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e An enhancement has been observed by the BES collaboration
In JJ'V — yw¢ radiative decay

J7°=0"" | X (1812) : M=181277 (state) +18(syst) MeV/c’
[ =105+ 20(stat) £ 28(syst) MeV/c*
B(J/¥ — y X (1812))-B(X (1812) — wd)
=(2.61+0.27(stat) + 0.65(syst)) x10™

e Recent BES data on J/¥Y — ¢xx indicate that there is a possible
new spin-0 state

f (1790) : M=17907°2 MeV/c? and T =270"% MeV/c?

B(J/Y — ¢ f,(1790))B(f,(1790) » nx)=(6.2+1.4)x10"*
e In the energy range of 1 to 2 GeV, three 0" (0"") states:
f,(1370), f,(1500) and

have been experimentally confirmed.




e Close et. al suggest that f,(1370), f,(1500) and f,(1710)
may be mixtures of a scalar glueball G, an i1so-singlet

quarkonium N=(ut+dd)/~/2 and S=sg.

o f (1790) + f,(1370),f, (1500) and f,(1710)
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The Studies on the Possible Structures

\.

of the Mixing

The mass matrix can be expressed as
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M

where M, = (£3|H|&s), Mey = (Env|H|én), Mg = (GIH|G), Mg = (S|H|S) and My =

{N|H|N} are the diagonal matrix elements of M.

e = (G|H|&s) = (G| H|En) /2.

f = (GIH|S) = (GIH|N)/v2
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The matrix element <N|H|S> Is
obviously OZI suppressed



Diagonalizing the above matrix, one obtains the mass eigenvalues and physical states
In terms of the quarkonia, hybrids and glueball. We parameterize the relation between
the physical statesand the basis as
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where Fpiyg = (| X)), |fo(1790)), |F(1710)), |fo(1500)}), |£2(1370)) and BE —

basia
(|¢s0,  |&w), |GY,  |S). |N)). Here the state X is an extra 0+ state predicted in

this scheme.

The mixing parameters w, v., z., y, and x. depend on the seven parameters
M, . csn:€andf

The available data which are directly related to these parameters are the

five known eigenmasses of f,(1790,1710,1500,1370) and X(1812)



To completely fix all the parameters, more information is needed

. 3

The etfective Hamiltonian of scalar state decaying into two psendoscalar mesons can be

written as [U]

HE = ATe[XpPpPr] + f2XoTr[PrFr]
+ [ X Tr[Pp|Tr[Pr| + fiTr[ Xy PrFr|
+ fsTr[ Xy Pe] Tr[Fe] + faTr[Xp | Tr[PrPr
+ frTr[Xp Pe|Tr[Pr] + f Tr[Xp] Tr[Pp | Tr[ Py

+ foIr[Xy|Tx[PrFr] + fioTr[Xy|Tr[ Pr|Tr[Pr|. (3)

Here X i1s the flavor matrices of iso-singlet quarkonia components of X; where the subscript

i =1,...,5 labels the five physical states. The detailed expression for X' is given as [5]




Fr 15 the pesudoscalar octet,

o ma
V2

The concrete expressions of X and Xy are

XG‘ = ZziXi:

Iy and . describe the  — 1's mixing, and
Xy
cosf — v/2sinf
Q:,‘ﬂ = y‘ni = ﬁ ;
sin 6 + v/2cosd
:._,",'?1 = _yﬁ = V,r‘ﬁ ,

where # = —19.1°[10] 15 the mixing angle
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FIG. 1. The diagrams correspond respectively to terms in eq.(3). The last five terms are OZI

suppressed ones.
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Numerical Results

* Five eigenmasses of f,(1370), f,(1500), f,(1710), f,(1790) and X(1812)
* Nine ratios of the branching ratios listed in Table 1

+ Determine 11 parameters (7 parameters in the mass matrix+4 parameters
& in the decay amplitudes)

We can carry out a y° analysis with 3 degrees of freedom to
test the QGH mixing mechanism.



Experiment data[20] Best fit
T SO KR 2.17 £ 0.90 2.22
A 0.35 £ 0.30 0.42
E e (1500 5.56 + 0.93 5.45
S — 0.33 £ 0.07 0.32
e T 0.53 £ 0.23 0.26
o 0.20 £ 0.03 0.20
R I0 0.48 £ 0.19 0.27
O < 0.04(90% C.L.) 0.007
I fo(1790)—mm) 9 oo+5.6 9 Q.
C(fo(1790)—FKK) 3.88715(2] 3.84
My 1812y (MeV)[1] | 181213 (stat) + 18(syst) | 1809
M, 1790 (Me V) [2] 1790150 1707
ﬁ.!rfm]_'ﬂ_gjlz:["l.[*?‘tr}[lg] 1714 £5 1714
ﬁ.!rfmmngjli:["l.[*?"tr}[lg] 1507 =5 1510
M 51370y (Me V) [15] 1350 4+ 150 1242

' u b o ¥
minimal = per degree of freedom is 1.26.

Table 1: The measured and predicted central values for branching ratios and masses. The
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The best fit values for the mxing matrix elements are given by

([ _0971 —0.197 —0.106 —0.074 —0.031 |\ X(1812)
—0.215 +0.967 +0.106 +0.081 +0.032 | f,(1790)

U=| —0087 —0.143 +0403 +0.888 40.146 |.f,(1710)
+0.048 +0.070 —0.707 40429 —0.557 | f,(1500)

\ +0.020 +0.020 —0.562 +0.127 +0.817 | f,(1370)

We see that the dominant component of X (1812) is s5g, whereas the (uii + dd)g/v/2 is
the dominant one in fp(1790). The main components of fo(1710), fo{1500) and fo(1370) are

S, glueball(G) and N, respectively.




We see that the dominant component of X(1812) is s5¢g, whereas the (uit +dd)g//?2 is
the dominant one in fo(1790). The main components of fo(1710), fo(1500) and fo(1370) are

S, glueball{G) and N, respectively.

Parameter | Best fit and errors || Parameter | Best fit and errors
e 2015, (MeV)
M, 180712% (MeV) t 97t (MeV)
M, 179417, (MeV) &1 0.83%50%
Mg 146515 (MeV) £s 0.53%5%
Mg 167011 (MeV) €3 0.92%525
My 133611 (MeV) £ —3.08t4

TI'able 2: The values for the parameters in the mass matrix M and the ratios & = fizi/ fi

(i =1 ~4) in the decay effective Hamiltonian Hef £



QGH Predictions for X (1812) and f,(1790) decays

X (1812)( fo(1790)) — PP’

BR(X(1812) — 77) | 4.4%
BR(X(1812) — KK) | 37.1%
BR(X(1812) — ) | 32.6%
BR(X(1812) — ) | 0.20%
BR(fo(1700) — 77) | 16.8%
BR(f5(1700) — KK) | 4.4%
BR(fo(1790) — ) | 0.8%

BR(fo(1700) — ) | 54.5%

Table 3: The central values for the branching ratios of X(1812) — PP and f3(1790) —

PP



X (1812)( fo(1790)) — V'V’ A(X; — pp) = x_..-3(§1x1.+ V2327 +§4wf),
A(X; — K*K*)

Q1T + 0 "-""E?Ji + 2‘-"@523{ + a4 "-""Ei-'-i + ﬁdwf) )
01%; + 52V 22 + 2253z + Gaw; + 2551”*’);

A(X; — wo)

Y
A(X; — ww) = (
2

2\:‘@&32’3 + M-'ﬁé‘s v + §'5 wi):«

where g, == g; £ ' Eu

- with g5 = g;(py - P2 + a;). Here we have only kept S-wave contribution

since the decays are all close to the threshold and the dominant contribution comes from the
S-wave term. With this approximation, there i1s just one parameter g to consider for each

of the terms.

----- In{b1)

by = D(X(1812) — pp)/T(X(1812) — wg), bp = I(X(1812) — ww)/T(X(1812) = wg), ) i
by = T(X(1812) — K*K*)/D(X(1812) — wg) and by = [(fo(1790) — ww)/T(bo(1790) —» 3] el i

pp) depend on just one parameter [IISNgIGR In Figure 2, we show the ratios for b; for 3
varying from 0.3 to 3 for illustration. We see that the relative branching ratios can change a
large range. When more experimental data become available, information on the parameter

3 will be extracted.

Need more experimental information

Figure 2: The dependence of b; on the parameter of 3.



T — vX(1812)

(Y X Ty = i (yN|T/) + wivS| T/ + 2 (vG| I ) + w (vEn| T /W) + vi{vEs| T /).

If the SU(3) symmetry applies, we would have
(vS|I/w) = (YNII/EY/VE and (3€s| /) = (vénlT/9) V3,
and the relations [21, 22] roughly hold
G/ d) = (sl T/} = (yS|Tfh) ~1: e @ as.
We obtain an estimation

DU =70 = gl Ten(VE )+ Vo V) 4 2T MUS = 1)

where k; 1s the three-momentum of final states in the center of mass frame of J/7).

B(J /4 — 7fol1710) — 4K R’) 8515251074, B(f,(1710) — KK) = 0.38+04 |M(J /9 — ~G)|? = 0.005 ~ 0.016(0.007)GeV?,

B(Jfd — 4X(1812)) = (0.3 ~ 1.0(0.4))%,
B(X(1812) — w¢) = (1.8~ 11.5(6.5))%,
B(J/1 — 4 fo(1790)) = (0.3 ~ 0.9(0.4))%.




Conclusion and discussion

A mixing scheme : scalar quarkonia, scalar glueball and scalar hybrids

0°(0"): X(1812) f (1790) f (1710) f (1500) f,(1370)

o f (1710) : S=s5 f,(1790) : & = (uTi+dd) g X(1812): s5Q

f,(1710):
Clear f;(1710) peak in J/y — oKK.
No f,(1710) observed in Jy - onr !

f,(1790):
Clear peak around 1790 MeV is observed inJy — ¢nm.

X(1812) :

_ . B/Y - yX(1812))-B(X (1812) > w¢)
Large branching ratio

=(2.61+0.27(stat) + 0.65(syst))x10"




Prediction:
X(1812) — 7z, KK, nyp

fo(1790) — 7z, KK, nn, nn' - BES and further

experiments
Jy — yf,(1790)
Jy — yX(1812) y




Thanks!



