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Fig. 1

e We assume the f;(1500) is the glueball can-
didate and this glueball mixes with I = 0

L =1 qq scalar mesons. We analyze the

strength of inter mixing between

.{I = 0 ¢q@q scalar mesons} and {/ =0 L =1

q7 scalar mesons and glueball}
and the strengths of intra mixing among
{I =0 law mass ¢qdq scalar mesons}
andthe »strengths of intra mixing among
{I =0 L =1 qq scalar mesons and gl‘ueball}.‘

e We analyze the decay processes of these low

and high mass scalar mesons. -
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FIG. 1: The 2%+, 1** and 0** meson mass spectra. The particles with overline are particles before-mixing with masses
estimated using the masses of 0+, 1%+ and 27+ mesons. (See the text).
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2. Mixing between Low and High Mass Scalar

Mesons

(2-1) Structure of low mass scalar mesons

e For the structures of the low mass scalar
‘mesons, there are two possibilities. One is-
the chiral partner of the pseudoscalar nonet
and the other is the g¢gg or MM molecule.
We assume the qq'(j(j structure.

(Jaffe(1977), Black et al(1999))

® ¢qdq nonet is represented by the ‘dual ’quark
T; = €4 7" and ‘dual 'unti-quark filed 7" =
eij'“qjqk as.

T* = % qq4, Ti = e @, N} = TV

N{ — ) 5dus <~ af
(NI = N2) = (5dds — 5tus) < af
N, = suds e qg
N = sdud = Kt
Ny = saud —
N3 — - adus = K
Ny = idds = kK"
s (NI +N3) <= 1(5dds + 5uus) < fp
N3 > udud &= o
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e Spectrum of low mass scalar mesons:
Masses of f,(980) and f;(500) are represented
by the masses a((980), K)i900) and mixing mass
parameter ), which describe the interac-

tion strength of OZI rule suppression graph

shown in Fig. 2.

m?co = mzol -+ 2)\0,'. mgo = Zmi — mg'o ~+ )\0 ,.
m%a = \/5/\0

From the relation m; > m, 4, we can get the

“desired spectrum,

2 2 2 2
Ms(980) & Mag(980) = Mg > M5, (500)

= ' >
9947 Dol 9994

B ”
Fig.2
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(2-2) Inter-mixing between low mass qgg scalar

mesons and high mass L = 1, ¢ scalar mesons

e The 'inter—mixing interaction is caused. by
the graph shown in Fig.3 , which represents
the OZI rule allowed interaction

Liny = —Ao1€® GdedeNéedf

= Ao1[ag a'y +a0a0 +a8a’8
+rTKyT + 6T KT+ KUK+ kYR
—V2fnfy — fsfa.— V2 fn f5]

Whére N = ¢q®

T Z%i://// _
999/ // ///jj;:;/ 99
L DW////

:‘,

Fig.3

° Strength of the inter-rr;ixing
(a) ao(1450) and a((980) mixing

-We estimate the masses before' mixing

Mipoggey = 1271£31MeV, Mz = 12362£20MeV
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from the relation resulted from the L - S

force.
m2(12++) - m2(1++) — 2(m2(1++) _ m2(0++))

Diagonalising the mass matrix

( mao (980) Agl )
01 Mooy

and taking the eigenvalues of masses

' mqo(ggo)‘ = 9848i14M€V, ma0(1450) = 1474i19MeV

‘we can get the result
inter-mixing strength A%, = 0.600+0.028GeV?,
mixing angle 6, = 47.1 & 3.5°

(b) k(900) and Kj(1430) mixing

The masses before mixing

mm "—= 1047&62Me\/, mm = 1307+11MeV

- The eigenvalues of masses

TNk (900) : 900i70MeV, 777:K3‘(1430) = 1412+6MeV

From this, we get the results
Inter nixing strength \Y¥ = 0.507 & 84GeV?,
mixing angle 0 = 29.5 & 15.5° |
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ey -
(2-3) Intf&-mixing between I = 0 low and I = 0

high mass scalar mesons

e Mixing between I = 0, L = 1, ¢7 scalar mesons

and glueball

2 _ 2 2 2 2
mfN — mao + 2)\1, mfs — ZmK "" muo + A]_,

m?\[s - \/i/\l

2 2 2
Myg = \/§>\G; Mgg = AGa Mg = Aga

-')\1 i1s the term of the OZI-rule suppression

graph for ¢7 shown in Fig. 4

g

N

-

g
Fig.4

ANG, ii{yjﬁig(; are the transition between ¢¢ and
glueball gg showed in Fig.5 (a) and Mg is
the pure glueball mass shown in Fig.5 (b)
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. % E

(a)

99/ /gg

(b)
Fig. 5

e Inter- and intra- mixing among / = 0 low
.mass and high mass scalar mesons

- mixing mass matrix

( m3 +2X  V2X Aot V21 0 \
\/i)\o ' m% -+ )\0 \/§A01 0 0
Aot V22 mA+20 V2A V2
| \/_2—/\01 0 . \/§>\1 m?g, -+ )\1 )‘G
\ 0 0 V2 Ag Mo/

Input (unit:GeV)

my = 1.271 %+ 0.031, mg = 0.760 % 0.179
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mpyt = 1.236 = 0.02, mg = 1.374 4+ 0.003

M fo(980) = 0.980 = 0.010, 1724(500) = 0.500 == 0.100

M oas70) = 1.350£0.150, m 710 = 1.71520.007

M o(1500) = 1.500 = 0.010. -

We get the result:

(a) fo(1500) is assumed as glueball

Ao1 = 0.53 £ 0.04GeV?, A\ = 0.03 + 0.04CeV?

A1 = 0.07 £ 0.05GeV?, \g = 0.23 + 0.06GeV?

Aeg = (1.53 £0.03)2GeV?

2

—0.095 £ 0.059 —0.558 4 0.041
—0.531 £ 0.086 —0.104 % 0.060
0.681 £ 0.042 —0.480 + 0.042
0.464 4+ 0.044  0.527 & 0.044
0.089 £ 0.088 —0.361 = 0.122

[ f0(980) \ ( 0.71940.061 —0.389 =+ 0.096
fo(500) 0.264 £ 0.065  0.789 4 0.080
fo(1370) | =1 0.048+£0.047  0.433 +0.062
fo(1710) - 0.533£0.100  0.1744+0.029

\ fo(1500) /  \ —0.403+0.107 0.050 £ 0.047

0.11140.026
0.108 4 0.035
—0.311 £ 0.053
0.445 4 0.164
0.813£0.102 |
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[ fn
fs\
X ?’7,
S
\ fo )

(b) fo(1710) is assumed as glueball

Aop = 0.42 £ 0.05GeV2, Ny = 0.04 &+ 0.02GeV?

A = —0.08£0.05GeV?, Ag = 0.28 £+ 0.03GeV?

Aee = (1.64 +0.03)2GeV?
[ f0(980) \ [ 0.58240.046 —0.547 £0.090

fo(500) 0.205+0.075  0.702 £0.110
fo(1370) | = | 0.271£0.035 0.41440.065
fot1500) —0.708 = 0.038 —0.045 4 0.052

\ fo(1710) /] \ 0.2024£0.037  0.064 % 0.010

—0.258 +£0.149 —0.5224+0.019 0.131 4 0.050 \
—0.623 £0.076 —0.194+0.071 0.099 +0.016
0.690 = 0.026  —0.539 4 0.042 —0.124 & 0.035
 —0.075+0.035 —0.581 +0.041 0.355 4+ 0.064
10.2394+0.043  0.262£0.051  0.907 £0.034

[ f
s

x| fu
!

fs
\ f& )
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3. Decay processes of scalar mesons and glueball
e Nog, N'¢¢p and G¢¢ Coupling

Ae®Ce 4o NEO# 320,901 for N coupling,

. /¢
. :<
—,
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- (2-1) a(980), ao(1450) and K(1450) decays
e coupling constants -

Vao(980)—k & = 2(Acosf, — A’'sinb,)
Vao(980)mn = 2(A cos b, sin fp — /24" sin b, cos fp)
Yao(1450)»k & = 2(Asiné, + A’ cosf,)

" Yao(1450)—mn = 2(Asinb, sinfp + /24’ cos 8, cos Op) .
Vao(1450)—my = 2(—Asin b, cos Op + /24’ cos b, sin fp)
VK (1430)—ak = 2(Asin Ok + A’ cos k)

Op is -’ mixing and 0p = 0y_g + 54.7°

e decay widths

‘ 2
T __ Yag(e80)=+ KK 9an(980)=KE 4 )
00(980)—)KK - 327 m? 0,0(980)—}KK
ap(980)

?

2
. fy_a0(980)-—>7r77 9aq(980)—mn . 4

Fan(0801ven = 32m m2oosoy  a0(980)—mn
Fao(l450)->KR' — 720(1;520)—+KI—{ qag(l2450)-)Kf{ 4 R
2 T M a0(1450) a0 (1450)—
FGO(MSO)—”W = aq(l:;;;)r)—-mﬂ qa&(czj;l(sloi;;n mio(1450)——>7r77
Fao(1450)__>7m/ = 720&;520)-”71' qag(é450)—+7\-nl 4 .
" M 0 (1450) ao(1450)—mn

2
r _ 3 'KZ(430)nm i IKE(1430)snK 4
K3(1430)»7K = 5 357 Mx(1430)nK

p
ks (1430)

where

M? 4+ m — m?
AM—mime = \/( oM - 1)2 - m%
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for M =~ m; + m,

1. [M+10ay _medD?
dM—mimg — Re / € M
vV 27‘(‘AM

m? +m3 —m}.,
><\/( )% = mj dm

M-10ANp

— 2 2
MM-—smimg = \/M2 — my =My

e Experimental data

Pao(QSO)——mll = 75 & 25MeV

L oo(980)— K &/ Tag(980)—my = 0.177 £ 0.024
Lao(1450)—an = 265 £ 13MeV
F%(ME)O)-—}KR’/ [ ao(1450)»my = 0.88 +0.23
Lo(1450)=mn [ Tao(1450) e = 0.35 £ 0.16
FK8(1430)—+7I'K = 273 + 44M6V

Loo(1450)—an/ T k3 (1430)—an = 0.97 £ 0.16
6, = (47.1+3.5)°, Ox = (29.5+ 15.5)°,

e We get the allowed values for A and A’ in the
x? = 8.383 corresponding to the 30% C.L. on
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.degree of freedom 7.

A=-0.0254+0.525 A =-27+0.3,
Op = 49.7° £ 5.0°

Fag(QSO)—)all = 24 + 14MeV

[ o980k &/ L ao(980)—ay = 0.14
[ao(1450)»al = 267TMeV

Fcm(1450)-—>1f<1r</ [ 0(1450) 7y = 0.62

[ ao(1450)—mn /T ag(1450)—nqm = 0.46

[k (1430)0nk = 282MeV

[ ao(1450)—an/T K2 (1430)+an = 0.94

(2-2) £5(980), £o(1370), fo(1500), fo(1710) decays

e coupling constants for fo(M), (M = 980, 1370,
1500, 1710)

Yfo(M)—am = 2("‘ARf0(M)S + \/QAIR]EO(M)N/
+2A”Rfo(M)G)
Pon(M)—-)KR - \/Q(”ARfO(M)N +‘AIRfO(M)N/ _
+V2A4' Rpyanysr + 2v2A" Ryyn)G)
foO(M)ﬁﬁn = 2-(—ARf0(M)N COS 9p sin 9p
' “+= ARfO M)S COSQ'HP _
\/—A Ry, (unyn cos® Op
+ A Rfo(M)N’ sin QP —+ AIRfO(M)G)
Vfo(M)—mn' = Q(ARfo(M)N cos 20p
+5 ARfo(M)S sin 20p
\/—A Rfo( M)N' SlIl 29}3
A Ry ovynr sin20p)
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where Ry () are matrix elements

[ fo(980) . (fN\
fo(500) fs

- So(1370) | = [Ryanil | fiy

| fo(1710) fs
\ fo(1500) / \ fa /

I'=N,5 N S G

o decay widths for fy(M), (M = 980,1370, 1500, 1710

2.
, — 5 Yo (M)—smn Qg(M)—nmn 4
L so(agysmn = 3 32 me o) M fo(M)—ma
2
")’ — -
: _ — 9 fo(M)~KR Y (M) KR 4 ~
Lhouymrr = 2-1005 mZ on M fo(M)—KEK

2
Y_&)(M)ﬁnn dfg(M)—nn .4

F M)—nn — 2
Fo(M)—mm 32m mi o fo(M)—mn

2
T - T i (M) = ny! o(M)—nn! 4
fo(M)—=nn' = ~ 357 mi gy Jo(M)—mn
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e experimental data

Ffo(ggo —Sall = =70 £+ BOMQV

Pfo 980 ﬁm/I‘fo(ggo),_)m+KK =0.74 = 0. O7(PD undemded)
Ff0(1370)_)a11 = 350 4= 150MeV

Ffo(1370 __>7r7r/rf0u370)__>a11 = 0.26 & OOQ(PD undecided)

Ff0(1370 ->KK/Ffo(1370 —all = = (0.35 & OlS(PD unde<31ded)
Ff0(1500 —all = = 109 & TMeV

Ffo(1500 —->7r7r/I‘fo(1500 —all = = (0.454 £ 0. 104(PD undec1ded)

| Ff0(1500 -+KK/Ff0 1500)—all = = 0.044 + 0 O?l(PD undemded)
1—\fo(1500)—“777/Ffo(1500. ysrr = 0.18 £ 0.03
Pfo(1500)—>m7'/Ff0(1500)_>7m = (0.095 £ 0.026
L f0(1500) ' /T fo (1500) s = 0.29 £ 0.16
Pf0(1710)_)a11 = 125 & 10MeV

- Pioanio)snr /T a0y x g = 0.39 £ 0.14
Pfo(1710)—%KK/]‘_‘f0(1710)—'>an = 0.38 &+ 014(PD undecided')
I‘fo(1»710)_”777/I‘f0(1710)_+a11 =0.18 £ 008(PD undecided)
Pfo(1710)—>nn/rf0(1710)—>KI'( =0.48£0.15

e We cannot get the allowed values for A, A’
‘and A" in the x* < 16.222 corresponding to
the 30% C.L. on degree of freedom 14 for
the case in which f0(15_QO) is glueball. |

e The allowed values for A, A’ and A" in the
x? = 16.222 corresponding to the 30% C.L.
on degree of freedom 14 for the f;(1710) glue-
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ball case.

A=-29+015 A =—197+0.08,
A" =0.603 £0.015, 6p = (30.5+1.5)°
1—\fo(fi’S())——an—KI—{ = 32MeV

I #(980)=mr /T fo(980)—an = 0.75

T fo(1370) > nr+ KR+ = 137TMeV

I to(1370)2nn /L fo(1370)—an = 0.322
Ffo(l370)—+K.f</Ffo(13‘70)—+au = 0-004

L fo(1500) s+ KR4ty = 92.9

I fo(1500)—->7r7r/ I ¢, (1500)—an = 0.331

[t 500)=k & /T fo(1500)—an = 0.069

I £,1500)=nn /T fo(1500)war = 0.17

I, (1500) =y /T fo(1500)—nr =.0.075

T o(1500) = /T fo(1500) 7 = 0.439
Ffo(l710)—>7r7r+KK+7m+nnf = 122MeV
F'fo(17105—+7r7r/rfo(1710)_,;(;2 = 0.397

L oam10)= k& /T fo1710)—an = 0.628
l—11"0(171())—%777/ Pfo(1710)——>a11 = 0.086

I toam10)=m /T foami0)—x & = 0.137
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3. Conclusion

Coupling constant A’ for N' — ¢¢ is about
—2.8for I =1,1 =1/2 and I = 0 scalar meson

decays.

Coupling constant A for N — ¢¢ is —0.5 ~ 0.5
for I =1 and I = 1/2 scalar meson decays
and about —2.9 for I = 0 scalar meson de-

cays. This discrepancy should be explained

in next work.

Coupling constant A" for G — ¢¢ is about

0.6. |,

fo(1710) is preferred to be the glueball can-
didate rather than f;(1500).

® Op is 30° ~ 50°.



