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Search for the scalara, and f, mesons in the reactione*e™— y#°=’(7)
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It is shown that the reactions'e™— y#%7%(%) give a good chance for observing the scalgrand f,
mesons. In the photon energy region less than 100 MeV the vector meson contributions
ete V07V 0— y7040(%) are negligible in comparison with the scalar meseie —¢
—yfo(ag)— ymlm(n) for B(dp— yfo(ag)— y#°m(n)) greater than %10 ® (1075). Using the two-
channel treatment of thew scattering the predictions f@(¢— y(fo+ o)— ymm) are derived. The four-
quark model, the model of th€K molecule, and thes model of scalarf, and a, mesons are discussed.
[S0556-282(197)00919-3

PACS numbeps): 12.39-x, 13.40.Hq. 13.65¢i

[. INTRODUCTION quark-gluon transitiong|g—gg one does not manage this
problem. The experiment points rather to the fact thatfthe
The central problem of light hadron spectroscopy hasneson is weakly coupled with gluons. Really, according to
been the problem of the scalfy(980) anday(980) mesons. QCD [15] we have
It is well known that these states possess peculiar properties
from the naive quark dq) model point of view, see, for
example, the reviewfl—5]. To clarify the nature of these B(J/y—y+gg in 0" or 0 states=1.5x10"?,
mesons a number of models have been suggested. It was (€©)
shown that all their challenging properties could be under-b tf . [16]
stood [2,5,6] in the framework of the four-quarkgfq?) utfrom experimen
MIT-bag model [7], with symbolic quark structure
fo(980)=squu+dd)/v2 and ay(980)=ss(uu—dd)/v2. R oo <1.4x10°5
Along with the qg? nature ofay(980) andf,(980) mesons B(Y=v99=ylom ymm) <1.4x10 @
the possibility of their being thé&K molecule is discussed and[17]
[8].
During the last few years it was establishé&d-12] that
the radiative decays of the meson¢— yfo— y7a and B(J/¢y— ygg— yn'(958)=4.3x10"°. )
¢— yag— ynm could be a good guideline in distinguishing ) . _ ]
the f, anda, meson models. The branching ratios are con- Hence, if one considers that thg (958) coupling with
siderably different in the cases of naive quark, four-quark, o@luons is essential, then ttig(980) coupling with the gluons

molecular models. As has been shol@, in the four-quark  Should be considered as rather weak. _
model the branching ratio is In spite of this fact, thess scenario is discussed in the

current literature as one possible model of themeson
structure. The “accidental” mass degeneracyagfand f

B(¢— yfo(q29%) — ymm)=B(d— yas(q29?) — y7 1) mesons in this case is assigned to the final state interaction.
It is easy to note that in the case of ssistructure of the
~107%, (1) f, mesonB(¢p— yfo— ymm) and B(¢p— yag— ymy) are
_ different by factor of 10, which should be visible experimen-
and in theKK molecule model it i§10,11] tally. Really, theag meson as an isovector state has a sym-

bolic structureap=(uu—dd)/v2 in the two-quark model. In
_ _ this case the decayp— ya,— ym7 is suppressed by the
B(¢p— yfo(KK)— ymrm)=B(¢p— yag(KK)— ym7) Okubo-Zweig-lizukaOZI) rule and the rough estimation for
105 2 the real part of the decay amplitude givefl2]
: @ B(g—yap(qq)—ymn)~3x10 ",
By virtue of the real two-particleK "K~ intermediate

Currently also an interest in an old interpretation of {§e  giate the OZI rule breaking imaginary part of the decay am-
meson being assstate, sed,13,14] is rekindled, despite the plitude is relatively high and givei®]

fact that the almost ideal mass degeneracy offthanda,
mesons is difficult to understand in this case. By adding the

B(¢— yap(qq)— ymy)=5x10""°. (6)
*Electronic address: achasov@math.nsc.ru In the case wheffi,=ss the suppression by the OZI rule
Electronic address: gubin@math.nsc.ru is absent and the evaluation givi&q
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B(¢p— yfo(s9)— ymm)=5x10"°. (7)

Let us note that in the case of tige—~ y»' decay allowed by
the OZI rule one expecB(¢p— y7n')=10"4.

So, the decaysh— yfo— ymm and ¢p— yay— ynm are
of special interest for both theorists and the experimentalists ¢
At the present time the investigation of the
¢—yfo—ym m~ decay has started with the detector

CMD-2[18] at thee™ e~ -collider VEPP-2M in Novosibirsk.
Besides that, in Novosibirsk at the same collider the detectol
SND has started[19] and has been working with
ete”— yfo— yn’n® andete” — ya,— ynm decays. The
modernization of the VEPP-2M complex is planned to in-
crease the luminosity by one order of magnityd&]. And,
finally, in the near future in Frascati the start of the operation
of the ¢-factory DADPNE is expected17], which should
make possible extensive studies of the sc#l£©80) and
a,(980) mesons.

We have shown recentlj20] that the search for thé&,
meson in the reactios™e™ — ¢— yfo— y7m 7~ is not an
easy task because of the large initial state radiation back
ground. In this paper we study the reactioaSe — {b)
d—y(fot+ 0)— yr’#° ande"e” — p— yag— yu°.

In the second part of the paper, imposing the appropriate
photon energy cute®<<100 MeV, we show that the back-
ground reactionee” — p(w)— 7lw(p)— y7O7°, ete”
—p(w)—mw(p) =y, and  e'e —¢p—n'p
—ym?7%(n) are negligible up to B(¢p— yfo(ap)

— ym?70(7), w<100 MeV)~5x 10 6(107°). We assume
that it will be experimentally possible to isolate photons from
¢— yfo and ¢p— yay with energiesw<100 MeV, despite
the background of the other photons from decaysrdfand -
7. This cut plays a strong role in suppression of background,
see Sec. Il below. x°

In the third part, basing on a two-channel analysis of the
mar scattering the predictions oB(¢— y(fo+ o) — ymm) ()
are made. We discuss the four-quark model offthanda,
mesons, the model of th€éK molecules, and the model of
the f, meson being thes state as well.

The fourth part is devoted to discussions of the obtained

+ (X0 x0)

+ (x° > xo)

+ (xo ¢ xo)

FIG. 1. The diagrams of the background to thede”
— yfo— ymO7° process in the vector dominance model.

results. F. (M= (m )(%)sz—mi)s
y oy o/ " m (mwi — m?ﬂ-)g ,
Il. BACKGROUND TO THE e*e™— yfo(ag)— yala’(%) ) ot 2 )
REACTION IN THE VECTOR MESON DOMINANCE A = M= (Ma—m)"Jlmy — (m,+m)7] ©
MODEL ¢ [mﬁ;_(mﬂ'_mw)z][m(zb_(mw—i_ mw)z],

. 4
Leto UOS consider the background to the'e — yfo andm is the invariant mass of they system. The limits of

—ym @ reaction. In the vector meson dominance model,,
the diagrams are pictured in Fig. 1. Let us estimate the crosg 7 7

: . ner CUtS Mpyin=+yM:+2m infMmy= and m
section of thee*e™ — p— 7w — 7%y process, shown in 9y = VM 7 @min/My=My max

Fig. 1(8). First of all, notice that :\/mfpL 2Mywma=0.471 GeV. The functiorf,(m) takes

integration are taken with regard to the photon

into account the interference of the identical pions, see the

Appendix.

0 0 ) _
The cross section of the*e™— p— 7% process

olete —=p—mlw—m 7T0’y,m¢)
=o(e'e”—p—7lw,my) olete—p—7lw,s)

2 [Mnax ML (M) AT ,(M)dm
X — |mi—m2—if‘wm|2 J (®) =12mwa

I'(p—eTe ,s)I'(p— 7’w,s)
ID,(s)]? '

w

(10

Mmin

where wherel'(p—e*e™,s) is defined in Eq(25) and
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X[s=(m,+m,)?]}*2

I'(p—mw,s)= {{s—(m,—m,)?]
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oete  —sw—7mlp— ’)/7TO7TO,m¢) =3.2x10"° nb.

The coupling constang,, ., is taken from the width of the <, <100 MeV is

decayw— my data that leads t@?,,/96m=0.452 GeV 2.

In the propagatoD, we are taking into account the energy

dependence of the meson width

2 2\ 3/2
g 4m
I pTT _ ™
D,(s)=m;—s—is 287 ( S ) . (12
The constant a is taken from the condition

o(ete”—7%»,\s=0.97)=6.1 nb, seg21], that leads to
a=2.02.
From the the

above, cross

ete”—p— mw— 77y process is
oete - p—7mlw— 7TO7TO’)/,m¢) =6.1x10“ nb
(13

in the region of interest @ w<<100 MeV. Analogously let

us consider the*e™ — w— 7mp— ym°7° process, see Fig.

1(b). First, we have

olete —w—mlp— 7TO7TO’y,m(/,)
=o(efe sw— 7T0p,m¢)

2 [ M2, 0, (M)A ¥ (m)dm
D,(m)? '

(14

™ J Min

where

¥ (m?—m?)?

2 2 ’
(my—m?)3

m,
proy( m) = 1_‘p71'0'y( mp) F

_ [m—(m,—m)?][mj— (m,+m)?]
P Mg —(m,—m,)?][m5—(m,+m,)*]’

(19

The cross section of the*e™ — w— 7%° process is

glete"—w—7%,s)

INw—e'te ,s)I'(0—7,s)
ID(9)]?

=127b (16)

The constant b is found from the condition
olete mw—m7rt 7 ;\s=1.09)= o(e"e” —w—7p;
Js=1.09)=2.4 nb, se¢21], that leads tdb=4.7. In view of
it the cross sectiom(e*e*—m—m-rop;m¢):2.2 nb. For
the cross section of the"e™ — w— 7% — y7°#° process
in the photon energy region<0w<<100 MeV, see Eq(14),
one has

section
o(e*e”—p—7w,m,)=6.46 nb. The cross section of the

17)
The cross section of the"e ™ — ¢— 79p°— y7°#° pro-
cess, see Fig. (&), in the ¢ meson region at
0'(e+ef—>¢—>770p—>7770770,m¢)
:a(e+e*—>¢—>w°p,m¢)
y 2 (M m?T,,0,(M)AY% (m)dm
m Mmin |Dp(m)|2
<2.6x10°2 nb, (18

wheré B(¢— 70p°— ymr°70, 0 <100 MeV)<6.4x 10",

In principle, the interference between the amplitudes
ete V- —yx’7°% may be essential, but, as it is
seen from Eq(13), Eq. (17), and Eq.(18), in studies of the
background to theee™— yf,— y7%#° reaction one can
neglect the contributions of the e'e —p(w)
—m%w(p)— 77y processes and the question of their in-
terference no longer arises.

Hence, taking into account thatr(e*e” — ¢—all)
=4.4x10° nb, the background processes
ete =V 700 47040 are negligible compared to
the one under studye'e —yfo—ym’7® up td
B(¢p— yfo— ym°n®)=5%x10"°.

As for the interference between the primary process
ete - yfo—yn®7® and the background process
ete —¢p—mp— ym°7w°, one can neglect it also due to
the fact that 66% of background contribution to the branch-
ing ratio under consideration is determined by the region
70< <100 MeV while the contribution of the primary pro-
cess in this region is less than 20% in the worst case when
the f; meson is relatively wide, see Sec. IV.

Let us consider the background to thee™ —vya,

— y7%9 reaction. It is easy to show that in this case, as in
the case of the reactioa’e™ — yf,— ym°#°, the process
ete”— ¢p—mp— yn¥y is dominant. The cross sections of
the processee’e™ — p(w)— yp(w)— y7’y, see Fig. 2,
are by two orders of magnitude less than the cross sections of
the processeg’e™ — p(w)— mw(p)— ym’y. The cross
sections of the processes e — p(w)— 7lw(p)— y7°7,

in turn, are by two orders of magnitude less than the cross
section of the process*e™— ¢— 7%p— ym°%. In com-
parison with the process"e™ — ¢— 7% — ym7 the cross
section of the procese’e — ¢— ndp— ym’y is sup-
pressed by two orders of magnitude also.

The cross section of the procese*e —¢
— 70— ym’y

0

Taking into account the positive interference one has
B(¢— 7%°) <(1/3)B($— mp).

2Let us emphasize that we essentially use the photon energy cuts
in our analyses. For comparison we notice that after integration
over all spectrunB(¢p— 70p°— ym7%) =105 [9,22-24.
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)
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FIG. 2. The diagrams of the background to thee™ — ya,— y#’# process in the vector dominance model.

olete = p—mp—7m 7y, my)
=cg(ete — ¢p—7p, my)
pn m)Ailzdm
ID,I?

2 Mmax mZF
X —
aa

Mmin
Let us take into account that

2 [ Mmae MPT,, (M)A 2dm

— =3.5x1075,

T J Min |DP|2

where

m 3 (m2_ m2)3
Lppp(m)= pr(mp)(ﬁp) W’

and m is the invariant mass of they system. The inte-

19

(20

(21)

Taking into account thato(e*e”—¢—a%,m,)
<182 nb, for the cross section of the process
ete = ¢p—mp— %9y in the regionw<100 MeV one
gets

olete - p—mp— 7707]'}/,m¢)<6.37>< 10 3 nb,
(22)

which corresponds t®B(¢— 7°p°— y’7,0 <100 MeV)
<1.5x10°S.

So, the processese’e” —VO—7oV'%— y7%; and
ete”—=Vo— »pV'%— y7%» which are the background to
e*e” — yay,— yw%y are negligible foB(p— yag— ym°’n)
greater than 10°.

As for the interference between teée™ — yag— ym’y
andete” — ¢p— m°p— y7Oy processes, one can neglect it
also due to the fact that 80% of the background contribution
to the branching ratio under consideration is determined by
the region 78 »<<100 MeV while the contribution of the
primary process in this region is less than 20% in the worst

gration limits are taken with regard to the photon case when the, meson is relatively wide, see Sec. IV.

energy  cuts Myn=/m5 +2mZ wmin/My=m

=, /mzn—i— 2m¢wmax=0.7l GeV.

n

and My,

Notice that if it should be possible to choose a cut on
photon energyw<<50 MeV the background would be one
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(a) (b)

() ()

FIG. 3. The symbolic diagrams of ttes'e™ — ¢— y(fy+ o) — ym 7 process with regard to thig, and o mesons mixing.

order of magnitude less than previously stated while the pri¢p). meson and photon, respectively. The expression of the
mary processe®e’e” — ¢p— yfo(ag)— y7°n°(n) would  g(m) function obtained in the four-quarkgfq?) model is

not decrease considerably. written down in[9].2
Notice that in the four-quark and two-quark models the
ll. MIXING fy, AND o MESONS scalar mesons are considered to be pointlike objext2]

but in the model of th&K K molecule they are considered as
extended onef3].

The background from processes’ e —V0— 7%v’° Taking into account the mixing of th&, and o mesons,
—yn7°(n) described above are negligible up tothe amplitude of the reaction e*(py)e” (ps)— ¢
B(¢p— ym°7°(%),0<100 MeV)=5x10"%(10"°). In the . y(f +0)— y(q)7°(ky) 7°(k,) is written in the follow-
meantime the one-loop calculation in the frame of the chiraing way[2,27]:
perturbation theory of B(¢— yKK—yww(7n)) at

A. g°q? and qq models

w<100 MeV leads to the number of 18 order of magni- . em(zﬁ el %

tude, sed25]. So, in such a theory the strong interference M=eu(—py) y*u(pz) = sD,(s) g(m)
effects with the reactionp— yfq(ag) — ym () are pre- L

dicted. But one cannot restrict oneself to the one-loop ap- e(y)p

proximation only in the region discussed ( GeV), see, for x| e(y)*—g” Y )

example[26]. In view of the fact that all the corrections to

the amplitude in the chiral model cannot be taken into ac- 1

count, we treat them in the phenomenological way consider- XR% [9rK+k-Crr (MR 7070,
ing the scalar particle callesl meson that is strongly coupled

with 7rr channel and, in view of mixing with thg, meson,  \yhere s= p2=(p,+pP,)2 gr(m)~(pg)—0 at (pg)—0
can change considerably the photon energy differential crosg,q 8 is the phase of the elastic background, see (Egj.

section. The parameters of tbemeson we obtain from fit-  tpq constant , is related to the electron width of the vector
ting the 7r7r scattering data. meson decay

Let us consider the reactiore™e™ — ¢— y(fo+ o)
—ym - with regard to the mixing of thé, and o mesons.

2 /2
Below is the formalism in the frame of which we study this T(Voe'e s)= dma (mV
problem. ' 3

(24)

(25

d0'¢_ ) m2¢
do 8ws? f¢

E
fv) sys’
We consider the one-loop mechanism of tRemeson
production, wher&R=f,, o, through the charged kaon loop,  For the differential cross section one gets
¢p—K*K = 9yR, see[9-17. The symbolic diagram is
shown in Fig. 8a). The amplitudep— yR in the rest frame 2 |g(m)|? 4m2 c3
of the the¢ meson is parametrized in the following manner: — \/1- — (c+ =

ID 4(9)| m 3

M=g(m)grk+k-€(P)E(), (23

wherem?= (k; +k,)?=s—2\/sw is the invariant mass of the  3For convenience, in this paper, we use a different parametrization
T systemg(¢) andé(y) are the polarization vectors of the of the amplitude(23). Please, compare wiff9,11,12,20.
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TABLE I. The results in theg?g? model. In the last three lines the parameters and results are listed fss thedel of thef, meson.
All dimensional quantities are shown in units of GeV or GeVhe details are described in Sec. IV.

g?0K+K’ ..
6 R e Am m, ~Cryo Tegt Bi,+o(By) X 10" By, o(Br,) X 10 ©<0.1 my,
45° 20 147 176  1.38 0.31 0.095 1(0®5 0.71(0.76) 0.98
45° 20 147 176  1.38 0.31 0.100 1214 0.81(0.91) 0.975
45° 2.0 1.47 176  1.38 0.31 0.110 2(36) 0.90.83 0.970
45° 2.0 1.47 176  1.38 0.31 0.085 1(BB2 0.590.69 0.985
50° 20 147 176 14 0.28 0.090 1(2100 0.490.59 0.990
60° 20 072 176  1.47 0.17 0.060 101813 0.630.6) 0.98
60° 20 072 176  1.47 0.17 0.055 107 0.520.54) 0.985
60° 20 072 176  1.47 0.17 0.060 0(8D9 0.390.45 0.990
60° 20 072 176  1.47 0.17 0.070 1(3466) 0.730.66) 0.975
55° 40 147 21 1.47 0.31 0.042 5 0.760.97) 0.980
50° 40 425 176 147 0.31 0.061 BP) 1.241.22 0.980
60° 80 225 176 147 0.31 0.025 2(386) 1.000.79 0.98
60° 80 225 1091 1.49 0.31 0.017 2(394) 0.750.74) 0.985
60° 80 225 191 1.49 0.31 0.030 3863 1.220.83 0.975
60° 90 072 20 1.48 0.29 0.015 1(1143 0.680.6) 0.98
60° 90 072 20 1.48 0.29 0.010 0@27 0.540.54) 0.985
60° 90 072 20 1.48 0.29 0.005 0(821) 0.390.45 0.990
60° 150 147 20 1.48 0.35 0.010 19467 1.020.74 0.98
55° 40 03 2.2 1.45 0.29 0.02 00552 0.290.33 0.985
50° 20 03 2.2 1.43 0.29 0.04 0(8526) 0.270.39 0.98
50° 1.0 03 2.2 1.43 0.29 0.06 0526) 0.240.31) 0.98

. 2 The matrix of the inverse propagator has the form
x| (9rk+k-GRrr 9r 7070)| H(S,0min), (26)
RR
D¢, (m)  —II; ,(m)

where w=|d| is the energy of the photor, is the cut on Grr (M) = 11, (m)
cosd,, whered,, is the angle between the photon momentum o
direction and the beam in the center of mass frame of the
considered reaction: c<cos#,<c. The functionH (s, wm;,) For the propagator of the scalar particle we use the ex-

takes into account the radiative corrections, the contributiopression
of which is about 20%428]:

D (M)

H(s, omin) = |1 é(s)|2' 1+27a (L—1)In Z?m DR(m):mg_mZJr% Iradl REPR(MR) — PRI,
- S
(29
3 A
Tttt 20 where S a50ra REPE(MR) — PE(m)]=TIg(m) =TIeHm) takes

into account the finite width corrections of the resonance

where o, is the minimal photon energy registered in the which are the one-loop contribution to the self-energy of the

experimentL=In(s/m§) is the “main” logarithm. The elec- R resonance from the two-particle intermediate states. In
tron vacuur,n polarization to the one order @fs the g?q? model of the scalar particle and in the model of the

KK molecule thefy and ay mesons are strongly coupled
with the KK channel, since they are just under the threshold
L_§ ' (28) of this channel. The ordinary resonance expression of the
propagator, in view of this coupling, is changed considerably
the contribution of the muon and light hadron has been omitand the account At ,,grad Re PA(m&) — PR(m)] corrections
ted. Describing the photon spectrum, we shall use the photois necessary, s¢@,9,11,29. Notice that the expressid26)
energy cuts 28 «<<100 MeV that allow the separation of for mixing of the f; and o mesons takes into account all
the signal from the other states contributing in the differen-orders of the perturbation theory, the symbolic diagrams are
tial cross section. But, calculating the branching ratios of theshown in Fig. 3.
processes, we shall neglect thag,,, as was done above, and  For the pseudoscalab mesons andn,=m,, m?>m?
use the photon energy cut<100 MeV. one has

o
H(S)Zﬁ
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1.2 T T T T T T 1
ab, . 9rap| MyM_ mb i
PR (m)_ 167T ﬂ_mi +Pab I T1010 _ _
\/m2_m2__ \/mZ_mi @0 0.8 - { J: | i
ym?2—m? + Jm?—m? ) | 06 - -
In other regions ofm one can obtain thé’gb(m) by analyti- 04 i ]
cal continuation of Eq(30), see[12,20,30Q. 02 b |
The constantgr,, are related to the width L
0.0 4
gR b L 1 1 1 1 1 1 1
(R—ab,m)= 1 ""mpab(m) (31) 0.8 1.0 1.2 1.4 16
(a) m_, (GeV)
where pap(m)=(m>—m?)(m>*—m?)/m? and m.=m, O L L
my. 0 L ]
Nondiagonal elements of the matr@gr (M) are the % 350 |- ]

transitions caused by the resonance mixing due to the final 3q0 | 4

state interaction which occurred in the same decay channels 250 [ 1

R— (ab)—R’. We write them down in the following man- i [} |
ner|[2,27): 200 |+ i
150 | s
HRR’(m)Z% OrrabPR(M) +Crp (32 100 - -
o 1 1 1 1 1 1 -l

where the constant€rr take into account effectively the 06 08 10 12 12 16

contribution of VV, 4P and other intermediate states and (b)
incorporate the subtraction constants for ke (PP)—R’

transitions. In the four-quark and two-quark models we treat e
these constants as a free parameters.

m,. (GeV)

B. Model of KK molecule

The model of the&K K molecule was formulated i8] and
developed in the paperg10,11, as applied to the
¢— yfo(ao) = ymm(7n) decay.

A specific feature of the molecular model is the narrow
structure of thef; anday mesons.

Really, the width of the weakly bound, quasistable system
cannot be larger than the bound energy which is
e€=10—-20 MeV for theKK mesons, see, for example].

So, in the molecular model the effective width of thgand
ag mesons id .4<20 MeV. Themm scattering data, as we
shall see below, permit the width of thfgy meson to be L1 1
I'¢=0.01—0.03 GeV. Such widths, with some stretch of the 0.00 005 010 0.5 020 025 030 0.35
interpretatiofi can be associated with tHéK bound state. (c) m,, (GeV)
But, nevertheless, we suppose that the latest experimental
data are difficul{apparently impossibjeo understand in the FIG. 4. The results of fitting in theg’q® model for the
framework of this model as they point to the rather wige parameters: 6=60°, R=2.0, ngK+K7/47r=O.72 GeV,
resonance with thE ¢;~40—100 MeV, se¢31-33,41 The g2 jar=1.76 GeV, Cr,o=—0.17 GeV, ,=1.47
objections against th&K bound state interpretation were Gev, m;,=0.98 GeV. The effective  width of the f,
also presented if84]. As for thea, resonance, it seemed t0 meson r =60 MeV. The By, (B;)= 3B(¢Hy(fo+g)
be always too wide for a such interpretation, ., ;079 3B(¢— yf,— ym°n°))= 1 18(1 43)>< 104 at
I'ey~50—100 MeV, se€[36]. The latest data confirm this. <250 MeV andB_ +¢r(Bf ,)=0.63(0.6) 1074 at w< 100 MeV.
The ag meson with thereff—go+ 11 MeV was observed in (g The |nelast|C|ty1; (b) The phasss| =Y. (c) The spectrum of
the reaction ™ p— 7°7n (Brookhavep, see[33]. the differential cross sectlodo(e e > y(fo+o)— yr°70)/dw
with mixing of thef, and o mesons, see E@26). The dashed line
is the spectrum of thé, meson without mixing with ther meson.

“Strictly speaking, the width should be much less then the bound "€ €Ut of the angloe of the photon directier=0.66 reduces the
energy. cross section by 43%.

0.5

nb/GeV

0.0 -
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TABLE |Il. The parameters and results in the model of tHeK molecule. The Br, +(,(Bf) 3B(¢p— y(fp+ o)

— y7070) (3B(¢p— yfo— y7°70)) are listed for the regiom <250 MeV (0.<m< m,). All dimensional quantltles are shown in units of
GeV or GeV. The details are described in Sec. IV.

gf0K+K7 g(T’)T7T
0 | I 47 47 m, | e B, + o(Br,) X 10° Br,+o(Br,) X 10° 0<0.1 my,
58° 0.10 0.6 2.15 1.48 0.03 12153 0.91(1.13 0.98
58° 0.10 0.6 2.15 1.48 0.02 1034 0.730.99 0.985
58° 0.10 0.6 2.15 1.48 0.015 02811 0.550.79 0.99
58° 0.10 0.6 2.15 1.48 0.035 1417) 1.1(1.29 0.975
60° 0.05 0.6 2.1 1.5 0.01 1.8266 1.532.27) 0.985

In the model of the scalatK molecule[10] the function  is especially important in the case of a strong coupling of the
g(m) was calculated inl11]. In this paper it was found that scalar mesons with th€K channel as in the molecular mod-
the imaginary part of theb— yf, amplitude gives 90% of els.

B(¢p— yfo— ymm). In view of this, we take into account In the molecular model the coupling constant of the
only the imaginary part of theg(m). In the transitions meson with theKK channel ig10]

caused by the resonance mixing due to the final state inter-

action only real intermediate states are involyte virtual ngKﬂ(f
states are suppressed for an extended moledBéeause of yp
virtual states suppression, we write in the modeKéf mol-

ecule the nondiagonal elements of the inverse propagatqotice that in this modelm; —M; = 24(10) MeV for
matrix in the following way: m¢,=980(2mk +). The value ofFo is fixed in the region

0.05-0.1 GeV that leads, on average, to the effective widths

=0.6 Ge\’. (36)

HRR'(m)=Im% JrrabPR(M). 33  T1,4~0.01-0.03 GeV.
As for the propagator of thé, meson, let us take the C. Analyses of data on thezz— s scattering
generally accepted Breit-Wigner formulas. To fit the 7 scattering data we write thewave ampli-
Whenm>2my+2mgo, tude of thewr7— 7r# reaction withl =0 as the sum of the
inelastic resonance amplitudé®> , in which the contribu-
Dy, (m)= Mfo— m2—i[To(m)+T «x(m)]m, tions of thef, ando mesons are taken onto account, and the

amplitude of the elastic backgrouf,27]

gf oKFK—
I'cx(m)= 167 \/1 4mK+/m2+\/l 4mKo/m2)— ngeziag_l e2ids_1 I
T(rm—mm)= - =— +e' BT

(34) 2ip,, 2ip,, !
37

As a parameter of the model we use the decay width
I'(fo(ag)— 7m(7))=T, which is defined in Eq(31). In  Where
other areas ofn one can obtain thé)fo(m) by analytical
continuation of Eq(34), see[11,29. o

Since the scalar resonances lie under ki€ thresholds TS =
the position of the peak in the cross section or in the mass RR'
spectrum does not coincide W|Mf , as one can see from

ORraOR mmr . —
T Gy (). (38)

The elastic background phas&; is taken in the form
analytical continuation of Eq.34) under theKK threshold 8z = 0p,..(m), whered~60°. The expressions like E7)
[11,29. That is why it is necessary to renormalize the massare commonly used for the fitting in the wide energy region.

in the Breit-Wigner formulas This fairly simple approximation works to advantage in the
fo resonance region both in thewr— 77 and in the
gf KK 7m— KK reactions. Therm— KK channel is the first im-
Mf20= m&— 167 (\/4mK+/mf -1+ \/4mKO/mf 1), portant inelastic channel of ther scattering in thes wave.

(35) Defying the relations

wheremfzo is the physical mass squaredao= 980 MeV and
=980 MeV) while Mfz0 is the bare mass squared. So, the
physical mass is heavier than the bare one. This circumstance Ookk=Y20 sk +K-= V20 ;KOKO: (39

Ot kk = V20t k+k— = V20t k0K,
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1.2 T I r — T T T T TABLE Ill. The branching ratios of theé— yay,— 7# decay in
Tlg - ﬂ' . the g?g” model. In the two last lines the parameters and results are
1.0 ry . listed for thess model of thef, meson. All dimensional quantities
i i are shown in units of GeV or G&VThe details are described in the
0.8 |- .
i { (L | | Sec V.
0.6 |- i
2
i gaoKJrK’
04T il e Teii Bag¥10% ©<0.25 B, X10% 0<0.1 m,
021 ] 147 0.056 1.78 0.86 0.98
00 L | 1.47 0.062 2.0 0.96 0.975
. 1 ) 1 ) 1 ) 1 " 1 1.47 0.067 2.22 1.05 0.97
0.8 1.0 1.2 1.4 1.6 1.8 1.47 0.047 1.535 0.74 0.985
(@) m_ (GeV) 1.47 0.051 1.25 0.58 0.99
0.72 0.039 1.05 0.65 0.98
AT T T T ] 072  0.034 0.9 0.55 0.985
0350 | - 0.72 0.037 0.72 0.42 0.99
60 300 I 0.72 0.043 1.19 0.75 0.975
[ i 2.25 0.067 2.3 0.96 0.98
250 - - 2.25 0.056 2.0 0.83 0.985
200 _ ] 2.25 0.075 2.6 1.06 0.975
L 1.78 0.04 1.78 0.86 0.98
150 - . 0.3 0.049 0.079 0.074 0.985
100 _ | 0.3 0.05 0.085 0.08 0.98
50 | .
ole : ols : 1'0 TRV T we get for inelasticity the expression
(6) m,. (GeV) =1, m<2my:,
0.25 I ' I ' I ' T T 1 1 I 4 I 0 5
79=N1=2p (M) picri- (M) Tl?,  2my+ <m<2myo,
.20 . 0 —
020 70=\1=2p 1o (M)[ p+k-(M) + prords(M) ][ T,
0.15 | ] m>2mgo, (40
% where the amplitude of the7— KK_process is
Q o0t -
£ : is ORr7OR'KK . —1
r B ] TKK_:eI BE —GRRr(m)' (41)
RR' 1677
0.05 | -
[ J ‘ 1 IV. RESULTS AND DISCUSSIONS
0.00 | -
A. f4(980) resonance
1 1 1 1 1 1 1 1 1 L 1 1 1 1
0.00 0.05 010 0415 0.20 0.25 0.30 0.35 In the four-quark model we consider the following param-
(c) m,, (GeV) eters as free: the coupling constant of fiemeson to the

KK channelgy +-, the coupling constant of the meson

FIG. 5. The results of fitting in the model of thek molecule  to the =7 channel Jorm, the constanthoa, the ratio
for the parameter§=58°, I';=0.1 GeV,gf0K+K_/47r:O.6 GeV,

Uoroldm=2.15 GeV, m, =148 Gev.m;,=0.98 GeV. The effec- and theo meson mass. The mass of tfig meson is re
tive width of the f, meson [@';4=30MeV. The 7 ) &

i i . <0. .
By, . ,(Br,) =3B(d— Y(Fot 0)— ym0mO)(3B(h— yFo—s ymOm)) stricted to the region 0 Qﬂmfo 0.99 GeV. We treat the

=1.21(1.53)10°° at <250 MeV andB; . ,(B;)=0.91(1.13) ~MESON as an ordinary two-quark state the coupling constant
X 1075 at w<100 MeV. (a) The inelasticity| =%. (b) The phase Of which with theKK channel must be related in the naive
529, (o) The spectrum of the differential cross section quark model to the constantg,,,. One gets
do(ete = y(fo+ o) — yn°7%)/dw with the mixing of thefy and ~ Jok+k-=Yon+-—/2. From the analyses of the radiative de-
o mesons, see E@26). The dashed line is the spectrum of the  cays of theJ/« meson it is evident that the strange quark
meson without mixing with the- meson. The cut of the angle of the production is suppressed by a factonef 1/2 in comparison
photon directionc=0.66 reduces the cross section by 43%. with u andd quarks[35]:

R=gf20K+K,/gfow+ﬂ,, the phase of the elastic background
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TABLE IV. The branching ratios of theé— ya,— 77 decay in the model of thK molecule. All dimensional guantities are shown in
units of GeV or GeV. The details are described in Sec. IV.

2
Gagk+K-

47 | | Ba, X 10°; ©<0.25 B,, X 10°; 0<0.1 Mg,
0.6 0.05 0.027 0.85 0.73 0.975
0.6 0.05 0.023 0.74 0.64 0.98
0.6 0.05 0.020 0.60 0.51 0.985
0.6 0.05 0.023 0.43 0.35 0.99

uudd:ss=1:1°\. (42)  fo=ss(uu+dd)/v2, the coupling of thef, meson to therm
channel is relatively suppressed. In this case one should con-
siderR=1,2 as a relative enhancement since the comparison
This leads to the additional suppression of the coupling conshould be made WitR:gfz K+K_/gf2 +.-=N4=1/8in the
stant of the o meson with the KK channel, g, x+x- case offo=(Uu+ dd_)/\/i ° °
= \Qy,+,12=0.35),.+,-. As it was found, the fitting 0 '
depends on the constag}«+x- very weakly and we drop
this constant. We do not consider the coupling of shme- as a pointlike object, i.e., in thEK loop, ¢— KK~ — yf,

son with thenn channel as well. In the naive quark model din th L d by th .

this coupling is relatively suppressed. If the angle of the2d 1N the transitions caused by the resonance mixing we
A . ' o consider both the real and the virtual intermediate states. It is

n—mn' mixing is chosen to be#,, =—18° one gets

The three last lines in Table | are devoted to $lsanodel
of the fy meson. In such a model ttig meson is considered

typical for thess model of thef, meson that the coupling

ga’ 2(\/5/3)90'71"*'71'_' H . . .
me use the data presented in parié 3§ for the fitting with the 77 channel is relatively suppressed. In this sense

of the pha5658 of 7r7r scattering and the data presented in

papers 37,39 for fitting the inelasticityS. 0.8k
The fitting shows that in the four-quark model a number

of parameters describe well enough the scattering in the 0.6

region 0.<m<1.8 GeV. Our results in thegfq?) model 2

are tabulated in Table I. In this table the following param- 2 g4

eters and predictions are listed: the effective widths offthe :g

meson I'g;, the branching ratios Bfo+U(Bfo)=3B(¢ % o2k

—y(fot 0)— Y770 [3B(dp— yfg— ym°70)] of the de-
cays ¢p— y(fo+o)— ymm and ¢p— yfo— ym# integrated 0.0 |
over the range O0Zm<m, (corresponding to
w<250 MeV) and taking into account the energy cut
<100 GeV (the range O.§m<m¢).5 Besides that we (
study the dependence of the fitting parameters on the mass of 1.0
the f, meson. All dimensional quantities in the tables are
presented in the units of GeV or in G&VThe picture for 0.8 |
one set of the parameters is shown in Fig. 4.

As is seen from Table I, one can change the effective
width of thefy, meson from the very narroW.4=10 MeV to
the relatively widel' =100 MeV, varying the parameters
in the four-quark model. The parameters of theneson are
approximately  unchanged m,=1.48 GeV, giml4w
=1.8 Ge\. The decay width of thesr meson to 2 is
I',.(m,)=300 MeV. Besides, it is seen that in spite of the 00
fo and o mixing the branching ratios of the decays
¢— yfo—ymm and ¢— y(fo+o)—ymm are approxi-
mately the same and have the order of 40

Recall that in the four-quark model the coupling of tye FIG. 6. The mass spectrum of the system in the
andf, states to th&KK channel is strong, superallowed by g+e-_, 4, ya,— ym7 reaction in theq?q? model. The dashed
Ozl rule [7,2], gfo(ao)/4ﬂ'21 Ge\?. Besides, in theg®d” Jine is the spectrundN/dm~ m?l ., /|Da (M)[2. (@) The constant
model, where thef, meson has a symbolic structure 9§0K+K—/47T=1-47 GeV, m,,=0.98 GeV. The effective width of

the a; meson I' .x=60 MeV. (b) The constantg§0K+K,/47T
=0.72 GeV, m,,=0.985 GeV. The effective width of the, me-
SNotice thatB(¢p— ym°7%) = (1/3)B(¢p— ym). sonl'¢=34 MeV.

arbitrary units
o o
E- (o]
) ' I N

©
[N}
—
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1.0 | . 4
0.8 I
0.6

0.4 -

arbitrary units

0.2

0.0 -

0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15

(a) m (GeV)

FIG. 7. The mass spectrum of therr system in the
ete”— ¢p— y(fo+ o) — ymar reaction in they?q? model. The dot-
ted line is the mass spectrum without mixing with theneson. The
dashed line is the spectrurdN/dm~m?T . /|[D¢ ()% (a)
6=45°, R=2, g$0K+K_/4w:1.47 GeV, g2, /4m=1.76 GeV,
Ci,o=—0.31 GeV, m,=1.38 GeV,m; =0.985 GeV. The effec-
tive width of the f; mesonT =85 MeV. (b) #=60°, R=8,
ngKtK,/4w:2.25 GeV, g2 l4m=1.76 GeV, Ci,o=—031
GeV?, m,=1.47 GeV,m; =0.98 GeV. The effective width of the
fo mesonl’ =25 MeV.

this model is different from the’q” model by the small
coupling constant Of ok K- only, in the ss model
ngK+K_/47-r~0.3 Ge\.. The small coupling constant
Ot kK- arises from the requirement of the relation betwee
constantsya -, andngKﬂC in the two-quark model. If the
angle of then— »" mixing is chosen to bé,,,, = —18° one
gets gao,r,?=2 cos(HW+0p)gaoK+K7=1 6gaoK+K7, where
0,=54.3° is the “ideal” mixing angle. Taking into account

that in the ss model the gs KK = fga K+k- Oone gets
Jagmy= 1.13r k+k— The requirement, that the
I'(ag— 77)<0.1 GeV, leads to the constraint

gfzoK*K’/47T<0'5 GeV,. As it is seen from Table |, in thes
model of the f; meson the branching ratiB(¢— y(fg
+0)— ymm)=5x10"°, o

Notice again that the structurgy=(uu+dd)/v2 with
R=1/4—1/8 is eliminated completely by the data on the
scattering The data on thew scattering permit the ratio
R=g’ K+K,/gf .=+ (0 range over the relatively large inter-
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FIG. 8. The phase and inelasticity of ther scattering for the
same parametres as in Figay

pected previously, se,9,12. This is due to the fact that
previous experimental data pointed in favor of the narrow
structure of thef; mesonl .3=20—50 MeV [36]. But now,
in the decays of thd/¢ meson, in the reactiod/ y— ¢f
[40], the f4(980) peak withl" .4=80 MeV is observed. The
recent GAMS data on the reaction” p— 7’#°n [32] at
large momentum transfer show thg(980) peaks with
I'e=50 MeV. In this reaction the E852 Collaboratipfl]
also observes théy(980) peak withl'4=61+18 MeV at
large momentum transfer.

In view of this, fitting the data on therrr scattering, we
considered also relatively sm&tl (R=1—15) which leads to

"the I'=100 MeV.

The parameter set for the model of tK& molecule is
tabulated in Table Il and the illustrative graphics are shown
in Fig. 5.

As seen in Table Il, the data on ther scattering in the
model of theKK molecule permit,z=10—30 MeV which
is likely for the boundKK state. Those values of the effec-
tive widths could be achieved with different parameters of
the KK model. In this case, the branching ratios of the de-
cays ¢p— yfo— ymm and ¢p— y(fy+ o)— yma remain ap-
proximately the same and have the order of 10

Notice that the parameters obtained for theeson are in
good agreement with those discussed in the literature for the
€(1300 meson 36|, currently known as th&,(1300)[17] or

fo(1370)[31] meson. Among all decay channels of this par-
ticle we have considered the mainm only, I',. (m,)

val: R 1-20. This interval is somewhat larger than ex- =300 MeV. The channelKK and »#, as it was found, are
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relatively suppressed and change the parameters of the fitting

very weakly. The influence of theAchannel we analyzed

separately and found that the account of it does not change

our results essentially.

The decay width of ther meson to 4 was approximated
by the polynomialmI’,,(m)=0.32<x(m—0.7)(m—0.6) so
that I'y.(m,=1.5)=150 MeV andTI',,(m=0.7)=0. The
analyses of the decaly(1520)— 47 shows that a such ap-
proximation is rather resonable, sp#2]. The account of
imI’,.(m) in the propagator of ther meson leads to the
increasing of the coupling constagt.,., and thee meson
become  correspondingly  wider ' ,(m,)=TI"5_.(m,)
+I'4.(m,)=550 MeV. The branching ratios of the decays
¢— yfo— ymm and ¢p— y(fy+o0)— ymm are changed by
8% and our main results, after taking into account the 4
channel, remain unchanged.

It is seen from Tables | and Il that the regions of the

constantsy¢ y+ - andgfo,ﬁﬁf in the four-quark model and

in the model of theKK molecule overlap. It does not mean,
of course, that in this case the models are the same since

the model of th&K K molecule we consider the real interme-
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Otk k- =V20ak ks  Yagkok0= ~Gagk K-
Jagmn= 29agk k-COL O+ 0,,)=1.605 k+k -
gaoﬁn’:2g30K+K_Sir( 0p+ 0777;’):1-29a0K+K‘- (44)

Recall that in this case theé— ya,— m» decay is sup-
pressed by the OZI rule, as discussed in the Introduction.
The OZI suppression means that the real part ofkHe ~

loop is compensated by the virtual intermediate states
K**K™, K"K*~, K* "K*~ and so on. Because there is a
real two-particle intermediaté “K ™~ state the OZI rule vio-
lating imaginary part of the decay amplitude is relatively
large[9]. In view of this, we consider the imaginary part of
the ¢— yay(qq) decay amplitude only. As one can see from
Table 1l in the two-quark model of tha, meson the
B(¢— yag— ymn)=8x10°

In the model of the KK molecule the relations

? JKOKO= ~0a KK~ and Jagk +k~=Jfk+k~ are valid, in
ﬁis caseB(¢p— yao— ymn)~107°. The results are listed
in Table IV.

diate states only in the the transitions caused by the reso-
nance mixing due to the final state interaction. The suppres-

sion of the virtual states is typical for an extended molecule.

At the same time, in thgZq? model we consider both the
real and the virtual intermediate states.

B. a5(980 resonance

As for the reactiore™e™ — ym’# the similar analysis of

C. Metamorphosis of theay(980) and f,(980) resonances

In this section we would like to discuss the definition of
the scalar resonance effective widths listed in the tables.

According to the current view, away from the thresholds
of the reactions the production amplitude of the scalar reso-
nance has the fornA=g;g;/(s— m§+imRF), where the
quantitiesg; ,g; are the constants. So, the form of the reso-

the 77 scattering cannot be performed directly. But, ournance defined by Breit-Wigner formulas has a universal form
analysis of the final state interaction for tfig meson pro- and is described by the two parameters: the mass and the
duction show that the situation does not changed radically, igvidth. Most resonances, especially narrow ones, satisfy this
any case in the regiom<<100 MeV. Hence, one can hope condition of universality and are adequately described by the

that the final state interaction in thed e” — yay— ym re-
action will not strongly affect the predictions in the region
®»<100 MeV.

Recall that in the four-quark_ model tte meson has a
symbolic structureap=sguu—dd)/v2 and the following
relations are valid2,9]:

Gagkok0= ~Gagktk—r  Gagk k= =01 KK

Jagry=Y29a k+k-SINOp+ 6,,) =0.850, k+k-,

gaoﬂ.,’]/ = _\/igaOKJrK*COq 0p+ 67]77/) = — 1.l:gaOK+K7.
(43

Based on the analysis af# scattering with regard to Eq.
(43) we predict the quantities of thB(¢— yag— y7#) in
the g°g% model. The results are shown in Table IlI.

In the propagator of the, meson we _consider the final
width corrections corresponding then, KK, 7%’ channels,
see Eq(30). As is seen from Table IlI, in thgZq? model of
the ay meson theB(¢p— yag— ymn)=10*.

The last two lines in Table Il relate to trss model of the
fo meson in which thea, meson is treated as a two-quark
(uu—dd)/v2 state. In this modd2,9]

Breit-Wigner form. But, such a simple situation is not always
true.

The availability of the channels in the immediate vicinity
of the resonance point, with which the resonance strongly
couples, leads to energy-dependegntg; quantities. Also,
the denominator becomes an intricate function of the energy,
see Eqgs(29) and(30), in which both the real and imaginary
parts vary rapidly. This leads to a considerable distortion of
the simple Breit-Wigner formulas, s¢&,30,43. The prop-
erty of the universality is lost in this case, the resonance
form, in particular the visible width, depends on the specific
production mode of the resonance.

This phenomena can be brightly demonstrated by the ex-
ample of the scalaa, andf, resonances.

In the peripheral production of tre meson, for example,
in the reaction p— m°7n, the mass spectrum of they
system is determined by the expression

2

dN,, MTam,(m)

dm ~ [Da (m)[? "

(45

where m is the mass of theryn system. In Table Il the
effective widths corresponding to this distribution are listed
(in the four-quark modelgaom,zo.BEgaowa). In the

ete — ¢p— ya,— ymy reaction the mass spectrum of the
7rn system is determined by the expression
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dog,  a®m (mj)?[g(m)|® 2 /1 4m?
m = 1675 | T, DR S™) m?
C3 gaOK’fK‘gaoﬂ-on 2H 46
X C+§ W (Sawmin)- ( )

For the constant listed in Table IlI, g§0K+K,/4w>1 Ge\?

in the g?g% model, the visible width of the mass spectrum of
the 77 system is twice as large as the effective one deter-
mined by Eq.(45). For illustration those two spectrum are

depicted together in Fig.(8).

So, considering the specific resonance production mech

nism (the one charge kaon loop productiamdens the spec-
trum twice as much.

Notice that such an effect is especially strong at the larg%ceable The illu
coupling constants, i.e., in the four-quark model. With the )
coupling constant decrease the effect dies out, for exampl

at theg§0K+K,/4w=0.72 GeV, as itis seen in Fig.(®), the
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For thef, resonance the situation is somewhat the same
with the difference that the width of the resonance depends
on the free parametdR. At the R=1-3 the resonance is
relatively wide and the distinction between the widths of the
7 mass spectra in thet e” — ¢— y7a reaction and in the
distribution

dN,_. MLy on(m)
dm ~ [Dy,(m)?

(47)

S strong, see Fig.(@). The phase and the inelasticity are
shown in Fig. 8 in this case. At large, when the effective
resonance width'.~30 MeV, the difference is not so no-
strative picture is shown in the Figb)7

e Notice that when analyzing the definite processes it is
feeded to take into account the initial and final state interac-
tions. Let us consider th&, production in thel/s decay,

width of the mass spectrum of then system is one and a where the peak with the visible widti=80 MeV is ob-

half as large as the one determined by Eth), and at the
g§0K+K,/4Tr=O.3 GeV this effect is negligible.

dN7T1T mzrfoﬂ'ﬂ'(m) DO'(m)+(1+X)Hfoa'(m)+X(go'ﬂ'ﬂ'/gfoﬂ'w)Dfo(m)‘ 2

served 40]. The spectrum of thersr system is determined by
the expression

dm D¢ (m)[?

wherey is a relative weight of the- meson production. For
the width of Eq.(48) to be the visible widtH"=80 MeV one
needs to take not only the effective widiliz=80 MeV, but
to considery=1 as well. If one considers that tlsemeson is
not produced in the initial state, i.e¢=0, but is produced as
a result of the mixing with thd, meson only in the final
state, then the visible width of the spectrum E&B) is equal
to I'=40 MeV.

V. CONCLUSION

We have shown that the vector meson contribution

ete =V 7V 0= y7%70%( %) to theeTe™ — yw?#0( %)
reaction is negligible in comparison with the scafgta,)
meson one ete — ¢— yfy(ag) — y7°7°(n) for B(¢p
— yfo(ap)) greater than %10 6(10° %), in the photon en-
ergy region less than 100 MeV.

Based on the two-channel analysis of the scattering
we predict for the¢p— y(fo+ o) — ymar reaction in the re-
gion 0.7<m<m, that theB(¢— y(fo+0)— ymm)~10"*
andB(¢— yag— ymn)~10"* in the g°q* model.

In the model of the KK molecule we get
B(¢—>57(fo+0)—>77r77)~10’5 and B(¢— yag— ym)
~107°,

In the two-quarkss model of thef, meson we obtain
B(¢p— y(fo+ 0)— ymrm)=5%x10 ° and taking into account

M) =TI /D¢ (m) (49

the imaginary part of the decay amplitude only, as the main
one, we geB(¢— yag(qq)— ym7)=8x1075.

Notice that the variants listed in Table | describe equally
well the 7 scattering data, see, for example, Figs. 4 and 8.
We could not find the parameters at which the data on the
7 scattering are described well but thB(d— y(fg
+0)—ymm) is less then 10°. Or, more precisely, we
could get B(¢p— y(fo+0)— ymrm)=10"° only if we
droped out the real part of th& K~ loop in the
¢—K K™ — y(fyo+ o) decay amplitude, otherwise we got
B(¢— y(fo+0o)— ymrm)=4.5x10 °, see Table |. Forget-
ting the possible models, one can say that fromshescat-
tering resultsB(¢— y(fo+ o) — ymrm)=10"°, that is enor-
mous for the suppressed by the OZI rule decay.
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APPENDIX

The functionf ,(m), taking into account the interference
of the identical pions, see Fig. 1, has the integral presentation



56 SEARCH FOR THE SCALARay AND f, MESONS N.. .. 4097

3 m D,(m)
M =1 gop7e J; Re( D,

—py)—2w(E.—py)?—2mnt]

)(y[(s—Zmz)(E+

+g(zz+m2—s)(1—y2))2d2, (A1)

where

p=\[s—(m-m,)?I[s—(m+m,)?}/2m, w=(m?—m3)/2m,
E,=(s—mi—m?)/2m, Z?=mi+2w(E,—py), m*=2m’+2m,o—m?. (A2)

The functionf ,(m) is resulted from Eq(A1) by replacemenbD ,(m)—D ,(m).
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