(J/¢g—$f;) =(8+4) xX107*,and BR(J/¢—wf;)<2.2X107*.

Our results also suggest that the §(2230) is a nearly pure glueball state. The following predic-
tions about the behavior of the £(2230) decays can provide a stringent check of our results.

3
I{‘(_(afz—__’% - %(’;"i) (55 ++2y5)* = 0.136, (23)
£S5 2 2 z
II:((:_TKK)) _ (%) [[;313 + 2ﬂ2y3 + rl(ﬁ:q + ys) + rzz32l =0.215, (24)
L/—_z, + y; + r1(2ﬁ$3 +2y3) +27223}
, £\ 5 2 2
?Eixxg (%) [ﬁfzxs SRttt ) rmz] =0.015, (25)
K [J—%+y3+r1(2~/§x3+2y3)+27223}
2
X3 _
[(E(2230)— ) _ 1(&')5 [4“3(5 y3)] ~ 0. (26)
T(6(2230)=KK) _ 2\ pk [ P

3 + y3 + 7"1(2*/513 + 2y3) + 27‘223}

V2

Reducmg the phase space factors of these decay modes of the £(2230) given above, we have
P&~/ P(—+KR) =0.248, ['(&—q'7)/(8~KK) =0.252 and I'(§—m’ )/T'(&—~KK)=0.
These results are in excellent agreement with the predictions for a glueball decaying into two
pseudoscalar mesons given by the naive quark model (G~ T (G—~KK) = [(G—=7'7) /T (G~
KK) =0.25 and I'(G—~qy)/T(G—~KK) =

In addition, the Gell-Mann-Okubo type mass relation m% + m% = 2mK2
proach. The pure glueball mass mg = 2.42 GeV is in agreement with the lattice QCD simula-
tions'?"22) which give 2.4 +0. 12 GeV for the tensor glueball mass. The fit results as well as the ex-
perimental data of the decays of the f,(1270),f,(1525) and §(2230) are shown in Table 1.

(20] holds in our ap-

Table 1. The fit results as well as the experimental data of the decays
of the £,(1270), £,(1525) and £(2230)
i (&) re~m | L&y | FEqy) | TEn)
es — - — - . i
I'(e—=KK) r'(e—=KK) r'(e—~KK) P(§—~KK) I(ay—7yy)
Exp. 1.0+0.5
Fit 1.199 0.215 0 0.015 0.136
V['d I'(f,—>mn) (G —m) ri—rr) I'(f;—mm) r(f’,~m) r{f;—=7rr)
Modes = == — 2 T —=— S
P [(5,—KK) | I'(L—oKK) | T(g—y) | I'f,—KK) | I(f,—KK) | T(zm—7)
Exp. 1% 18.39+2.14 | 0.098+0.03 | 2.44%0.66 | 0.009+0.002 | 0.12+0.04 | 0.1£0.04
Fit 16.84 0.11 2.602 0.009 0.099 ' 0.125

By the way, as K. T. Chao'®®! pointed out that the higher angular momentum barrier be-
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tweenq and G in a L =3 meson would prevent them from being annihilated into gluons and then
mixed with the 2" ¥ glueball, and that in the nonrelativistic quark model language, the radial wave
function as well as its first and second derivatives at the origin vanished for the L =3 mesons, thus
the annihilation matrix elements are suppressed. Therefore in this work, we do not consider the
mixing between the L =3 qq mesons and the §(2230) though the L =3 qg with J®* =2** are close
in mass to the §(2230).

We also want to note that the present predictions about the behavior of the £(2230) decays is
based on the coupling modes as shown in Fig. 1.,i. e., we neglect the possible glueball component
in the final state mesons. The discussions about the decay of the glueball are planned for separate
publication when the possible glueball component in the final state mesons such as nand 7 is consid-
ered.

In conclusion, assuming the spin-parity J of the £(2230) is2** , we study the mixing of the
f,(1270),1',(1525) and £(2230) and determine the glueball-quarkonia content of the three states.

We suggest that the §(2230) is a nearly pure tensor glueball, the f,(1270) is a nearly pure uﬁjidd

meson and {', (1525) is a nearly pure s meson. The predictions for the decays of the £(2230) can
provide a stringent check of our results.
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