PHYSICAL REVIEW D, VOLUME 63, 094007

Analysis of the nature of the ¢— ymrn and ¢p— y=°#=° decays
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We study interference patterns in tie— (yao+ 7°p)— ymrn and ¢p— (yfo+ 7°p)— ymOx° reactions.

Taking into account the interference, we fit the experimental data and show that the background reaction does
not distort ther®% spectrum in the decay— yr 5 everywhere over the energy region and does not distort the
w070 spectrum in the decayp— ym°#° in the wide region of ther’#° system invariant massn,,,>670

MeV, or when the photon energy is less than 300 MeV. We discuss the details of the scalar meson production
in the radiative decays and note that there are reasonable arguments in favor of the one-loop methanism
—K*K™—yag and ¢p—K K~ — yf,. We discuss also distinctions between the four-quark, molecular, and
two-quark models and argue that the Novosibirsk data give evidence in favor of the four-quark nature of the
scalarag(980) andfy(980) mesons.
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I. INTRODUCTION different. As was shown if1,3,17 the dominant back-
ground is the ¢p— 70— y7O7° process with BR¢
As was shown in a number of papers, see Réfsf], and  — 7%°— ym°7%, 0 <100 MeV)~6.4x 10" . The influence
references therein, the study of the radiative decays Of this background process is negligible, provided BR(
— yag— ymy and ¢— yf,— ymm can shed light on the — ¥fo— ym°7°,@<100 MeV)=5x10""°.
problem of the scalaay(980) andf,(980) mesons. These The exact calculation of the interference patterns between
decays have been studied not only theoretically but also exthe decaysp— yfo— ym°n® and ¢— p°m— ym®a°, which
perimentally. Present time data have already been obtainé¥e Present in this paper in Sec. I, SOhO(\)NS that the influence
from Novosibirsk with the detectors SNID7-10 and of the background in the decay— y#" =" for the obtained
CMD-2 [11], which give the following branching experimental data is negligible in the wide region of the
- ' - 97 invariant massm,,,>670 MeV, or in the photon en-
ratios: BR(@— ymn)=(0.88:0.14-0.09)x10°* [9], 77 m ’

BR(¢— ym070) = (1.221+0.098+ 0.061)x 10 4 [10] and  €"9Y région»<300 MeV. _
BR(¢— ym7)=(0.9+0.24+0.1)x 10", BR(¢— ym°7°) In Sec. IV we discuss the mechanism of the scalar meson

- —4 production in the radiative decays and show that experimen-
(0.92+0.08+0.06)x 10" “ [11]. ital data obtained in Novosibirsk give the reasonable argu-
ments in favor of the one-loop mechanisg— K"K~

i : —ya, and ¢— K"K~ — yf, of these decays . In the same

mesons. l\.lot.e that the 'SOVGC"“’@(%Q) meson 1s produced place we discuss also distinctions between the four-quark,

in the radiative¢ meson decay as intensively as the well- o 1acylar, and two-quark models and explain why these data
studied »" meson involving essentially strange quads  give evidence in favor of the four-quark nature of the scalar

T_hese data give evidence in favor of the four-quar
(9%9?) [1,12-14 nature of the scalag,(980) andf,(980)

(=~66%), responsible for the decay. ao(980) andf,(980) mesons.
As shown in Refs[1,3,17, the background situation for
studying the radiative decayg— ya,—ym’y and ¢ II. INTERFERENCE BETWEEN THE REACTIONS

— yfo— ym?m0 is very good. For example, in the case of
the decayp— yap,— y7°7, the procesgp— m’p— yml7 is
the dominant background. The estimation for the soft, by As was shown in Refs[1,3] the background process
strong interaction standard, photon energys<100 MeV, e*e”—¢— 7%= y7®y is dominant. The amplitudes of
gives BR(@— m°p°— y7%7,w<100 MeV)~1.5x10 6.  the processeg’e — p°(w)— np°(w)— ym®n are much
The influence of the background process is negligible, proless than the amplitudes of tre e™ — p®(w)— m0w(p°)
vided BR(¢— yao— y7°n,0<100 MeV)=10"°. In this — ym’n processes. In its turn, the amplitudes of tiee™
paper, in Sec. I, we calculate the expression for the — p°(w)— mw(p®)— y7°7n processes are much less than
—ym%y decay amplitude taking into account the interfer-the amplitudes of the™e™ — ¢— 7°p%— y7°y processes.
ence between theb— ya,— ym°n and ¢— 7°p—yn®n  The amplitude of thee®e™ — ¢— np— ym®y process is
processes. We show that for the obtained experimental daglso much less than the amplitude efe”— ¢p—70p°
the influence of the background processes is negligible ev—y7°» process.
erywhere over the photon energy region. The amplitude of the background procegép)— m°p°
The situation with¢— yfo— y7%a° decay is not much — y(q) 7°(kq) 7(k,) is

¢—yag—ym°n AND ¢p—m%p’—yn'y
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For the amplitude of the signat— ya,— y7°n we use
the model suggested in Refl], in which the one-loop
mechanism of the decay— K"K~ — ya, is considered:

(¢9)(ep)
(¢6)_W , (2

ga0K+K’ga0wn

Ma=g(m)—5 m
a9
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The interference between the background process ampli-
tude and the signal amplitude is written in the following
way:

dFint(m) . (mi_mz)pwn
dm 1287°m}

1
f_ldXAint(m!X)r (8)

wherem?=(k; +k;)?, ¢,, ande, are the polarization vec- where

tors of ¢ meson and photon, the functi@{m) was deter-
mined in Refs[1,3]. The mass spectrum is

T(¢p—ymy) Ala; dTpae(m)  dlj(m)
= + =+
dm dm dm dm

. 3
where the mass spectrum for the signal is

dlay _ 2 m’T[¢— yao(m)]I[ag(m)— 7]
dm 7 [Day(m)|?

2
ga0K+K_gao7T77’

_2|g(m)|2pnﬂ'(m<2p_m2)
- oom | @

313
3(4m)3m}

Accordingly, the mass spectrum for the background pro-

cesse’e” — p—7lp—ymlyis

drback(m) (m(zb_mz)pwrjfl
dm  1287°m} L P Poaed M), )
where

1 2
Apacd M,X) = § E |MB|

1
— 4.4 22 m2m 2 4270 2
—24(m”mw+ 2m*m; mzm,*—2m, mom,

—2m?mim,2+2m'm,*—2m’m?m,*
+2mym,*—2m?mZm,*+4m2mZm *
+mim,*+2m?m, S —2m?m 6 —2mZm,°
+m,8—2m?mZmj — 2m?m’mjm,?

2002002750 2 50202 4 20027 4
+2m;momym S —2mmim,"+2m; mgm,

2
~ ~ gqﬁ =9
—2m?m S+ m*m? +mim *4) | Z22T=RTY
¢'p 7P ¢ p ~
D,(m,)
(6)
and
-y (m2+m5—m2)(m3—m?)  (mj—m?)x
mp —m”‘f' 2m2 - m T
\/[mZ_(m _mﬂ_)Z][mZ_(m +m7‘r)2]
Pry= ! ! : (7)

2m

2
A m.X) = ZReX, MaMg

1 3 m2(m 2 m2)2
— 2_m2 2 P\ P 7
_3((m mg)m,~+ mé—mz
YR g(m)gaOKJrK*gaoﬂn'nqupﬂ'gpr]y (9)
D} (m,)Dqa (M) '

The inverse propagator af, mesonDaO(m), is presented

in Refs.[1,3]. The inverse propagator ¢f meson has the
following expression:

gz 2\ 3/2
Dp(m)=m§—m2—im2%(1— m;) . (10

We use the coupling constagt,g+x-=4.68=0.05 ob-
tained form the decayp—K*K™~ [18], and the coupling
constang,,,,=0.572+0.08 GeV ! obtained from the decay
p— 7y [19], with the help of the following expressions:

2 5\ 32
Ok K- 4mi
IN(¢p—K'K )= m¢<1——2 ,
4877 m¢
92
I'(p—ny)=—2(m2—m?)3. 11
(p—m7) 967Tm3( ,—m3,) (13)

p

The coupling constang,,,=0.811+0.081 GeV'!is ob-
tained using the data on the decay-pr— 7" 7~ 7° [18]
with the help of the formulas from Reff20].

The fit of the experimental data from the SND detector
[9], taking into account the relatiogy, ,,=0.850, k- re-
sulting from theq?g® model[1], chooses the constructive
interference and gives

m, =985.51-0.8  MeV,

Jak k- =2.747-0.428 GeV,

2
gaOK+K*

=0.6+0.015 GeV,
A4

x*INpe=3.1/6. (12

The total branching ratio, taking into account the interfer-
ence, is BR¢p— (yao+ 7°p) — ymy)=(0.79+0.2)x 10 4,
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the branching ratio of the signal is BR( ya,— ymy)  amplitude of thee*e*—>¢—>q-r°p—> ym°#70 reaction. In its
=(0.75+0.2)x10"* and the branching ratio of the back- turn, the amplitude of the*e™— w— 7% — ym°w° reac-
ground is BR¢p— p°m°— ym®7) =3.43x10°%. So, the in- tion is much less than the amplitude of thee —p
tegral part of the interference is negligible. The influence of— m%w— ymOmO reaction.

the interference on the mass spectrum of #we system is The amplitude of the background decay(p)— m°p
also negligible, see Fig. 1. — y(q) (k) (k) is written in the following way:
The difference of the obtained parametét®) from the
parameters found in Reff9], which arem, =994+ 3° MeV, M pack= 07069705 PP € U € ur€psue
2 _ 0.36 : H
gaOK+K,/4Tr— 1.05+ %8 Ge\?, is due to the fact that in Ref. Ky,Kz0 Ka,uK1o
[9] a more refined fitting was performed considering the D,(q+ky)  D,(qtky/ (13

event distribution inside of the each bin. Notice that this
difference is less than two standard deviations.

Let us specially emphasize that the valg§0K+K_/4w
=0.6+0.015 Ge\ obtained by us on no account points to
the possibility of theKK molecule descriptiof2] of the a, . () (ep)

K imaaqi M =9(m)e'5B((¢6)——)
meson. In th&K K molecule model, the imaginary part of the 0 (pq)
K*K™ loop is dominant because the real part of KieK ~
loop is suppressed by the wave function of the molefdi]e
see also Sec. IV. Due to this fact, we have BR¢yag
—ymn)~1.5x10 ° [4] in the KK molecule model at the
same coupling constant ang, =985 MeV, which is almost  \hereR,R’ = f,,0. The matrix of propagators is defined in
by six times less than the experimental value BR( Ref.[3]. The phase of the signal amplitude is formed by the
—ymn)=(0.88+0.14+0.09)x 10" 4 [9]. The divergence is phase of the triangle diagrang(~ K"K~ — yR) and by the
by five standard deviations. In addition, in the case of molphase ofw# scattering which in its turn is defined by the
ecule, the bump in the spectrum of they system is much phase of thef,— o complex, and by the phase of the elastic
narrower than the experimentally obseniddl see Sec. IV. background ofr scatteringdg see details in Ref$6,3,13.

The mass spectrum of the process is

The amplitude of the signat— y(fo+ o) — ym°=° takes
into account the mixing of; and o mesons, see Reff3],

X

> gRK*KG;éng’wowo)u (14
RR'

Il. INTERFERENCE BETWEEN THE ete™ —yfy—ynln® oo, dr
AND ete™— ¢p— m%p— ym°=® REACTIONS I(p—ym 7)) 9, _’_drbacl(m) L Alin(m)
dm dm dm — dm

, (19
When analyzing thep— yf,— ym’#° decay, one should

take into account the mixing of thiey meson with the isos- )

inglet scalar states. The whole formalism of the mixing of Where the mass specrum of the signal has the form

two scalarf, and ¢ mesons was considered in RE3J. In

this paper, we consider only expressions in regard to the dl'sy  |g(m)[2ym?—4mZ(mj—m?)

interference with the background reactions. =

dm 3,3
As was shown in Refg1,3], the dominant background is 3(4m)*my
the ete”— ¢p— 7% — ymO7° reaction. The amplitude of . 2
theee™ — p— m’w— ym°7° reaction is much less than the X| 2 Grk+k-GrpyOr' 7070 - (16)
R,R’

14 |
12

10

FIG. 1. Fitting of dBR(¢— ymn)/dm with
the background is shown with the solid line, the
signal contribution is shown with the dashed line.
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The mass spectrum for the background proess — ¢— m°p— y7O70 is

dlpae(m) 1 (mfb—mz)\/mz—4m§f1 ] .
dm _E 256]T3m:; 1 XAbaCk(mvx)! ( 7)

where

1
Apac M,X) = § 2 |MbaclJ2

= ﬂgﬁ)mgfmy{ (m2+2m?m?m’—4mdm?+2m*m) — 4m?mZm’ + 6m7m) + 2m’m° — 4mZmd+ m°—2m>mj
922 22 40202 5 2d 2 2742 56 2 4 4 T4 4
2m mZmemy -+ 2m7mimg — 2m m,mg -+ 2memjmg, — 2m,mg -+ mzmg 4+ mim;,)
1 1

m 1
|D,(m )|2+|D (r”n*)|2> +(m‘275_mz)(m2—2m37+2m§_mfﬁ)(zmzmi+2mimé—m4)
P P p D

D, ()2

8
(mq-r_

1
672 4,272 2 A4~ 4 B2 .2 274 474 276
+2R€(D(m)D*(’m*) mmp+2m mwmp+2m mzm;, 4mwmp 4m mﬂmp+6mwmp+2m m,
p\ e/ = p N p

_ 276, =8 24 2 6 12 4722 22 7122 475272 2mAm2 2754 ..2
4m7m;+ mj+m mzmg, — 2m;mg + 2m°msmy — 4m*mzmimg, + 2mzmsmy — m m,mg,+ 2mzm myg,

—2mPm3, —mimg — m?m2m’ + 2m2 momy + Fnﬁmfb)]

(18)
|
and 2
Ajn(m,x) = §R62 MfMgack
1 S
~y (mfﬁ—mz) 4mf, :§R g(m)e®*g,,-9,0,
M=o | 1mx\[ 1=,
X 2 9RK+K—GRF1gr9R'w%0)
R,R’
m*2=m2 +2m2 —m?—m,? (19) X([(%ﬁ—mi)ng—(mi_mz)%i]
p ™ ) ~
D} (m,)
k2 21212 2 2\ 2k 2
The interference between the amplitudes of the back- +[(m§ —m3) "y — (Mg —m*)“my ]
ground process and the signal has the form D;(Fn:,‘)
(21)
dli(m) 1 \/m2—4m727 1 The factor 1/2 in Eq(17) and the factor 42 in Eqg. (20
—am - % mﬁldxﬁqm(m,x), (200 take into account the identity of pions. In Ed.6), the iden-

tity of pions is taken into account by the definition of the

coupling constangg.0.0=0ggr,+ . /2. For the fitting of the
experimental data we use the modelm®fr scattering con-
where sidered in Ref[3]. The phase of the elastic background of
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FIG. 2. Fitting ofdBR(¢p— y7°#%)/dm with
the background is shown with the solid line, the
signal contribution is shown with the dashed line.
The dotted line is the interference term. The data
are from the SND detector.

7o scattering is taken in the forrzﬁB=b\/m2—4m27T. We fit b=75+2.1 (1°/GeV), C=0.622+0.04 Gef,
simultaneously the phase afrr scattering and the experi-
mental data on the decay— ym%P. 2 JAmr=1.29+0.017 GeV

The fit of the experimental dafd 0], obtained using the Grgr A= 22550, '

total statistics of SND detector, and the data on#he scat-

tering phase[21-25, taking the value g,,0,=0.295 The constanC takes into account effectively the contri-
+0.037 GeV' ! obtained from the data on the— 7%y de-  bution of multi particle intermediate states in thg- o tran-
cay[19] with the help of the following expression: sition in Ggr matrix, see Refl3], and incorporates the sub-
traction constant for thd(R—(0~07)—R’ transition. We
gz . treat this constant as a free parameter.
I'(p—mPy)= L‘Ys(mi_mi)?», (22) The total branching ratio, with interference being taken
96mm, into account, is BR¢p— (yfo+m°p)— y7ln®]=(1.26

+0.29)x 10 4, the branching ratio of the signal is BR(
gives the constructive interference and the following param- yf,— y797% = (1.01+0.23)x 10" 4, the branching ratio

eters: of the background is BR§— p°7°— ym°7®) =0.18x 1074
The results of fitting are shown in Figs. 2 and 3. Note, that
O krk-=4.021+0.011 GeV, (23)  for our aim, the phase in the regiom.,<1.1 GeV is impor-
tant.
i -0.0=1.494+0.021 GeV, m; =0.996+0.0013 GeV The authors of Ref{10] fit the data taking into account
07T w . . 1 0 . . y

the background reactiop— p°7%— y797°. The parameters
found [10] are m; =0.9698-0.0045, ngK+K,/4w=2.47

+58GeV? g7 . __/4m=0.54+33 GeV?. They are differ-
. o .
m,=1.505-0.012 GeV, ent from the parameters found in our fitting. The difference

Ooktk-=0, 0,70,0=2.58+0.02 GeV,

350

250

200

FIG. 3. Fitting of the phaség of 7 scatter-
150 - ing.

100 -

50
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FIG. 4. Fitting ofdBR(¢— y7°#°)/dm with
the background is shown with the solid line, the
signal contribution is shown with the dashed line.
The dotted line is the interference term. The data
are from the CMD-2 detector.

—

: ‘Tl:-:

L L L L L L L L
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

is due to the fact that we perform the simultaneous fitting of Ookk-=0, 0,,0,0=2.61+0.1 GeV,
the data on the decay— y#°x° and the data on th&wave
phase ofr scattering, taking into account the mixing fof m, =1.585+0.015 GeV,
and o mesons. 7
In addition, in Ref.[10], the interference between the b=70.7+2.0 (1°/GeV),

background and signal is found from the fitting; meanwhile

in our paper the interference is calculated. The branching

ratio of the background BRA— p°m’— y7%7%)=0.12

X 10 * used in Ref[10] is taken from Ref[17] in which the 5

coupling constang 0,0, is less by 25% than resulting from 9 k+k-/4m=1.19-0.03 GeV.

the experiment. In our paper, the background is calculated on

the basis of experiment and is accordingly larger, BR( The total branching ratio, taking into account the interfer-

—p%7%— y7m%7% =0.18<10"4. Note that in Ref[10], in  ence, is BR¢—(yfo+7°p)— y7°n®]=(0.98+0.21)

contrast to us, the fitting is performed taking into account thex 10~#, the branching ratio of the signal is BR( yf,

event distribution inside each bin. — y797%) =(0.74+0.2)x 10" 4, the branching ratio of the
The fitting of the experimental data of the CMD-2 detec-background is BR$— p°m’— y7®7%) =0.18x10"4. The

tor [11] and the data on therw scattering phas€21-25 results of fitting are shown in Figs. 4 and 5.

gives the constructive interference and the following param- The parameters found in Ref[11], which are

eters: m;,=0.969:0.005,  gf . /4m=149:036  GeV
9f20w+ —14m=0.4+0.06 GeVf, are different from the param-

eters found in our fitting. The difference is due to the fact
that we perform the simultaneous fitting of the data on the
decay ¢— ym’#° and the data on th&wave phase of the

C=-0.593-0.06 GeV,

O kK- =3.87450.17 GeV, (24

01 n0,0=0.536:0.03 GeV, m; =1.0019-0.002 GeV,

350

200

FIG. 5. Fitting of the phaség of 7 scatter-
ing.
150 -

100

50
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0.00008 [

0.00006 [

FIG. 6. The function|g(m)|? is drawn with
the solid line. The contribution of the imaginary
part is drawn with the dashed line. The contribu-
tion of the real part is drawn with the dotted line.

0.00004

0.00002

. . L L L
0.8 0.85 0.9 0.95 1

7 scattering, taking into account the mixing B and o IV. CONCLUSION
mesons and taking into account the background reacfion . . . .
0,0 0.0 ¢ g ot The experimental data give evidence not only in favor of

éhe four-quark model but in favor of the dynamical model

background process on the spectrum of #he ym°7° de- suggested in Refl], in which the discussed decays proceed
+ -
cay is negligible in the wide region of the®#° invariant ~ through the kaon loopg—K™K™— yfo(a). Indeed, ac-

massm...>670 MeV, or when photon energy less than 3oocqrding to the gauge invariange condition, the transition am-
MeV. plitude ¢— yfy(ag) is proportional to the electromagnetic

In the meantime, the difference from the experimentaltensorF ,, (in our case to the electric fieldSince there are
data is observed in the region, . <670 MeV. We suppose NO pole terms in our case, the functigm) in Egs.(2) and
this difference is due to the fact that in the experimental(14) is proportional to the energy of ph0t0m=(m(2ﬁ
processing of theete™— ym°#° events the background —mz)/2m¢ in the soft photon region. To describe the experi-
eventse” e~ — w7’ ymO7° are excluded with the help of mental spectra, the functidig(m)|? should be smootital-
the invariant mass cutting and simulation, in so doing themost constantin the rangem<0.99 GeV, see Eqg4) and
part of thee"e™ — ¢— pm®— yn7° events is excluded as (16). Stopping the functionw? at w,=30 MeV, using the
well. form factor of the form 1/(# R%w?), requires R~100

It should be noted that the SND and CMD-2 data on thegeV . It seems to be incredible to explain the formation of
branching ratios of thes— ym°«° decay are quite consis- such a huge radius in hadron physics. Based on the large, by
tent, in the meantime, the SND and CMD-2 data on thenadron physics standar&~10 GeV !, one can obtain an
shapes of the spectra of thé7° invariant mass are rather effective maximum of the mass spectra under discussion
different. The CMD-2 Shape is noticeably more narrow,omy near 900 MeV. In the meantime, the" K~ |oop gives
compare Figs. 2 and 4. This difference reflects on the couthe natural description to this threshold effect, see Fig. 6.
pling constantg; 0,0 and the constan€, which are quite To demonstrate the threshold character of this effect we
different, see Eqs(23) and (24). In all probability, this dif-  present Fig. 7 in which the functidg(m)|? is shown in the
ference will disappear when the CMD-2 group processes thease ofK © meson mass is 25 MeV less than in reality. One
total statistics. can see that in the region 950-1020 MeV the function

One can see from Figs. 2 and 4 that the influence of th

0.0002 -

0.00015 -

FIG. 7. The function|g(m)|? for my=469
MeV is drawn with the solid line. The contribu-
tion of the imaginary is drawn with the dashed
line. The contribution of the real part is drawn
with the dotted line.

0.0001 -

0.00005
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|g(m)|? is suppressed by the? low. In the mass spectrum sation of the different intermediate state&1-33. In our
this suppression is increased by one more powem 0$ee case these states akK, KK* +KK*, K*K* and so on.
Egs.(4) and(16), so that we cannot see the resonance in th&ince, due to the kinematical reason, the real intermediate
region 980—-995 MeV. The maximum in the spectrum is ef-state is the only< *K ~ state, the compensation in the imagi-
fectively shifted to the region 935-950 MeV. In truth this nary part is impossib|e and it destroys the OZI rule. The
means thagy(980) andf,(980) resonances are seen in thecompensation should be in the real part of the amplitude
radiative decays of meson owing to th& "K™ intermedi-  only. As a result, thesb— ya, decay in the two-quark model
ate state, otherwise the maxima in the spectra would b mainly due to the imaginary part of the amplitude and is
shifted to 900 MeV. much less intensive than in the four-quark mofkB]. In

It is worth noting that the TK ~ |00p model is practically addition, in the two-quark moded;qo(QSO) meson should ap-
accepted by theorists, compare, for example, [26] with  pear in thep— ya, decay as a noticeably more narrow reso-
Eq. [27]; true there is exceptiof28]. nance than in other processes, see the behavior of the imagi-

It was noted already in papét] that the imaginary part nary part contribution in Fig. 6.
of theK*K~ |00p is calculated practically in a model inde- As regards to the iSOSC&'&b(QSO) state, there are two
pendent way making use of the coupling constanjg+x-  possibilities in the two-quark model. ff,(980) meson does
andg, (1 )k +k- due to the Low’s theorerf29] for the pho-  not contain the strange quarks the all abovementioned argu-
tons with energyw <100 MeV which is soft by the standard ments about suppression of thhe— ya, decay and the spec-
of strong interaction. In the same paper it was noted that the#um shape are also valid for the— yf, decay. Generally
real part of the loopwith accuracy up to 20% in the width of speaking, there could be the strong OZI violation for the
the ¢— yfo(a) decay is practically not different for the jsoscalamgq states mixing of theuu, dd andss state$ with
pointlike particle and the compact hadron with form faCtorregard to the strong mixing of the quark and g|u0n degree of
which has the cutting radius in the momentum space abouteedom which is due to the nonperturbative effects of QCD
the mass ofp meson (,=0.77 GeV. In contrast to the [34]. But, an almost exact degeneration of the masses of the
four-quark state which is the compact hadf@d], the bound  isoscalarf,(980) and isovectomy(980) mesons excludes
KK state is the extended state with the spatial radus such a possibility. Note also, the experiment points directly
~1/\Jmge, where € is the binding energy. Corresponding to the weak coupling off,(980) meson with gluons,
form factor in the momentum space has the radius of th&(J/y— yfo— ymm)<1.4x 10 ° [35].
order of ymge~100 MeV for e=20 MeV [30]. The more If f5(980) meson is close to thes state[15,36] there is
detailed calculatiof2] gives for the radius in the momentum no suppression due to the the OZI rule. Nevertheless, if
space the valu@,=140 MeV. As a result, the real part of ay(980) andfy(980) mesons are the members of the same
the loop of the bound state is negligitl4]. It leads to the multiplet, the ¢— yf, branching ratio BR¢— ymw°7°)
branching ratio much less than the experimental one, as it (1/3)BR(¢p— ymm)~1.8X 10, is significantly less than
was noted above. In addition, the spectrum is much narrowethat in the four-quark model, due to the relation between the

in the KK molecule case that contradicts to the experimentcoupling constants with th&K, 75 andKK, 7 channels
see the behavior of the imaginary part contribution in Fig. Ginherited in the two-quark model, see Rdf$,3].
and in corresponding figures in Ré¢#]. Only in the case when the nature f{ 980) meson in no

Of course, the two-quark state is as compact as four-quangay related to the nature @f,(980) mesonwhich, for ex-
one. The question arises, why is the branching ratio in theimple, is the four-quark statehe branching ratio experi-
two-quark model suppressed in comparison with the brancr}'nentally observed— yf, could be explained bsgnature
ing ratio in the four-quark model? There are two reasonsys ¢ (9g0) meson. But, from the theoretical point of view,
First, the coupling constant of two-quark states with#t€  such a possibility seems awf{d5].
channel is noticeably legs3,13] and, second, there is the
Okubo-Zweig-lizuka(OZI) rule that is more important re- ACKNOWLEDGMENTS
ally.
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