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1. I..roduction.

The nature of scalar mesons 1s one of most obscure and poorly studied
aspects in the 1light 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 1ight scalar resonances within the simple quark-
antiquark scheme encounters great difficulties [2,3] , this encouraging one
to consider these resonances as bound states of more compound four-quark
systems cf qa [2.4,6] . However this approach again faces great problems,
For example, in [2] the strange 0" meson must be lighter than the 1sovector
one, The naive method of the scalar meson mass determination, based on the
Q'q., model, also, leads to discrepancies in the mass spectra [3] . Besides,
in the recent years, various glueball models were suggested to explain the

0¥ meson nature (see, e.g. [7]).

Consider the present-day experimental situation with OH mesons [8] .
~6=0a,(980) ( Mg=983 +2Mev, I=54z27mev, T¢(TP%) =17 (0*))

is isotriplet. This particle decays mainly into KE and rl-’lT . Though the

§ -meson mass is below the threshold of KK decay, the latter occurs




due to the existence of finite width in & . The existence of KK -channel

nearly in the centre of the & peak must bring, owing o the "cusp-effect",

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

tained from the q_J'T channel. Besides, this results 1n strong distortion
of the shape of the Breit-Wiggner peak. Recently there appeared data on the
decay width:  ['(&°=yy)BR(5-~n%)= 0.19  0.07 0.1 keV and on photo-
production: G (¥p+5Ex —~ T Ex) = 400 £ 100 nb.

#* s
-8%= £(975) { Mg= 975 %4 MeV, [ =3326Mev, LT 0" (™).

dacays mainly to @ (78+3)% and KK {22#3)%, This resonance 1s determined
from the interference effects of S and P -wave -7 states and the
direct production in the ﬂ'[_p—'- fJXN  process. In add'ition, this particle
was detected in .T/W—* ?S* and J/\P — 8" decays. There exist also
experimental restrictions on the width T(S*—"KX) < 0.8 keV. Here
again the crucial role must be played by the "cusp-effect" on the EK -

channel threshold.
= €= f,(1300) (Mg~1300-1500 MeV, [~ 160-400 MeV, I®T™)= 0" (0™

decays mainly into 4% (90 %) and KK (10 %). Ref. [7] cites 174 pub-
lications about observation of this particle; nevertheluss its mass and

width are known with very large errors. Precise determination of wass and width
of this very wide resonance in (f1~% ) S -wave i5 highly complicated:

it is difficult to discriminate between the S -wave contribution and the
interference with the ) -wave -f and f’ mesons; mry other wide states
are present in the S-wave; finally, the "cusp-effeci" from =T KK
and 0N thresholds distorts violently the shape of the Breit-Wiggner peak.

These three resonances are regarded as established r2latively reliably.

A total 1ist of all available data on well-established scalar mesons 5,
5* and & is given in Table 1.

- = K& (1350) (M~ 1350 MeV, [ ~ 250 Hev, 16(TP) = 172 (0*))

is the only known scalar strange resonance; {t decays mostly into K
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
by the "cusp-effect" from the Kq}' threshold.

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

theoretical and experimental speculations begins.
~G = £ (1590) (Mg = 1587416 MeV, [ = 207450 MeV, 1&@%)= 0" (0™,

It was observed by one experimental group only. It decays mostly into 7]
and f]_"l' . Possesses very strange properties. This resonance will be con-

sidered at greater length in Section 3.
c
-g,* f,01260) (g = 1240822 He, [ = 140:22 Mev, LE(ITFC) = 0*(0*H)),

was observed by only one experimental group in decays into Kg R_; s be-
sides, it is known that BR (g,=aT) BR(gs™ KK) =< (0.09)% .
Experimental status of this resonance is highly doubtful.

+156
-§*'(1730) = §,(1730) (M= 173022 MeV, [= 200 - M, IETPC).
=o' (0++)). It was observed by two experimental groups in decays into K; R;
Its mass 1s determined sufficiently precisely, but its width varies from
50 to 300 MeV in different experiments. Besides, there exists £ = X(2220)-
meson with mS = 2220+20 MeV and [ = 40£30 MeV, whose spin 1s not pre-
cisely established but is known to be even.

The existence of such large number of resonances strongly complicates



the construction of scalar meson multiplet. Various theoretical analyses of
the S wave T and KK states bring to extraction of various new

0t states not coinciding to each other, displace the old well-known reso-
nances. A1l these lead to nearly complete uncertainty of experimental status
of 0% -mesors.

The isovector ©§ (980) as well as its isoscalar partner  S(980) are
known pretty long ago. Their simplest interpretation within the naive quark
model {s that the 5(980) is considered as an analog of P - while the

S*(QSO) - as an analog of (O -mesons. But in this approach there immedi-
ately arise great difficulties, the most serious of them being, apparently,
a too large decay width I'(S™—=J15T) = 400 MeV as against the experi-
mental value =225 MeV. Besides, 1t 1s unclear why the strange scalar meson
2 (1350) s by 370 MeV heavier than & . Experimentally, both S* and &
seem to be connected with the strange particles more closely than with non-
strange ones, contrary to the ordinary 9-03 pair. Their relative rate of
decay into KK is too high, though it is strongly suppressed by phase
space. A1l these peculiarities make the interpretations of scalar states as
usual quark-antiquark mesons doubtful.

The interpretation of scalar mesons as qv€ states mixed with the four-
quark ones was proposed in Ref.[9] , but the results of this work were cri-
ticized 1n Ref. (4],

In our work we suggest ano.ier, seemingly more natural explanation for
unusual properties of scalar mesons. We assume that for 0% mesons there
takes place a usual quark-gluon mixing that plays an essentfal part in 0~
and 2* mescns [10] .

. The mixing scheme considered is as follows: § (980) 1s taken as iso-
vector state, & {1350) - as strange state. Two lowest singlet states are

well determined - those are S*(QBO) and € (1300). The place of the third

I N

singlet state 1s vacant, it can be pretended on by the following resonances:
95(1240), G (1592), S*I(1730) and 5(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 compars them with expe-

rimental data.
2. Mixing Model,

Here just 1ike in Refs. [10] we shall deal with an fdeal basis containing
vectors of states of normal |N > = ‘Jifz-‘ jud + dd > and strange
|8 >= [S5 > quarkonia and gluonfum |G > = lgg 7 . The physical states
]W > are their 1inear combination:

I¥>=XgIN>+yyls> + 2¢1G>, (1)

where X:,-i-[j:, + Z%; =_1 and ¥ =5% |, E and one of the particles
e G . 8™, 5 - 4 _

The reason of quark-gluon mixing in QCD 1s annihilation of cH, ~system
into gluons, 1.e. the annihilation terms 3,-_ ( 1=N,S and G ) correspond-
ing to annihilation of duark-antiquark pair into two gluons must be added to
the quadratic mass matrix of isoscalar mesons. We assume that the mixing pa~
rameters J\,i are’ er;ergy-independc?nt. 1.e. we accept the orthogonal mixing
nodel. The weights X , U and 2 of ideal states IN>, 1S> and |G> in
physical states {4 > are functions of 1ideal- and physical-state masses
and annihilation parameters. The physical states must satisfy the eigenvalue
equations, owing to which we arrive at three equations that express the

annihilation parameters through masses of {ideal and physical states. As a



result, only three free parameters remain in the model: m,, Mg and Mg
~ the {deal state masses.
A1l 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 determine parameters m; with sufficient
accuracy.

The formulae used in calculations were as follows:

T(s~yy) _ 25 ( Ms)? RFAPL

rE~ 9 (ms) (s +-55s) (2)
m_i _E%__ ms 2 2

I'(S—ﬁqﬂ)_ x,,f Ps ms) Sw (3)
r(s=KkK)_ 1 Ps m_ “
F(=nm) x¢ Ps m (sur VT se)

I"(S-rm)“J_ i _lTl_s 2 2
F(§—=nm) xa Ps ( s X SN+J-_HQSS+J_AGdSZ,lZ] (5)
=) _ 1 P5 5 2

F(S—,rl:n)_ ;:zl_ B ( ) n rlISN*'J_H]lHqISs*J—AGd,SZ Z,llz%(ﬁ)
r(5‘>KR)={ PKK> émzs '_1_— 7)
r(6—nm) \m§/Pox X&'’ (

where Xn(R') , Yn(n') and Znq(q/) are weights of N>, IS>
and |G > states in n(n') mesons, calculated 1n Refs, [10]. Here we used
the following notations:

Su= Xg+t 2 AXsZs)

(8)
Ss= Yg*t AghsZg, (S=576, )

Decays of § and 5% intc KK and € finto rl'l.[ can take place
owing only to finite width of these resonances. The phase space of such de-

cays was salculated by the approximate formula

(—P—)'—‘ Lo r‘ﬁmi_(m1+m;)2)(mi‘(""1"“2.)2) dmy

™) T em F(mx-M)?+ Moy /4]

m|+mz

Ratios of decays of J'/\P-’-'S ¥  type were calculated by formula [10]

r{J/y —s¥) =(P5 \3(G(S)) (9)

F(I/Y —s%%) \P*/ | G(sY)

where

G(5)=J_2-Anxs+'7‘sﬂs+]\szs; (5=5*,5-~-) (10)

Besides, there were considered decays of J’/'-P—’ SV type by for-
muiae [10]

r(J/kP—’SC'JFg\avusPsw[SNU +ey)r V2 §G(5)]2;

(11)
F(T/9—59) =G24 Pog [R(Ss * §G(e) ~2uenSs]

where the parameters R , & and €n 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 form; they are proportional tod; % .
The coefficient olg before these terms has a dimension of Gev™L. The com-

parison with experiment shows that dg =1 Gev'l, but the results are

better at o = m.i_i(i= §¥ €...) . For certainty we shall further
fix j=my’
In formulae (5) and (6) the terms ~\7\G Zq Zq‘ z correspond to

9




the triangular gluon diagrams derived by Gerstein et al. in [11] .

When determining the model parameters My , [Tlgand Mg the experimental
data on decays into Tl and KK were used, while those on decays into
two photons were not .

As a third isosinglet state four particles 95(1240), G (1590),

§%(1730) and ¥ (2220) were considered.

It turned out that for particles 35(1240) and g(ZZZO) there does
nct exist a satisfactory solution (at experimental data available). A more
careful analysis of experimental situation shows that the resonance 35(1240)
was observed by only one experimental group and was extracted Trom the § -
wave Kg _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 ‘3(2220) meson, its spin apparently is 7 or 4t
and it is not a scalar particle.

There are two particles left: {3 (1590) and 5*1(1730)- For each of these
resonances there exist two different solutiuns. One of them corresponds ton
that S*(BBO) 1s an almost pure |S > state, while the other brings to a
pure glueball |G > state for this particla, A1l available experimental
data on decays of S* , £ and § agree with theoretical predictions
equally 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 ms of state %S :
me = 4md - md (12)
g~ TMy 5

2
In the first version it turns out from fitting that M, = 0.6 Gevz,

this leading to a wass of the scalar multiplet strange partner M= 870 MeV,

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

10

sider a version when S*(QBO) is a nearly pure S5 state. A similar ver-
sfon was obtained in Ref. [7] and the same problems arose there.

There is left the second version of solution when S*(980) 1s a nearly
pure glueball. In this case Mg =~ 1.56 GeV, this bringing to the strange
partner mass ma?a: 1300 MeV, which agrees very well with exnerimenta? mgsg
of the strange scalar meson g2 (1350).

To choose a proper version, a ratio

_B_I_R’_(_I/_‘f_:*_____‘fs*) = 2.76 £ 1,0
BR(I/¥ ~ws*) ‘
could have helped, but because of a too large error in experiment both ver-
sions agree with 1t sufficiently satisfactorily. The version with SS -quarks
gives =23.4 * 0.6, the one with glueball =1.5 * 0.5.
He are.left only to choose which of the two possible resonances, &G (1590)
or 3*1(1730), is the searched term of our multiplet.
¢ From [8] we know that the (3 (1590) possesses rather strange properties;
the experiment gives the following ratios for decay widths of this particle:
r(G—mam) M(G=KK) r(G—nn')

T < 0.45; ——————= < 0.6; L=
re—y - T %% FEmap e

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

properties:

r(G=am) M(G—~KK) r(G—~nn')

A = 0.69%0.08; ———————— = 4, WUy ——m——— =,
F(G" "["l) 4 FG qu) 4.8:0,02 G 'lrl) 0.17£0.01

which contradicts strongly the experiment. Hence, either G -meson 1s not
a term of the multiplet or the experimental data in [B] are wrong.

It was assumed [11] that the (3(1590) is a glueball just because it

11




decays preferably into nn and f[f[’ . 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 1s XG::HG:‘:«O and  ZEg =~ 1. From [1e]
it is known that Xqx *ngOJ, ZpZqr < -0.03 and Zfl < 0.006.
Because of smallness of Z"l and ZQ 2,1: , the terms correspbnd1ng to the
triangular gluon diagram (the mechanism of Ref. [t1] ) come to be very small;
as a result we obtain from forimulae (2)-(€) the following 'express1ons to

astimate constants of two-particle decays of possible glueball:

Jekk 1 As
T~ == () (13.1)
%enn 3 ( Jln>
a ] 2
~ xr‘i]\N"'HqJ\s"'Zq_.aG VLN

9ann /Jean % X+ Ao Xy % 0/5 (13.2)
. XQXQI.AN"' H"LH'{"AS + Z"L an'AQ_ <05 (13.3)

quq’/ﬂGKK = Aa® Ao <0,

One can see from (13.1) that the hypothetical glueball prefers decay-
ing both into T and KK ., depending on the ratio of annihilation para-
uweters, .7\5/-7\N , in a given multiplet. Contrary to the statement made
in Ref, [11] we obtain that the particle decays into nn  and 'l'l' cannot
be the grounds for the claim that the given particle is a g'luéba'l'l; moreover.
as is seen from (13.2) and (13.3), decays of glueballs into | and qq’
are suppressed as compared to decay into Klz

Hence, in the framework of the model suggested, with account of the
existing scanty experimental information, the only claimant upon the place of
the third isoscalar term in the scaiar meson multiplet is the resonance

[
S’f {1730). The experimental data fit gives in this case the tollowina values

12

for the parameters:

My = 1.360 + 0,020 JeV
m, = 1.558 + 0.031 GeV (14)
Mg = 0.881 = 0.031 GeV

Substituting these values of {ideal-state masses 1into &q. (2) of

ef. [10] , we arrive at the following values for the annihilation parameters-

Ay = 0.301 & 0.037 GeV
Ag = 0,640 ¢ 0.076 GeV (15)
Ng = 0.508 + 0.078 GeV

The resulting values of X , y and Z are listed in Table 2.

3. Discussion of Results.

It turned out that nearly ideal mixing takes place 1n the scalar meson
multiplet. The resonance S*(980) {s a nearly pure glueball with very small
admixture of IND> and |S> states and namely this latter circumstance
accounts for all its paradoxical properties.

The resonance € (1300) turns out to be a nearly pure | N> state with
small admixture of strange quarks; therefore it has very large width and
decays mostly into T . The resonance ‘5’"(1730) 1s a nearly pure S35
state with small admixture of normal quarks; therefore it is narrower than

& and decays into KR .

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*(QBO) is glueball. First, 1t will have a relatively small

13




width r*”‘(s*) ac 38 % 11 MeV, while in usual gquark models its width is

A= 500 MeV, 1n the four-quark models - 2400 MeV, these have to be masked by

means of varfous tricks (see, e.g. [9]). Besides, the smallness of 5™ -~ ¥y
decay width, which used to be a stumbling-stone for many models, {s naturally
explained.

Some objections can be raised concerning a too small ratio .7\N /.7\5 =
= 0,47 + 0.08 obtained in our model, but here we can be supported by the
results of the bag model (in which glueballs, and 4q-states, and hybrids were
predicted). In this model the eigenmodes of gluons are classified as
transverse~electrical (TE) with P = (-l)m1 , and transverse-maanetic
(TM) with P = (-l)l‘ . The TE-gluon in § -channel 1s connected with nor-
mal and strange quarks with a nearly equal strength, while the ™M-gluons in
S -channel are connected with the S3 ~quarks more strongly than with ull
and ddl [12] . Ibidem it was claimed that glueballs consisting of the TM-
gluons must decay mostly into states rich in S -quarks.

In our scheme .?(N/J\s x~ 0.5, whence one can conlude that the state |G>
in the scalar sector consists mainly of the TM-gluons which are just respon-
sible for the greater values of the annihilation parameter J\s and constant
9s* K that ensure the required decay width BR(S"— KE) = 1,21+0.09,

For the ratio of S5+ KK and YN £ s decay constants we obtain

2 2 ) .
Ss*xx/ﬁs*mr = 6.4 £ 2.0 (16.1)
and for decays of O
2 F] -
Qaorcre/ Jeoqy = 063 % 0.2 (16.2)

The constant of 5*—> nn decay also turns out sufficiently large:

2 2
Qsrqn / Gsmag = 0.87 £ 0.15
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The ratios (16.1) and (16.2) are in good agreement with the results of the

four-quark model [/ :

SZ*KK/Q;’M =5+ 13

3;%’(/3;!{1 =34

Thus the assumption that S*(975) is a glueball explains well all pecu-
1arities of this particle decays, which hitherto were explained within the
four-quark models. In aadition, this assumption is confirmed well by results
of Refs, [12] , where for the scalar (TE)Z-g'Iueba'I'I there was obtained a
mass value 650 MeV, while for the (TH)2—91ueba'|1 1130 MeV. The mass

S*(975) is between them and there must exist strong mixing between the
(TE)2 and (TM)2 states in S% . Therefore the suppression of S0 -channel
for S* s not so strong as 1t could have been in case of a pure (TM)Z-state.

Our scheme predicts some enlargement in widths of & and 5* _reso-
nances, which 1s due to KK -channel. A real width of § will be l'wfs) x
x~ 78+ 19 MeV and [ t°Y(5*)238 + 11 MeV instead of the values [8]

64 + 7 and 33 £ 6 MeV, respectively.

The only seeming contradiction in this picture 15 strong experirﬁenta]
upper restriction on the width of IY —S*Y radiative decay. Indeed, a
rather strong restriction, BR(J/¥—=S*(975)¥) BR (8*(915)—~a@)<
< 7.107° (90% C.L.) , was obtained by MARK III group [13] . If taking the
value of BR(S"2T) from Table 1, then BR (I/9—=5s"y)<
<7.8 107 or M(I/¥-=5"5) < 5 eV, which should be compared with

F(T/9—=n'y) =263 46 ev.
Consider this question at greater length: examine the ratio
R=—~——————F(J/LP+S*X) < 0.021
C/Y—-n'y)
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In our scheme we have

R e Qers ( P5*>3 (Ai \2<G(s*)>2
T e \ P/ \AE/\e)/

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

and pseudoscalar sectors, respectively. g:xs(P) are normalization con-
stants of J'/*#—- KS(P) decay which are the same for each of multiplets
S and P . AE(P) are constants of CE -quark annthilation to a pair
of giuons being in scalar or pseudoscalar state. In our model with addition

of cc states we have

2 2 2 2 2 2 2 2
2 (Mgx—MegH(Me-Meg) (Mg = Meg)(Mxp~ Meg)

A 0,81 (my,~ Mcs)
( C) (m:s‘mzs)(mis"m:s)(més‘mtzzs)
(17)
:_ 2 2 2 2 e 2 2
gy - mp) (¢ -mEp) (M= M) :
(J\z)az( n~Mep) (Mo xO,B'I(mflc*mcp)

2 2 2 2
(mzNP-m%P)(mSP—mq)(mc,P-mcp)
where Mgg and Mep are masses of {deal cC states in S and P sectors.

From Refs. {10] and Eqs. (14) and (15) we have
(&Y en)~o2 ,

hence
2 2 2
gq’KS My, ~ Mes
2 . m?-
Jeyp My~ Mep

R= 0.2

It is well known that %,(3415) and rlc(2980) are practically pure
- 2 -
¢ C states; therefore ?\c <10 2 (see, e.q. [14] ). On the other hand, we
P s
<now that r(’lc""’hqdr')> F(?(.o""hudr)s i.e. ‘)‘c > A
Hence the quantity R can take any vaiues,including very small ones,
tersus relative amounts of admixtures coming from [ND> , 1S > and |GD>

states in X,(3415) and  1,(2980) charmonia. In particular, the existing
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experimental restriction brings to the condition
2 ? 2 2 2 2
G ys (Mo~ Mes) < 0:188G 0 (M~ Mep)

i.e. the scalar charmonium X ,{(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 1], is by 400 MeV less than
that of Xo

Besides, in Ref. [15] , within the QCD sum rules it was obtained that
F(T/P—=6%)BR(6— A7) ~ 25 eV for scalar gluebail © with 750 MeV
mass. Evidently, the accounting of mixing must reduce essentially this re-
sult (since the portion of gluons in © 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 the phase space
for transition to the 975 MeV mass, then we'll come to T(T/W—~&Y¥) 8.8 eV,
which already 1is not too far fromn experimental restriction.

That 1s, the hypothesis that S*(975) is a glueball does not necessarily
guarantee the large decay width [ (JI/¥ —= 8%y) .

Consider the other experimental consequences of the scheme suggested.

For the resonance € {1300} the theory predicts the lower boundary of
the total width rt‘(’%); 324 £ 79 MeV obtained from the sum of widths over
decay channels E—%T , KK » NN and "m_' . lIn our model € turned
out to be a nearly pure }N > state with a small admixture of strange quarks.
The wain decay channel is [ (€ =W M) = 290 + 70 MeV. Theory has success-
fully predicted a recently measured [16] ratio ~ BR(E--nn) = 0.022:0.008.
In{16] BR(E—nn)=0.025.

The resonance S*"(1730) has been inscribed into our scheme very success-

Tully. It turned out to be a nearly puie 55 state with small admixture of




normal quarks and gluons. Namely because its mass is 1730 MeV, 1t turned out
that M= 1,56 HeV, this, after being substituted to the Gell-Mann-Okubo

Formula (12), giving a correct value of the strange partner mass:
Mg = 1303 + 48 MeV,

which agrees well with exper1n;enta1 value m8~1350 MeV. The main decay
channel of S*' {s T (s"~KK) = 212 £ 51 MeV, but besides that, there
musf be well observed decays [ (S*'—~%@) = 30.6 + 8.8 MeV, r(s"> nn) =
=45 £ 11 MeV and [(8*~nn’) = 10.4 2.6 MeV. The total width of 8*/
to be obtained from the sum over partial two-body widths will be f'ht(S*')z
2 300 £ 74 MeV,
For the 28 -meson we obtain a very large decay width [ (@&~ KIT) =
= 373 + 6 MeV, which agrees well with results of other analyses [4,9,21] .
In our scheme the 6 (980) meson consist; of only normal quarks and is

an analog of S -meson. In this assumption we obtain
F(6—KK) =287 Mev
F(E—=n@) =554 1Mev

beir, n good agreement with experimental data {s], F(6~— KK) =
/35 1 17 MeV and  [(&-=nT) = 50 2 12 MeV,

Consider the two-photon decays of scalar particles at greater length.
As was shown in [17], it is quite unclear how much the decay width [(8—¥¥)
is crucial for one to select between the cﬁ, and 40, -models, Theoretical
predictions strongly differ from each other: some authors obtain a large
ddth 1f  §=qF (4.8 kev [18]) and a small one 1f &=4g
(0.27 ke¥ [ 4]) or if & s a KK molecule (0.6 kev [6]). Others, on
the contrary, obtain a small width if 8-‘-‘1}@, F(S——n') < 0.4 keV [19] .
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In Ref. [5] 1t was shown that a1l these calculations substantially depend on
initial parameters of the models, so they nowise can serve as criteria for

discrimination of the models.

In addition, as was shown in [9] , the experimental situation 1s pretty

uncertain either. The experiment gives

—— — = +0.1
ree ”)BR(S' NA) = 0.19 £ 0.0775" keV

i.e. the value of T(6~yY) substantially deperds on T P°t(g) . If tre
real width of § s appreciabiy larger than {ts table value, == 54 MeV
(as predicted in the 4g-models [4,9,21] ), then F(&—yy¥) will increase

respectively, and the question of the nature of & meson will again remain
open.
Unfortunately, staying within our scheme, one cannot directly calculate

the decay width; instead, we come to ratios of widths given in Table 1. We

have
F(e—=x¥)/r(6—%¥) =5.73+0.28

In Ref, [20] , with account of the Euler-Helsenbera type diagrams it was ob-
tained that the two-photon decay width of scalar cuarkenia consisting of

normal quarks { € (1300)-meson in our scheme) 1s

FE=%y) « Me 3
(e~ 0.96(_————«”38) keV

Substituting the mass M, we ubtain

Fe—=yy) =~ 2.11 kev,

ience

F(6=¥Y¥) = 0.37 + 0.02 kev.,
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Using the ratios
F(s*~xy)/T(E—>¥¥) = 0.11%0.05,
F(s*—~yy)/T(6~¥y) =4.9%03

we arrive at the following values for the widths of two-photon decays of s*

and S™':
r(s*+-¥¥) =0.04 £ 0.02 kev,
[(S*-§Y) = 1.82 £ 0.15 keV.

In the scheme under consideration Ft°t(5) 2 78 + 19 MeV; hence

F(6-=Yy¥)=0.29 £ 0.10 keV, this agreeing sufficiently well with the theo-
retical prediction. As to 5*"*’85 decay, there exists only the restriction

F(s"*—y¥) BR{S*~aT) < 0.8 keV, which agrees well with our predic-
tion. The account ‘36’1" §°~5* mixing must even more reduce I'(S——xx)
and somewhat increase F(S"-’j’x) and [(S*'—=y¥) (6,21] . The results for
the widths [ (S —=>)Y¥) . where S= €,5, 5*, 5*! | are somewhat speculat-
ive, and apparently should not be regarded as too serious ones (the same
concerns the widths obtained in[4,6,18,19]. . Hosever they can at least indi-
cate that it is possible to construct an independent scheme which contains
both & -meson built up of two quarks and s* built up of gluons. The expe-
rimental data availabie do not at least indicate erronecusness of this
assumption.

The values of X, Y, z and -'M obtained from the analysis of experi-
ment can be used to predict widths of J/‘P - SV decays. The additional
parameters R, €y and g required were determined in Ref. 10 . The re-
sults are listed in Table 1.

Hitherto we presented only the arguments that favour a glueball nature of
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s* and a two-quark nature of other scalar resonances. However the analysis
of formulae (2)-(11) shows that these ratios of decay widths would have the
same forn also in the case if the state |G> would be a 4g- or hybrid state.
Then the parameters -7\; would be constants of transitions from 2a- to 49~
states. Unfortunately, the present experimental situation in the scalar sec-
tor, contrary to the pseudoscalar and tenscr sectors, does not allow one to
uiscriminate precisely between glueball, 4q-resonance and hybrid, The only
thing that can be undoubtedly claimed is that the hypothesis that {G> fis
@ glueball contradicts none of existing experiments.

1f we admit that |G > is a four-quark state, then our analysis will be
an analog of Torngvist's analysis [9] , i.e. will reduce to the description of
scalar mesons as ordinary gqq-mesons with large admixture of 4g-component
without insertion of special ot - 4q nonet. This approach was subjected
in [4] to well-grounded criticism: it was shown that non-discrepant inser-
tion of 4q states necessitates the existence of two 4q-nonets (9,0+) and
(9* ,0+), otherwise there would arise strong violation in quark count rules,
this leading to wrong predictions in other sectors.

If 1G> is hybrid strongly mixed with ordinary quarks, this acain must
bring to the existence of two nonets of hybrid states with TE and TM-gluons
[12].

On the other hand, experiment gives no grounds te postulate the simul-
taneous existence of two nonets of scalar mesons, so in both cases open is
the question: where 1s a scalar gg-nonet and which is a scalar glueball ?

We do not claim chat we have managed te prove 2 glueball nature of s*
meson, but at least we have shown that this hypothesis contradicts none
and has the same right for existence as other alternative hypotheses have
(e.g. a 4g-model}.

‘he main advantage of the glueball hypothesis is that it dnec not demand
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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 ot mesons to the fa-
mily of ordinary gq-mesons (OJ, 1;, 2+ , etc.) and agrees well with various
nodels {QCD sum rules [15] , bag model [12] ) that predict scalar glueball
mss £ 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 © -meson,

€ - analog of -F S*’- analog of -f’ . Besides, these multiplets in-
clude 1sovectors & and A, and strange particles &2 and K** s res~
pectively. Pseudoscalar mesons, as usual, keep aloof since there occurs’

strong mixing between q q' and L mesons in them,

In conclusion we'd 1ike to express our gratitude to A.Ts.Amatuni and
S.G.Matinyan for interest in the work, and also to S.V.Esaibegyan and A.Yu.

Khodjamirian for fruit ul discussions,

22

Table 1

Comparison of experimental data with theoretical predic-

tions for scalar meson decays.

+ +
Particle BR(O*—AB) rqo AB) MeV
exp. l theor. exp. theor.
Mode
§(se0) | Mg =983 2 eV [JAE 254+ 7Mevs TSP 278+ 19 ey
na 0.92 ¢ 0.25 0.66 % 0.01 50 % 12 55 £ 1
KK 0.65 + 0.32 0.342 0,007 35 4 17 27.7 % 6.6
S*(975) | Mgem 975 % 4 MeVs  [foc 2 33 % 6 MeV; 238 £ 11 HeV
r
nw 0.76 + 0.03 0.80 £ 0.32 | 25.7 + 4.8 30.3 : 3.4
KK 0.22 + 0,03 0.21 + 0.09 7.5 £ 1.7 7.9 % 7.5
£ (1300) | Mg 1300 - 1450 MeV; Igeh 3> 150 - 400 HeV; it 2228 + 79 Mey
it 0.9 0.89 £ 0.31 288 + 48 290 & 70
KK 0.1 0.076 + 0.028 | 23 +5 25+ 7
11 0.025 0.022 + 0,008 8+1 7.2 % 1.5
' ? 0.0084 + 0.0030 2.7 £ 6.7
6
$*'(1730) Mgy 1730 & 22 B 20{15 MeVs [Tt 2299 & 74 Mev
¥ ? 0.10 + 0,04 ? 30.6 + 8.8
KK seen 0.71 £ 0.25 seen 212 51
nn ? 0.15 + 0.05 ? 45 ¢ 11
rm ? £.035 £ 0,012 ? 10.4 £ 2.6
(to be continued)
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Table 1 {continuation)

Widths

F(3/¥—=e0) [ (7/9~E¥)=0.140:0.073
F(3/4~-5"%)/r(zf ¢ 5*¥) =0.69 20,25

r(s*~¥¥)/r(6-~¥¥) =0.11:0.05
FE—-¥¥)[r(6=-yy) =5.7 £ 0.2
r(s*-y%)[r (6-~¥Y) =4.9+ 0.3

Experiment Theory
BR(I/¥--95) BR (6~ n17) 4.4 90% C.L. 5.0 + 1.1
BR(J/$—~wS*)BR(S™~a1r) | 0.095 + 0.01 ¢ 0.022 0.124 + 0,058
BR(I/¥~+$s") BR(S™ 1) 0.25 + 0.074 0.19 + 0.09
BR(J/¥ = wE) 2.74:0.58 | BR(I/W—~&°K°+c.c) | 3.2:0.7
BR(J/¥—~ ¥€) 0.088+0,020 BR (J/y ~¢°s%) 0.024+0.006
BR(I/¥—~w5") | 0.053:0.024 | BR(I/¥ ~9°€) 0.2720.07

BR(I/¥~—~¥S*') | 0.4620.11
BR(I/¢Y—~2'K rc.e)  4.7:1.0

BR(I/y -~ ¢°S*') | 0.020+0.005
BR(I/Y ~w»6°) 0.340,09

Table 2

Weights of x, y and z for scalar mesons.

%t
5% (975) £ (1300) s*'(1730)
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

24

REFERENCES

. Rosner J.L. The classification and decays of resonant particles. - Phys,

Rep.C, 1974, v.11, N.4, p.190-326,

Morgan D. Is the o nonet respectable? - Phys.Lett.B, 1974, v.51, N.1,
p.71-78. Martin A.D., Ozmutlu E.N., Squires E.J. The WM and KK ampldi-
tudes. - Nucl.Phys.B, 1977, v.121, N.3, p.514-531. Estabrooks P. Where

and what are the scalar mesons? - Phys.Rev.D, 1979, v.19, n.9, p.2678-2686.

. Jaff R.L. iultiquark hadrons. 1. Phenomenology of 020'2 mesons. - Phys.

Rev.D, 1977, v.15, N.1, p.267-281. Multiquark hadrons. II. Methods. - Phys.
Rev.D, 1977, v.15, N.1, p.281-290. In: Proc. 1981 Intern. Symn. on Lepton

and Photon Interactions of High Energy, Bonn, 1981.

. dummmop A.T, COeXTpDOCKONMA JeTrKEX MesoHOB. YPH, 1982,t.137,

BHI.2, ¢.20I-237.

. Avacop H,H., JeBauuu C.A, ,llscrakor I'.H. IIpoGirema CrasApadX

.me3oHOB, Y®H, 1984, T.I42, BHm.3, ¢.361-395.

DMecraxos I'.H. dmamueckue HpolJeMH, CBASHHHHE C BK3OTHIECKH-
MA DE3OHAHCHHME COCTOAHWAME B CHOTEME JIEIRMX KBADKOB. ABTO-
pedepaT mEC.HA COHCK. y4YSH.CTeNeHH JOKTOpa $m3.-Mar.HAYK,
HosocuOupcr, 1965.

. Dadame E,Il, CrasdpHNe lHapTHepd MesoHoB (7 -momera. %,

1984, .40, Bum.I(7), ¢.262-270.

. Barnes T. Two-photon decays support the (KK)-molecule picture of the

S”(975) and 8(980). - Phys.Lett.B, 1985, v.165, 1.4,5,6, p.434-440.
Frark M., Isgur N., 0'Donnel P.J., Weinstein J. Scalar mesons and the
Jecays of the {ota: A paradox explained. - Phys.Rev.D, 1985, v.32, N.11,
p.2971-2979,

. Teshima E., Oneda S. Possible effect of glueball on 0" -meson nonet

spectrum. - Phys,Rev.D, 1986, v.33, N.7, p.1974-1979.
25




8. Partlcle Data Group. - Phys.Lett.B, 1986, v.170.

9. Torngvist N.A. Z.Phys.C, 1980, v.5, p.205. Scalar mesons in the unitariz-
ed quark model. - Phys.Rev.lLett, 1982, v.49, N.9, p.624-627.

10. Epemm II,C., HasapAn A.9. TpomecoH C PORNEHEAME ¥ DacuaiA-
ME, Comepzamge [ICEBROCKAJAPEREe TVIWORRE . fd,1986, T.43,
m.5, .I303-I312, -

11. Tepureftn C.C. ¥ HD- G(I590) - ME3OH I BOSMOKHHE XADAK-
TepHEHe NDESHAKK randona. [IpenpurT WPBI, 83-I148,CepayXxos,
1983.

12, Chanowitz M.S., Sharpe S.R. Hybrids: mixed states of quarks and g1u6ns. -
Nucl.Phys.B, 1983, v.222, N.2, p.211-244, Glueballs and meiktouns ﬁh1ch
decay “to multi-kaon final states. - Phys.lLett.B, 1983, v.132, N.4,5,6,
p.413-418,

13. Einsweiler K. Radiative decays of the Y(3097) to two meson final
states. - SLAC-Rep-272, May 1984.

MARK III Collab, Coffman D.M., Eigen G., Hauser J. et al. Radfative de-
cays of the J/¢ into YATAT and YKYK™ . - SLAC-PUB-3720, (T/E),
1986,

14. Fritzch H., Jackson J.0. Mixing of pseudoscalar mesons and M1 radiative
decays. - Phys.Lett.B, 1977, v.66, N.4, p.365-369. Scadron M.D. Quark-
based phenomenology of strong and electromagnetic particle mixing. - Phys.
Rev.D; 1984, v.29, N.9, p.2076-2087.

15. Novikov V.A., Shifman M.A., vanshtein A.I., Zakharov V.I. In search of
scalar‘gluonium. - Nuc1.Phys.B, 1980, v.165, N.1, p.67-79.

16. Axm [, BaHom &., EpmemaH K. ¥ xp. 06pa3oBaHEe G (I590) n
APYIEX Me3OHOB, PACIATAKUEXCA HA NB& f -Besoma, B fiTp -coy-
zapensax upu smeprmE 100 T'sB.fD,1986,7.44,Bum.1(7),c.I20-136.

26

17. Diekmann B. Spectroscopy of mesons containing 1ight quarks {u,d,s) or
gluons, - CERN-EP/86-112, 1986,

18. Barnes T, UTPT-86-05. To§onto univ. Prep., 1986.

19. Babcock J., Rosner J,L. Radiative transitions of low-lying positive-
parity mesons. - Phys.Rev.D, 1976, v.14, N.5, p.1286-1298,

20. E114s E., Lanik J. Comment on the scalar gluoriium decay into two pho-
tons. - Preprint CERN-TH. 4402/86, 1986.

21. Auacos H.H., Jleparme C.A.,Hecrarop I'.H, Cvemusanue CRAIID~

Eix $'- # § - pesoHAHCOER H CBASAHHHE C HEM ABJICHEA.
%, I98I, .33, mun.b5, ¢.I1337-1348.

The manuscript was recelved 5 August 1986

7




.C.EPEMAH, A.D.HASAPAH
KBAPK-TTIOOHROE CMEIMBAHVE B CKAJFPHHX ME3CHAX
(#a amramitckoM ASHKE, IEDEBOX 3.H.AcnanAn)

Pepaxrop J.II.Myraas
Texmmueckml pemaxrop A.C.ACpaman

flogmacado B medarh 29/XM-86r. BR-05731 dopmar 60x84/16
Odcernad nedaTs.yd.2am.a.I,5 Trpax 299 sks.ll. 22K.
3ax. To. B 692 Vumexe 3624

Ormevatano B EpepancroM fmamdeckoM HHCTHUTYTE
Epepan 36, MapxapaHa 2




