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1. I ":roduction. 

The nature of scalar mesons is one of most obscure and poorly studied 

aspects in the light meson spectroscopy, though a large number of theoretical 

papers were devoted to this problem (see, e.g. [1-7] ). A seemingly natural 

effort to classify the light scalar resonances within the simple quar~­

antiquark scheme encounters great difficulties [2,3] , this encouraging one 

to consider these resonances as bound states of more compound four-quark 

systems ~2 ~ 2 [ 2,4,6] • H<Mever this approach again faces great problems. 
+ . For example, fn [2] the strange 0 meson must be lighter than the fsovector 

•Jne. The naive method of the scalar meson mass determination, based on the 

q.~ model, also, leads to discrepancies in the mass spectra [3]. Besides, 

in the recent years, various glueball models were suggested to explain the 

o+meson nature (see, e.g. [7] ). 
++ ] Consider the present-day experimental situation with 0 mesons [B • 

-S•a
0

(980) (mi;• 983 ± 2 MeV, r• 54 ± 7 MeV, IG-CJPC)., 1- (o++)) 

fs isotriplet. This particle decays mainly into KK and 'l~ . Though the 

6 -meson mass is below the threshold of K K decay, the latter occurs 
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due to the existence of finite width in b . The existence of KK -channel 

nearly in the centre of the o peak must brinq, owinq to the "cusp-effect", 

to the broadening of the real total width as compared to the 54-MeV one ob­

tained from the rt:it channel. Besides, this results in strong distortion 

of the shape of the Breit-Wig~ner peak. Recently there nppeared data on the 

decay width: r(o 0-n) BR(o-.. rfIT)= 0.19 ± 0.07 t 0.1 keV and on photo· 

production: 6"(1fp+cS±x -ri.:ir-:tx) = 400 ± 100 nb. 

- 5*. fo(975) ( msM" 975 ± 4 MeV, r = 33 ± 6 MeV, IG(:rP5J.· a+ (O++). 

decays mainly to rri!ii (78±3)% and l<K (22±3)%. This resonance is determined 

from the interference effects of s and p -wave rsr-1i states and the 

direct production in the :n:-p- 5i31'n process. In addition, this particle 

was detected 1n J If'- 'j'S and J II! -O)S decays. There exist also I • v ~ . 
experimental restrictions on the width T( s•--- ~~) < 0.8 keV. Here 

again the crucial role must be played by the "cusp-effect" on the KK -

channel threshold. 

- € • f
0

(1300) (m£~1300-1500 MeV, r,.,160-400 MeV, IG(Jpc)• O+(O++)) 

decays mainly into atT! (90 %) and KK (10 %). Ref. [7] cites 174 pub-

1ications about observation of this particle; neverthel~ss its mass dnd 

width are known with very lar9e errors. Precise determination of 1r1ass and width 

of this very wide resonance in ( ~-~i ) S -wave i:; hiqhfy cmp11cated: 

1t is difficult to discriminate between the S -wall(' contr tbution and the 

interference with the lJ -wa•1e f and f 1 ;nesons; 11i.11·.v other wide states 

are present in the S- wave; finally, the •cusr-Pffect" fr001 !iiJi: , K K 

and 1J. ri, thresholds distorts viol1mtly the shapi; of the Bre1t-Wiggne·r peak. 

These three resonances are regarded as estab11shr.~ r~lat.1ve1y reliably. 

4 

A total list of all available data on well-established scalar mesons fi , 

51f and e 1s given in Table 1. 

-ce = K: ( 1350) ( m<2 - 1350 MeV, r ~ 250 MeV, IG (JP) • 1/2 (O+)) 

is the only known scalar strange resonance; 1t decays mostly into K:IT • 

The mass and width of this resonance in different experiments vary within 

200 MeV. Again the parameters of this resonance are to be strongly affected 
I 

by the "cusp-effect" from the t<: ~. threshold. 

Here the "well"-established particles are over with, and the sphere of 

theoretical and experimental speculations begins. 

-G- • f0 (15~) (mG • 1587±16 MeV, r • 287±50 MeV, I"'(Jpc)"' O+ (O++)). 

It was observed by one experimental group only. It decays mostly into 'L1 
and fl'l' . Possesses very strange properties. This resonance will be con­

sidered at greater length in Section 3. 

-~5 .. f
0

(1240) ( m~5 = 1240±22 MeV, r• 140±22 MeV,IG-(;rPC)• o+(o++)), 

0 - .. 

was observed by only one experimental group in decays into Ks Ks ; be-

sides, it is known that BR(9
9
-jf:lt) BR('as-- KK)~ (0.04)

2
• 

Experimental status of this resonance is highly doubtful. 

+156 
-5~ 1 (1730) • f (1730) ( m51tt• 1730±22 MeV, r= 200 MeV, IG-(Jpc)• 

0 -9 

+ ++ 0-• O {O )). It was observed by two experimental groups in decays into K5 K9• 

Its mass is determined sufficiently precisely, but 1ts width varies from 

50 to 300 MeV in different experiments. Besides, there exists s • X (2220)-

meson with mS • 2220±20 MeV and r • 40±30 MeV, whose spin is not pre-

cisely established but 1s known to be even. 

The existence of such large number of resona~ces strongly complicat~s 
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the construction of scalar meson multiplet. Various theoretical analyses of 

the S wave 3\':il and K K states bring to extraction of various new 

o+ states not coinciding to each other, displace the old well-known reso­

nances. All these lead to nearly complete uncertainty of experimental status 

Of 0+ -mesons, 

The isovector 6 (980) as wel 1 as its isoscalar partner s* (980) are 

known pretty long ago. Their simplest interpretation w1th1n the naive quark 

model is that the 6 (980) 1s considered as an analog of ~ -, wh11e the 
jf 

S (980) - as an analog of w -mesons. But in this approach there i11111ed1-

ately arise great difficulties, the most serious of there being, apparently, 

a too large decay width f( S* -.n:rr) %- 400 MeV as against the experi­

mental value >'$ 25 MeV. Besides, it is unclear why the strange scalar meson 

re (1350) is by 370 MeV heavier than 5 . Experimentally, both S* and 6 

seem to be connected with the strange particles more closely than with non­

strange ones, contrary to .the ordinary ~-ro pair. Their relative rate of 

de.::ay into KK is too high, though it is strongly suppressed by phase 

space. All these peculiarities make the interpretations of scalar states as 

usual quark-antiquark mesons doubtful. 

The interpretation of scalar mesons as 'l-~ states mixed with the four­

quark ones was proposed in Ref.[9] , but the results of this work were cri­

ticized in Ref. [4] . 

In our work we sug9est <1nu.i1er, seemingly more natural explanation for 

unusual properties of scalar mesons. We assume that for o+ mesons thert:! 

takes place a usual quark-gluon mixing that plays an essential part 1n 0-

and 2+ mesons (10} • 

The mixing s1.heme considered is as follows: O (980) is taken as iso-

vector s·tate, re {1350) - as strange state. Two lowest singlet states are 

well determined - those are 5*(980) and E (1300). The place of the third 
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singlet state is vacant, it can be pretended on by the following resonances: 
*I 

~5 (1240), G (1592), S (1730) and S (2220). We shall consider each of 

these particles separately and choose the most appropriate one. 

In Section 2 we give the mixing model and formulae for the scalar part­

icle decay widths. 

In Section 3 we discuss the results obtained and compara them with expe­

rimenta 1 data. 

2. Mixing Model. 

Here just like in Refs. [10] we shall deal with an ideal basis containing 
1 - -

vectors of states of normal IN>= .f2 I LIU + dd. > and strange 

IS > = I SS> quarkonia and gluonium I G >=I 9~ > . The physical states 

I 'f > are their linear combination: 

I~>= X-v \N> + 'j'I' \S > + r.'I' IQ-> (1) 

'a 2. 2. 
where X'I' T !:1qi T l.'I' = 1 and 't' = s* • e and one of the particles 

~s . G • s*' . ~ . 
The reason of quark-gluon mixing in QCD is annihilation of ci,~ -system 

Into gluons, i.e. the annfh1latfon terms li. ( i.=N,S and G ) correspond­

ing to annihilation of quark-antiquark pair into two gluons must be added to 

the quadratic mass matrix of isoscalar mesons. We assume that the mixin~ pa­

rameters .Ai. are· e~ergy-independent, i.e •. we accept the orthogonal mixing 
. I 

nodel. The weights X, ~ and e of ideal states IN>. IS> and IG> in 

physical states I If> are functions of ideal- and physical-state masses 

and annihi.Jation parameters. The physical states must satisfy the eigenvalue 

equations, owing to which we arrive at three equations that express the 

annihilation parameters throuqh masses of ideal and physical states. As a 

7 



result, only three free parameters remain in the model: mN. ms and mG 
• the ideal state masses. 

All experimental material availabe on scalar resonances is presented in 

Table 1. We can build up seven more or less satisfactory experimental ratios 

of decay widths from which we can detennine parameter~ mt with sufficient 

accuracy. 

The formulae used in calculations.were as follows: 

ns-n> = ~ ( ms )3 (s + .fi. )2 
r(5-n) 9 m6" N 5 Ss 

(2) 

f(S-5T3t) 3 P rn 2. _ s [ s) 2 

r(6-'l:lt) - x~ Po \ms SN I 

(3) 

f(S---KK) i P5 ( m6 )
2 

r(S-rtfi)=Xq p6 \ms (SN+J2Ss)
2

, 
(4) 

ns-1111) 1 
=-2 

ns-'lm x'l 

Ps (ms )2 
[ 2 2 P;'" ms X'l.SN+J2~'l.5s+J2.AGoC5 ~~ ~sJ, (5) 

r(s-1111') _ 1 Ps (.ms)'2 r. 
r(s-ri:n)- xf p

6 
\ms Lx'lx'l' 5N+J2H'l~'l'Ss .. ,f2)\~o<.5 i!~l'l.'i!~~6) 

• 2 

r(5-... KK>=lR:) 2ms ~ 
1 

r(o-1J.1t) \ms P ri:rr x'l. 

where Xri.('1.') , ~'I.Pl') and t'.~('I.') are weights of IN>, IS> 

(7) 

and IG> states in Yf.(r1') mesons, calculated fn Refs. (10] ~ Here we used 

the following notations: 

SN= Xs+ n Ji,Ho<.sls' 

S5 =- ~5 +.h 5 ol5 'i. 5 , \S=S~eJ .. ) 
(8) 

8 

llecays of 5 and Sii' into KK and c into '1.'L1 can take place 

owing only to finite width of these resonances. The phase space of such de­

cays was ~alculated by the approximate formula 

( 
p )- rtot f f(m~-(rn1+m~)2)(m! ~ l rr11 - mi.)

2
) 

ma - W ~ 2m! [(mx-M) 2 + rt!t/4] 
rn1+m2 

clrnx 

Ratios of decays of J/'+'-· S l!' type were calculated by formula [10) 

r U I Y-' - S 11') =- (. P s j 3 
( G < s) )

2 
. 

r(J/'f-S*l() \ P:J G(S*) ' 
(9) 

where 

G(S)=J'f.i\NXs+.AsYs+.i\G!s, (S=S~e ... ) (10) 

Besides, there were considered decays of J/y.i - SV type by for­

mulae [ 10 J 

r(J/lfo'-scu)=~~usPscu[SN( 1 + eN)+ J2 SG(s)]2, 
(11) 

r( J/"I'- Slf) =~~vs Ps'f [ R(Ss + ~G(s))-2)' eN S5 )
2 

where the parameters R ' i; and eN are determined in Ref. [19] . 

In formulae (2)-(6) and {8)-(11) the terms violating the quark count 

·rules are taken into account in explicit fonn; they are proportional to )q_ Zc 

The coefficient o<'.5 before these terms has a dimension of Gev-
1

. The corn-· 

parison with experiment shows that c:l 5 ~1 Gev-1, but the results are 

-1 * better at oCt = ffit (-i.= 5 
1 

f, ... ) • For certainty we shall further 

-' -1 
fix °" i = mt . 

111 formulae (5) and (6) the terms ,,ov .i\G l't lri' l corresoond to 
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tile triangular gluon diagrams derived by Gerstein et al. in [11] • 

When determining the model parameters mN , ,m 5 and mco- the experimental 

data on decays into ![Jr and K K were used, while those on decays 1 nto 

two photons were not . 

As a third isosinglet state four particles ~5 (1240), G (1!'90), 

slt (1730) and ~ (2220) were considered. 

It turned out that for particles ~5 ( 1240) and ~ ( 2220) there does 

net exist a satisfactory solution (at experimental datil available). A more 

careful analysis of experimental situation show~ that the resonancP 9s ( 1240) 

was observed by only one exper1menta l group and was extracted ~rom the s -
wave K~ !<:-~ state by means of rather speculative theoretical considerations, 

and we are inclined to think that this resonance, most probably, does not 

exist at all. As to the '5(2220) meson, its spin apparently is 2;- or~+ 

anci it is not a scalar particle. 
I 

There are two particles left: G (1590) and Slf(l730). For each of these 

resonances there exist two different solutions. One of them corresponds to 

that 5lf (980) is an almost pure IS> state, while the other brinqs to :i 

pllre gllleball I G> state for this pi1rtic1a. All available experimental 

data on decays of S * , e and 5 agree with theoretical predictions 

~qually well in both cases. 

In order to show preference to one of these versions, remind that not 

only in quark models but also in the quark-gluon mixing model [10] there 

works well the Gell-Mann-Okubo formula predicting mass rn 5 of state 55 

a 4 i i ms= rnae - ms (12) 

In the first version it turns out from fitting that "~ 2 m.0, ~ 0,6 GeV , 

this leading to a 111ass of the scalar multiplet stranqe partner me£~ 870 MeV. 

There is no such particle in Rosenfeld's tables [8] , so we shall not con-

10 

sider a version when Slt(980) is a nearly pure SS state. A similar ver­

sion was obtained in Ref. [7J and the same problems arose there. 

There is left the second version of solution when 5*(980) is a nearly 

pure glueball. In this case m5 ::::.1.56 GeV, this bringing to the strange 

partner mass !Tloe~ 1300 MeV, which agrees very well with ex~eriment~i m3ss 

of the strange seal ar meson ae ( 1350) • 

To choose a proper version, a ratio 

§_R (J/4'-l:PS*) 
BR (J/'f':·~c.us*) = :.76 ± 1.0 

could have helped, but because of a too large error in experiment both ver­

sions agree with it sufficiently satisfactorily. The version with SS -quarks 

gives ~ 3.4 ± 0.6, .the one with glueball ~ 1.5 ± 0.5. 

We are. left only to choose which of the two possible resonances, G (1590) 

*' or S (1730), is the searched term of our multiplet. 

From [8] we know that the G (1590) possesses rather strange properties; 

the experiment gives the following ratios for decay widths of this particle: 

r<G - mr) < o.45; 
r CG-'ltt) 

r<G·-Ki<) < o.6; 
r<G-'l'l) 

r(G--- '1'11_. 2.7±0.8 
r (G- tt'1) 

If G (1590) is a term of our multiplet, 1t must possess the following 

properties: 

r(G-arar> 
r(G-'lti) 

r<cr- Ki<) r<G---rirz') 
= o.69±0.08; rcG • 4.8±0.02; G ) =0.17±0.01 - run re -'lri 

which contradicts strongly the experiment. Hence, either G -meson is not 

a tenn of the multiplet or the exper1menta1 data in [8] are wronq. 

It was assumed [11] that the (;.(1590) is a glueball just because it 
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decays preferably into llfl and '1'11 
• In this connection we shall consider 

at greater length the question of possible relations between decay widths 

of glueball. Suppose there is some particle G belonging to some multiplet 

and being a pure glueball. That is XG-= ~r,, ~ 0 and l.a- <i::> 1. From [10] 
2 

it is known that x.,_ ~-!:I~~ 0.7, ~'!. 'lii1 ~ -0.03 and i!ri ~ 0.006. 

Because of smallness of :'l and 2.'1 2!:'1.' , the terms correspondinq to the 

triangular gluon diagram (the mechanism of Ref. [tl] ) come to be· very small; 

as a result we obtain from formulae (2)-(6) the follm·dng expressions to 

"stirnate constants of two-particle decays of possible glueball: 

Jc;.t<K __ 1_ + .As 
~Q-3ut J3 (1 -x;) 1 

a ;a x z ]\ + u
2 ~ 2 c:J~'!I'[ oG-.:Jrn"~ 'IN <Jtj."S+~'t)CO. 

.A.N +As 

a 
"'X'l..::: 0,5 

a '/a ~x'IX'l.1 .AN+Ytt!:Jri1.i\s+l11.i!1t'Aa. 
dtf'l.'1 aGKK .AN + As ~ o,5 

(13.l) 

(13.2) 

(13.3) 

One can see from (l:J.l) that the hypothetical glueball prefers decay­

ing both into 5C~ and KK , depend'lng on the ratio of annihilation para-

11eters, ll.s/ .i\.N , in a given multiplet.. Contrary to the statement made 

in Ref. [11] we obtain that the particle decays into 'Fl and 'l'l.1 cannot 

be the grounds for the cla Im that the given particle ls a glueba11; mort>over. 

as is seen from (13.2) and (13.3), decays of glueba11s into 'l~ and rpi' 
-

are suppressed as compared to decay into K K . 

Hence, in the framework of the model suggested, with account of the 

existing scanty experimental information, the only claimant upon th!C place of 

the third isoscalar term in the scalar meson multiplet ts the resonance 

fr' S (1730). The experimental data flt gives 1n th1s .;asr the to! lowino valt•es 

12 

~ 

for the parameters: 

mN " 1.360 ± 0.020 ~ev 

rl\; " 1. ~58 ± 0.031 GeV 

mG- " 0.881 ± 0.031 GeV 

(14) 

Substituting these values of ideal-state masses into cq. (2) of 

~ef. (10] , we arriv~ at the following values for the annihilation parameters· 

,AN " 0 .301 ± 0.037 GeV 

1'.s "' O .640 ± 0.076 GeV 

Aq. = 0.508 ± 0.078 GeV 

The resulting values of x , ~ and ~ are listed in Table 2. 

3. 01scussfon of Results. 

(15) 

It turned out that nearly ideal mixing takes place in the scalar meson 

* llllltiplet. The resonance S (980) Is a nearly pure glueball with very small 

admixtu~e of \N) and IS> state~ and namely this latter circumstance 

accounts for all its paradoxical properties. 

The resonance e (1300) turns out to be a nearly pure IN> state with 

small admixture of strange quarks; therefore it has very large width ~nd 

decays mostly into ~rr . The resonance !:f
1

(1730) is a nearly pure SS 
state with small admixture of normal quarks; therefore ft is narrower than 

e. and decays into K K • 

The theoretical predictions resulting at such set of parameters are 

given in Table 1 together with existing experimental data. 

Let us consider experimentally observed consequences following from the 

hypothesis that S*(gao) is glueball. First, it w.111 have a relatively small 
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width rtot( S *) z 38 ± 11 Mei/, while fn usua 1 quark models fts width is 

~ 500 MeV, in the four-quark models - ~ 400 MeV, these have to be masked by 

means of various tricks (see, e.g. [9] ). Besides, the smallness of Sit--~r 

decay wfdth, whfch used to be a stumbling-stone for many models, is naturally 

explained. 

Some objections can be raised concerning a too small ratio .i\N /As 

"0.47 ± 0.08 obtained in our model, but here we r.an be supported by the 

results of the bag mode1 (in which glueballs, and 4q-states, and hybrids were 

predicted). In this model the eigenmodes of g1uons are classified as 
~+1 

transverse-electrical (TE) with P = (-1) , and transverse·-magnetfc 

(TM) with P " (-l)L . The TE-gluon in S -channel is connected with nor-

mal and strange quarks with a nearly equal strength, while the TM-gluons 1n 

S -channel are connected with the SS -quarks more strongly than with UU 

and dcl [12] • Ibidem it was claimed that glueballs consisting of the TM­

gluons must decay mostly into states rich in S -quarks. 

In our scheme JtN/ J'\ 5 z 0.5, whence one can conlude that the state IG> 

in the scalar sector consists mainly of the TM-gluons which are just respon­

sible for the greater values of the annihilation parameter As and constant 

* -~S11 1<K that ensure the required decay width BR(S -KK) • 0.21±0.09. 
'II - lt 

For the ratio of S ·- KK and S - 9t5r decay constants we obtain 

2 I 2 ~S11KK 9s*3I.fL' ~ 6.4 ± 2.0 (lli.1) 

and f ~r decays of 8 

~~oK+K-;~~o.fj'l = 0.63 ± 0,22 (16.2) 

The constant of 
It 

S -- tJ.'l decay also turns out suffkfently large: 

a2 I 2 d5it'l.'t 9.s"JUt' = 0.87 ± 0.15 
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~· 

1, 

The ratios (16.1) and (16.2) are in good agreement with the results of the 

four-quark mode 1 (I: : 

2 I 2 ~s'"KK 9s*'mr " 5 + 13 , 

2 I .. ~06 KtK- ~6°.lr'l "' 3/ 4 . 

Thus the assumption that 5*(975) is a glueball explains well all pecu­

liarities of this particle decays, which hitherto were explained within the 

four-quark models. In addition, this assumption is confirmed well by results 
2 

of Refs. [12] , where for the scalar (TE) -glueball there was obtained a 

mass value 650 MeV, while for the (TM) 2-glueba11 1130 ~eV. The mass 

s*(975) is between them and there must exist strong mixing between the 

2 2 ~ (TE) and (TM) states in S . Therefore the suppression of 5f5r -channel 

Sjf 2 
for is not so strong as ft could have been in case of a pure (TM) -state. 

Our scheme predicts some enlargement in widths of fi and s* -reso­

nances, which is due to K K -channel. A real width of o wil 1 be rt01s) ~ 
~ 78 ± 19 MeV and rt0

\ Si<):i:<38 ± 11 MeV instead of the values [SJ 

54 ± 7 and 33 ± 6 MeV, respectively. 

The only seeming contradiction in this picture is strong experimental 

upper restriction on the width of Jl.fl~S'lf/) radiative· decay. Indeed, a 

rather strong restriction, BR ( J/1.f! --s*(975)o) BR (6 11'(975) ~~31)< 

< 7·10·5 (90% C.L.) , was obtained by MARK III group [13] • If taking the 

value of BR (S'll'-+-:rr31") from Table 1, then BR (J/IV- 511' a)< 

< 7.8 • 10-5 or rU/4'-S1f5) < s GeV, which should be compared with 

r(J/1¥-'l,10) • 263 ± 46 eV. 

Consider this question at greater length: examine the ratio 

R= r(J/i.p ...... s"ll') 
r(J/1¥-11'0) 
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ln our scheme we have 

2. 

R = ~'l'l!'S 
~~lfP (~\~ {_ .;\~ j2 ( G (s*))

2 

p'l, J \.i\~ J Cr(r1,') ' 

where G(.R) 1s determined in Eq.(10), indices S and P denote a scalar 
2. 

and pseudoscalar sectors, respectively. ~'f'(!'S(P) are norma11zatfon con-

stants of J/t..ji- l(S(P) decay which are the same for each of multiplets 
'l S(P) -S and P • ol\c are constants of CC ··quark annihilation to a oafr 

M gluons being in scalar or pseudoscalar state. In our model with addition 

of CC states we have 

2 2 2 2 2 2 2 2 

( 
.,,s )2. - (ms .. - 111cs)(mc- mcs)(ms .. -mcs)(mx.-mcs) - 91 (m2 - m2 ) 
J\ c - a 2 2 2 '2 2 "" O. Xo cs 

(rnNs-mesHmss - mes) ( mGs - mes) 
(17) 

2 .. 2 2 ( z 2 )( 2 2) 
Pa (m'l.-mcp)(m'l1-mcp)m 1-rnep 111'7.c-mcp 2 2 

(.i\c) = 2 2 a .,_ ( 2 2 ) :t:0,87(m'l•-mcp) 
( mNp- m ep)(msp- mep) ma.p- ffiep 

where ffics and mcp are masses of ideal cc states in S and P sectors. 

From Refs. (10] and Eqs. (14) and (15) we have 

l1ence 

( G cs*»/ G \tt'))a ~ o. 2. 

2 

R::::: o ,, 9 ... ~s '"-- .. -· 
~ 'l'lf p 

2 'l. 
m:ito - mes 
---.. ---.. -

m'le - fficp 

It fs well known that X0 (3415) and rtc.(2980) are practically pure 

cc states; therefore A.:~ 10-2 {see, e.g. [14] ). On the other hand, we 

«now that r(ric--hctdr-)> r(X 0 -he1cl,...). i.e. ;\~ > ~~ . 

Hence the quantity R can take any values, including ver:• small ones, 

1ersus relative amounts of admixtures c0!111ng from IN> , IS> and I G > 
states in /( 0 (3415) and ~c{2980) charmonia. In particular, the existing 
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r 

experimental restriction brings to the condition 

2 2 2 2 i 2 
9'1'1l'S (mx

0 
-mes)< O. 125~'\'~P (m'l.c- mcp) 1 

i.e. the scalar charmon1um 'X. 0 (3415) is required to be a more pure CC -

state taking into account that mixing in pseudoscalar sector is much 

stronger than in scalar one, and that mass of 'le is by 400 MeV less than. 

that of Xo 

Besides, in Ref. (15] , within the QCD sum rules it was obtained that 

r(J/'l-'-6ll') BR(6'-.n:rr),,,,25 eV for scalar glueball 6" with 750 MeV 

mass. Evidently, the accounting of mixing must reduce essentially this re­

sult (since the portion of gluons in 6 decreases). If we assume the mixing 

parameters the same as in Table 1, this will result in reduction of the 

decay width by a factor.of 2.5; if, in addition. we recount thP phase space 

for transition to the 975 MeV mass, then we'll come to r(:r/tV-61!') "'"° 8,8 ~v. 

which already is not too far from experimental restriction. 

That is, the hypothesis that 5*(975) fs a glueball does not necessarily 

guarantee the large decay width r( J/'¥ - s*n . 
Consider the other experimental consequences of the scheme suggested. 

For the resonance e (1300} the theory predicts the lower boundary flf 

the total width rt(l) ?:- 324 ± 7g MeV obtained from the sum of widths over 
- I 

decay channels e-rt!ii , KK , '1'1 and '1'1 . _In our model e turned 

out to be a nearly pure IN> state with a small admixture of strange quarks. 

The main decay channel is r(e _,.~3t') = 290 ± 70 MeV. Theory has success-

fully predicted a recently measured [16] ratio BR(e-ri,~) = 0.022±0,008. 

In (16] BR(e-'1'1)~0.025. 
-II' The resonance S · (1730) has been inscribed into our scheme very success· 

fully. It turned out to be a nearly pure SS state with small admixture of 
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normal quarks and gluons. Namely because its mass is 1730 MeV, it turned out 

that m5• 1.56 MeV, this, after being substituted to the Gell-Mann-Okubo 

Fonnula (12), giving a correct value of the strange partner mass: 

m~ = 1303 ± 48 MeV, 

, 
which agrees well with experimental value m~-1350 MeV. The main decay 

. I '!;I -) channel of 5>t is r(S -t<K = 212 ± 51 MeV, but besides that, there 

must be well observed decays r(S*'-:ir5r) "'30.6 ± 8.8 MeV, f(S*-.'1'1)" 

• 45 ± 11 MeV ancl r(s;lf.'.-riri') = 10.4 ± 2.6 MeV. The total width of s* 1 

to be obtained from the sum over partial two-body widths will be r"tot(S*');::: 

~ 300 ± 74 MeV. 

For the ae -meson we obtain a very large decay width r ( €e -- Kfi) • 

"373 ± 6 MeV, which agrees well with results of other analyses [4,9,21] . 

In our scheme the 6 (980) meson consists of only normal quarks and is 

an analog of :TL -meson. In this assumption we obt1in 

r(5-- KK) .. 28 ± 7 MeV 

r ( 6 - t'f. 5r) • 55 ± 1 MeV 

bei•.J an good ai)reement with experimental data [8]. no- KK)"' 

""'35 ± 17 MeV and r(o- .. rt~) i:::. 50 ± 12 MeV. 

Consider the two-photon decays of scalar particles at greater length. 

As was shown in [17] , 1t is quite unclear how much the decay width r(o- ~If) 

is crucial for one to select between the q,.~ and 4CJ, -models. Theoretical 

predictions strongly differ from each other: some authors obtain a large 

~idth ff o=ciil (4.8 keV [18] ) and a small one if 0 = 41f 
(0.27 keV [ 4] ) or ff O is a K K molecule (0.6 keV [6] ) • Others, on 

the contrary, obtain a small width ff 0.:: 'Ji~ 7 r(6-0lf) < 0.4 keV (19]. 
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In Ref. [5] it was shown that all these calculations substantially depe11d on 

initial parameters of the models, so they nowise can serve as criteria for 

discrimination of the models. 

In addition, as was shown 1n [9] , the experimental situation fs pretty 

uncertain either. The experiment gives 

r(o-n) BR(5_-..t1ar) .. 0.19 ± 0.01~~:67 kev 

i.e. the value of r(Ei---H) substantially depends on rtot(o) . If the 

real width of 6 is apprecfab"ly larger than its talile value, z 54 MeV 

(as predicted in the 4q-mode1s [4,9, 21] ), then re 0 - I{ 0) w111 increase 

respectively, and the question of the nature of S' meson will again remain 

open. 

Unfortunately, staying with"in our scheme, one cannot uirectly calculate 

the decay width; instead, we coo1e to ratios of w·idtt.s given in Table 1. We 

have 

r(e-u)/r(o-H) = s.73 ± o.2s 

In Ref. [20] , with account of the Euler-Heisenberg type diagrams it was ob­

tained that the two-photon decay width of scalar quarkonia consisting of 

normal quarks ( €. (1300)-meson in our scheme) is 

r(e-~·<l')" 0.96 ( 
1 
~3.,8- )3 keV 

Substituting the mass Ille we obtain 

r(e- '51j') <'l:> 2.11 keV, 

1ence 

r(o-n-) = o.37 ± o.oz. kev. 
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Using the ratios 

r(s:11--H)/ r( s- n) .. 0.11 ± o.os, 

ns""'--olf)/r(5-n) = 4.9 ± 0.3 

we arrive at the following values for the widths of two-photon decays of s* , 
and s*': 

rcs*--ino • o.o4 ± 0.02 kev, 

· r(s*!-n-) .. 1.82 ± o.1s kev. 

tot "') In the scheme under consideration r ( u ~ 78 ± 19 MeV; hence 

r(6-¥1f) ~0.29 ± 0.10 keV, this agreeing sufficiently well with the theo­

retical prediction. As to 5'lf . ..._olf decay, there exists only the restriction 

r(s"'-lllf) B"n~*.-3T'Jr) < 0.8 keV, which agrees well with our predic-
' " C"D 'If ~ 

ti on. The account df u - 5 mixing must even more reduce r ( o --1( ?f) 
and somewhat increase r(s*-0'6) and r(s'*'--rll) [ 6,21] • The results for 

the widths r (5 - ;n() • where 5 = e,s, s*, 5ttf • are s001ewh11t speculat­

ive, and apparently should not be regarded as too serious ones (the same 

concerns the widths obtained 1n[4,6,18,19]:. However they can at least indi­

cate that it 1s possible to construct an independent scheme which contains 

both 6' -meson built up of two quarks and S* built up of gluons. The expe­

rimental data available do not at least indicate erroneousness of this 

assumption. 

The values of X 1 ~ 1 r. and .At obtainer! from the analysis of experi-

ment can be used to predict widths of J/'iJ -- 5V decays. The additional 

parameters R • eN and ~ required were determined in Ref. lfl • The re­

sults are listed in Table 1. 

Hitherto we presented only the arguments that favour a cilueball nature of 
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S* ar.C: a two-quark nature of other sea lar resonances. llowever the analysis 

of formulae (2)-(11) shows. that these ratios of decay widths would have the 

sarue fom also in the case if the state f G> would be a 4q- or hybrid state. 

Then the parar,1eters At would be constants of transitions from 2a- to 4q­

states. Unfortunately, the present exoerfmental situation in the scalar sec­

tor, contrary to the pseudoscalar and tensor sectors, does not allow one to 

oiscriminate precisely between glueball, 4q-resonance and hybrirl. The only 

thing that can be undoubtedly claimed is that thP hypothesis that I G> is 

a glueball contradicts none of existing experiments. 

lf we admit that I~> is a four-quark state, then our a!1alysis will be 

an analog of Tornqvfst's analysis [9], 1.e. will reduce to the description of 

scalar mesons as ordinary qq-mesons with large admixture· of 4q-component 

without insertion of spec1al o+ - 4q nonet. This approach was subjected 

in [ 4 J to well-grounded critic1sm: it was shown that non-discrepant inser­

tion of 4q states necessitates the existence of two 4q-nonets (9,0+) and 

(9* ,O+), otherwise there would arise strong violation fn quark count rules, 

this leading to wrong predictions in other sectors. 

If I G> is hybrid strongl,Y mixed with ordinary quarks. this aoain f11Ust 

bring to the existence of two nonets of hybrid states with TE and TM-qluons 

[12] . 

On the other hand, experiment qfves no grounds to postu'late the simul­

taneous existence of two nonets of scalar mesons, so in both cases open is 

tlle question: where is a scalar qq-nonet and which fs a scalar glueball ? 

We do not claim .:hat we have managed to prove a qlueball nature of sit 
meson. but at least we have shown that this hypothesis contradicts none 

and has the same right for ex1stenc:e as other alternative hypotheses have 

(e.g. a 4q-mode1). 

!'he main advantage of the glueball hypothesis ls that ft rlnPc: 11ot. dP.mand 

a 

--------------'····~-·--· 



insertion of any additional assumptions or particles, it agrees with all 

available experimental data and gives lots of predictions which can be 

checked by future experiments. We can say that the glueball hypothesis is 

more economical against the others. 

Moreover, this assumption inserts in a natural way o+ mesons to the fa-

{ ~ - + ) mily of ordinary qq-mesons 0 , i •• 2 , etc. and agrees well with various 

nodels (QCD sum rules [15], bag model [12]) that predict scalar glueball 

nass ;f 1 GeV. 

In this approach scalar mesons form a multiplet with ideal mixing re­

sembling a tensor meson multiplet. Resonance S* is an analog of 13 -meson, 

e. - analog of f , s*'- analog of f 1 
• Besides, these multiplets in­

clude isovectors 5 and .Ri and strange particles re and 1<*1t , res­

pectively. Pseudoscalar mesons, as usual, keep aloof since there occurs· 

strong mixing between yt , 17. 1 and L mesons 1n them. 

In conclusion we'd like to express our gratitude to A.Ts.Amatuni and 

S.G.Matinyan for interest in the work, and also to S.V.Esafbegyan and A.Yu. 

Khodjamirian for fruit:u1 discussions. 
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Particle 

Mode 

6 (980) 

r 
( 

S""( 75) 

5f3r 

1<R 

e. (1300J 

5['5t 

KK 

Table 1 

Comparison of experimental data with theoretical predic-

tions for scalar meson decays. 

BR (o+ -.AB) r(O+ -.RB) MeV 

theor. -

I theor. exp. exp. 

ms• 983 ± 2 MeV; rei:~ ~54 ± 7 MeV; r;hot .::P 78 ± 19 MeV 

0.92 ± 0.25 0.66 ± 0.01 

I 
50 ± 12 

I 
55 ± l 

0.65 ± 0.32 0.342 ± 0.007 35 i 17 27.7 ± 6.6 
I -

s* exp .,,. .. ,.,, .,,_ " 1"1'1;;-, ' • t.h 
r------,---- -·-·--·--

O·.ao: o.32 l 2s.~ ± '·.8 I 30.3 t ::·~ 0.78 ± 0.03 

0.22 ± 0.03 0.21-0.09 I 7.ci±l.7 7.9±1.c 
I --'-----·--'-----¥----· 

mE. 1300 - 145G MeV; r::~ ?- 150 ·· !IQ(j MeV; r;;t >r· 324 ": ;q Me~ 

0.9 
--i--·-· -----r ---·--· -------

o . 89 ± o. J 1 208 ± 48 I 290 ± 7n 
' 

0.1 0.076 ± 0.028 23 .. 5 I 25 ± I 

rt'l l1 o.02s 0.022 ± 0.008 at l I 1.2 ± l.!'i 

ri ti' ? I 0.0084 ± 0.0030 ? l 2.7 ± C7 

--·--- ~--·----- ---·-----
'JI(( I r:tot , +156 tot 5 1730} mst'i' 1730 ± 22 MeV; exp ~ ZO!' _g MeV; rth ,? 299 ± 74 MeV 

~ 5'i 

Kl'\ 

1Fl 
ti.ti.' 

seen I 
? 

I ? 

0.10 ± 0.04 I ? I 30.6 ± 8.8 

0.71 ± 0.25 I seen 212 ± 51 

0.15 ± 0.05 ? 45 ± 11 

0.035 ± 0.01~ ? 10.4 ± 2.6 

(to be continued) 
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Table 1 (continuation) 

Widths 

-
re J/'4'- £ '6)/r(J/Uf-t~)"'o .140±0 .o73 r(stt-HJ/r(6-~'d) =0.11±0.05 

r(Jj"¥-s''~)/r(J/'1'-5*'K) =0.69 ±0.25 ne.-n)/r(o-H) =5.7 ± o.3 
' nsjf~n)/rto-H) =4.9 ± o.3 

-
Exoeriment Theorv 

BR(J/'fl-s>5) BR ( s -- rpr) 4.4 90% C.L. 5.0 ± 1.1 

BR (J/'f-cuS*) BR (s*-mr) 0.095 ± 0.01 ± 0.022 0.124 ± 0.058 

BR(J/'4'-\f'S*) BR(s;l("-M.fl') 0.25 ± 0.074 0.19 ± 0.09 

BR(J/'f-<.L>E.) 2 .74±0 .58 BR(J/lf -re°K 0 +c. c.) 3.2±0.7 

BR (J/4'-+ <;re) 0.088±0.020 BR ( J'/ '+' _. r;0 s-*) 0.024±0.006 

BR (J/lf-(J)S*) 0.053±0.024 BR (JN -f0 E.) 0.27±0.07 

BR(J/'f-':l'S*'J 0.46±0.11 BR(J/'f ...... f 0 S*') 0.020±0.005 

BR(J/'f-<£+K*:+c.c.) 4.7±1.0 BR(J/lj} -006°) 0.34±0.09 

Table 2 

Weights of x, y and z for scalar mesons. 

-
s* (975l €. (1300) s*' (1no) 

x 0.159 ± 0.050 0 .. 938 ± 0 .013 -0.307 ± 0.019 

y 0.145 ± 0.019 -0.330 ± 0.027 -0.933 ± 0.011 

z -0.9766 ± 0.0082 0.104 ± 0.045 -0.189 ± 0.025 
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