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It is shown that the reactionse1e2→gp0p0(h) give a good chance for observing the scalara0 and f 0

mesons. In the photon energy region less than 100 MeV the vector meson contributions
e1e2→V0→p0V80→gp0p0(h) are negligible in comparison with the scalar mesone1e2→f
→g f 0(a0)→gp0p0(h) for B„f→g f 0(a0)→gp0p0(h)… greater than 531026 (1025). Using the two-
channel treatment of thepp scattering the predictions forB„f→g( f 01s)→gpp… are derived. The four-
quark model, the model of theKK̄ molecule, and thess̄ model of scalarf 0 and a0 mesons are discussed.
@S0556-2821~97!00919-3#

PACS number~s!: 12.39.2x, 13.40.Hq. 13.65.1i

I. INTRODUCTION

The central problem of light hadron spectroscopy has
been the problem of the scalarf 0(980) anda0(980) mesons.
It is well known that these states possess peculiar properties
from the naive quark (qq̄) model point of view, see, for
example, the reviews@1–5#. To clarify the nature of these
mesons a number of models have been suggested. It was
shown that all their challenging properties could be under-
stood @2,5,6# in the framework of the four-quark (q2q̄2)
MIT-bag model @7#, with symbolic quark structure
f 0(980)5ss̄(uū1dd̄)/& and a0(980)5ss̄(uū2dd̄)/&.
Along with theq2q̄2 nature ofa0(980) andf 0(980) mesons
the possibility of their being theKK̄ molecule is discussed
@8#.

During the last few years it was established@9–12# that
the radiative decays of thef mesonf→g f 0→gpp and
f→ga0→ghp could be a good guideline in distinguishing
the f 0 anda0 meson models. The branching ratios are con-
siderably different in the cases of naive quark, four-quark, or
molecular models. As has been shown@9#, in the four-quark
model the branching ratio is

B„f→g f 0~q2q̄2!→gpp….B„f→ga0~q2q̄2!→gph…

;1024, ~1!

and in theKK̄ molecule model it is@10,11#

B„f→g f 0~KK̄ !→gpp….B„f→ga0~KK̄ !→gph…

;1025. ~2!

Currently also an interest in an old interpretation of thef 0
meson being anss̄state, see,@13,14# is rekindled, despite the
fact that the almost ideal mass degeneracy of thef 0 anda0
mesons is difficult to understand in this case. By adding the

quark-gluon transitionsqq̄↔gg one does not manage this
problem. The experiment points rather to the fact that thef 0
meson is weakly coupled with gluons. Really, according to
QCD @15# we have

B~J/c→g1gg in 01 or 02 states!51.531022,
~3!

but from experiment@16#

B~J/c→ggg→g f 0→gpp!,1.431025 ~4!

and @17#

B„J/c→ggg→gh8~958!…54.331023. ~5!

Hence, if one considers that theh8(958) coupling with
gluons is essential, then thef 0(980) coupling with the gluons
should be considered as rather weak.

In spite of this fact, thess̄ scenario is discussed in the
current literature as one possible model of thef 0 meson
structure. The ‘‘accidental’’ mass degeneracy ofa0 and f 0
mesons in this case is assigned to the final state interaction.

It is easy to note that in the case of anss̄ structure of the
f 0 mesonB(f→g f 0→gpp) and B(f→ga0→gph) are
different by factor of 10, which should be visible experimen-
tally. Really, thea0 meson as an isovector state has a sym-
bolic structurea05(uū2dd̄)/& in the two-quark model. In
this case the decayf→ga0→gph is suppressed by the
Okubo-Zweig-Iizuka~OZI! rule and the rough estimation for
the real part of the decay amplitude gives@12#
B(f→ga0(qq̄)→gph);331027.

By virtue of the real two-particleK1K2 intermediate
state the OZI rule breaking imaginary part of the decay am-
plitude is relatively high and gives@9#

B„f→ga0~qq̄!→gph).531026. ~6!

In the case whenf 05ss̄ the suppression by the OZI rule
is absent and the evaluation gives@9#
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B„f→g f 0~ss̄!→gpp).531025. ~7!

Let us note that in the case of thef→gh8 decay allowed by
the OZI rule one expectsB(f→gh8).1024.

So, the decaysf→g f 0→gpp and f→ga0→ghp are
of special interest for both theorists and the experimentalists.

At the present time the investigation of the
f→g f 0→gp1p2 decay has started with the detector
CMD-2 @18# at thee1e2-collider VEPP-2M in Novosibirsk.
Besides that, in Novosibirsk at the same collider the detector
SND has started @19# and has been working with
e1e2→g f 0→gp0p0 ande1e2→ga0→ghp0 decays. The
modernization of the VEPP-2M complex is planned to in-
crease the luminosity by one order of magnitude@17#. And,
finally, in the near future in Frascati the start of the operation
of the f-factory DAFNE is expected@17#, which should
make possible extensive studies of the scalarf 0(980) and
a0(980) mesons.

We have shown recently@20# that the search for thef 0
meson in the reactione1e2→f→g f 0→gp1p2 is not an
easy task because of the large initial state radiation back-
ground. In this paper we study the reactionse1e2→
f→g( f 01s)→gp0p0 ande1e2→f→ga0→gp0h.

In the second part of the paper, imposing the appropriate
photon energy cutsv,100 MeV, we show that the back-
ground reactionse1e2→r(v)→p0v(r)→gp0p0, e1e2

→r(v)→p0v(r)→gp0h, and e1e2→f→p0r
→gp0p0(h) are negligible up to B„f→g f 0(a0)
→gp0p0(h),v,100 MeV…;531026(1025). We assume
that it will be experimentally possible to isolate photons from
f→g f 0 and f→ga0 with energiesv,100 MeV, despite
the background of the other photons from decays ofp0 and
h. This cut plays a strong role in suppression of background,
see Sec. II below.

In the third part, basing on a two-channel analysis of the
pp scattering the predictions onB„f→g( f 01s)→gpp…

are made. We discuss the four-quark model of thef 0 anda0

mesons, the model of theKK̄ molecules, and the model of
the f 0 meson being thess̄ state as well.

The fourth part is devoted to discussions of the obtained
results.

II. BACKGROUND TO THE e1e2
˜gf 0„a0…˜gp0p0

„h…

REACTION IN THE VECTOR MESON DOMINANCE
MODEL

Let us consider the background to thee1e2→g f 0
→gp0p0 reaction. In the vector meson dominance model
the diagrams are pictured in Fig. 1. Let us estimate the cross
section of thee1e2→r→p0v→p0p0g process, shown in
Fig. 1~a!. First of all, notice that

s~e1e2→r→p0v→p0p0g,mf!

5s~e1e2→r→p0v,mf!

3
2

p E
mmin

mmax m2Gvpg~m!Lv
3/2f v~m!dm

umv
2 2m22 iGvmu2

, ~8!

where

Gvpg~m!5Gvpg~mv!S mv

m D 3 ~m22mp
2 !3

~mv
2 2mp

2 !3 ,

Lv5
@mf

2 2~mp2m!2#@mf
2 2~mp1m!2#

@mf
2 2~mp2mv!2#@mf

2 2~mp1mv!2#
, ~9!

andm is the invariant mass of thepg system. The limits of
the integration are taken with regard to the photon
energy cuts mmin.Amp

2 12mp
2 vmin /mf5mp and mmax

.Amp
2 12mfvmax50.471 GeV. The functionf v(m) takes

into account the interference of the identical pions, see the
Appendix.

The cross section of thee1e2→r→p0v process

s~e1e2→r→p0v,s!

512pa
G~r→e1e2,s!G~r→p0v,s!

uDr~s!u2
, ~10!

whereG(r→e1e2,s) is defined in Eq.~25! and

FIG. 1. The diagrams of the background to thee1e2

→g f 0→gp0p0 process in the vector dominance model.
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G~r→p0v,s!5
grpv

2

96psAs
$@s2~mv2mp!2#

3@s2~mv1mp!2#%3/2. ~11!

The coupling constantgrpv is taken from the width of the
decayv→pg data that leads togrpv

2 /96p50.452 GeV22.
In the propagatorDr we are taking into account the energy
dependence of ther meson width

Dr~s!5mr
22s2 is

grpp
2

48p S 12
4mp

2

s D 3/2

. ~12!

The constant a is taken from the condition
s(e1e2→p0v,As50.97)56.1 nb, see@21#, that leads to
a52.02.

From the above, the cross section
s(e1e2→r→p0v,mf)56.46 nb. The cross section of the
e1e2→r→p0v→p0p0g process is

s~e1e2→r→p0v→p0p0g,mf!56.131024 nb
~13!

in the region of interest 0,v,100 MeV. Analogously let
us consider thee1e2→v→p0r→gp0p0 process, see Fig.
1~b!. First, we have

s~e1e2→v→p0r→p0p0g,mf!

5s~e1e2→v→p0r,mf!

3
2

p E
mmin

mmax m2Grp0g~m!Lr
3/2f r~m!dm

uDr~m!u2
, ~14!

where

Grp0g~m!5Grp0g~mr!S mr

m D 3 ~m22mp
2 !3

~mr
22mp

2 !3 ,

Lr5
@mf

2 2~mp2m!2#@mf
2 2~mp1m!2#

@mf
2 2~mp2mr!2#@mf

2 2~mp1mr!2#
. ~15!

The cross section of thee1e2→v→p0r0 process is

s~e1e2→v→p0r,s!

512pb
G~v→e1e2,s!G~v→p0r,s!

uDv~s!u2 . ~16!

The constant b is found from the condition
s(e1e2→v→p0p1p2;As51.09) . s(e1e2→v→p0r;
As51.09).2.4 nb, see@21#, that leads tob54.7. In view of
it the cross sections(e1e2→v→p0r;mf).2.2 nb. For
the cross section of thee1e2→v→p0r→gp0p0 process
in the photon energy region 0,v,100 MeV, see Eq.~14!,
one has

s~e1e2→v→p0r→gp0p0,mf!53.231025 nb.
~17!

The cross section of thee1e2→f→p0r0→gp0p0 pro-
cess, see Fig. 1~c!, in the f meson region at
0,v,100 MeV is

s~e1e2→f→p0r→gp0p0,mf!

5s~e1e2→f→p0r,mf!

3
2

p E
mmin

mmax m2Grp0g~m!Lr
3/2f r~m!dm

uDr~m!u2

,2.631023 nb, ~18!

where1 B(f→p0r0→gp0p0,v,100 MeV),6.431027.
In principle, the interference between the amplitudes

e1e2→V→gV8→gp0p0 may be essential, but, as it is
seen from Eq.~13!, Eq. ~17!, and Eq.~18!, in studies of the
background to thee1e2→g f 0→gp0p0 reaction one can
neglect the contributions of the e1e2→r(v)
→p0v(r)→p0p0g processes and the question of their in-
terference no longer arises.

Hence, taking into account thats(e1e2→f→all)
54.43103 nb, the background processes
e1e2→V0→p0V80→gp0p0 are negligible compared to
the one under study e1e2→g f 0→gp0p0 up to2

B(f→g f 0→gp0p0)5531026.
As for the interference between the primary process

e1e2→g f 0→gp0p0 and the background process
e1e2→f→p0r→gp0p0, 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,v,100 MeV while the contribution of the primary pro-
cess in this region is less than 20% in the worst case when
the f 0 meson is relatively wide, see Sec. IV.

Let us consider the background to thee1e2→ga0
→gp0h reaction. It is easy to show that in this case, as in
the case of the reactione1e2→g f 0→gp0p0, the process
e1e2→f→p0r→gp0h is dominant. The cross sections of
the processese1e2→r(v)→hr(v)→gp0h, see Fig. 2,
are by two orders of magnitude less than the cross sections of
the processese1e2→r(v)→p0v(r)→gp0h. The cross
sections of the processese1e2→r(v)→p0v(r)→gp0h,
in turn, are by two orders of magnitude less than the cross
section of the processe1e2→f→p0r→gp0h. In com-
parison with the processe1e2→f→p0r→gp0h the cross
section of the processe1e2→f→hf→gp0h is sup-
pressed by two orders of magnitude also.

The cross section of the processe1e2→f
→p0r→gp0h

1Taking into account the positive interference one has
B(f→p0r0),(1/3)B(f→pr).

2Let us emphasize that we essentially use the photon energy cuts
in our analyses. For comparison we notice that after integration
over all spectrumB(f→p0r0→gp0p0).1025 @9,22–24#.
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s~e1e2→f→p0r→p0hg,mf!

5s~e1e2→f→p0r,mf!

3
2

p E
mmin

mmax m2Grhg~m!Lr
3/2dm

uDru2 . ~19!

Let us take into account that

2

p E
mmin

mmax m2Grhg~m!Lr
3/2dm

uDru2
53.531025, ~20!

where

Grhg~m!5Grhg~mr!S mr

m D 3 ~m22mh
2 !3

~mr
22mh

2 !3 , ~21!

and m is the invariant mass of thehg system. The inte-
gration limits are taken with regard to the photon
energy cuts mmin.Amh

212mp
2 vmin /mf5mh and mmax

.Amh
212mfvmax50.71 GeV.

Taking into account that s(e1e2→f→p0r,mf)
,182 nb, for the cross section of the process
e1e2→f→p0r→p0hg in the regionv,100 MeV one
gets

s~e1e2→f→p0r→p0hg,mf!,6.3731023 nb,
~22!

which corresponds toB(f→p0r0→gp0h,v,100 MeV)
,1.531026.

So, the processese1e2→V0→p0V80→gp0h and
e1e2→V0→hV80→gp0h which are the background to
e1e2→ga0→gp0h are negligible forB(f→ga0→gp0h)
greater than 1025.

As for the interference between thee1e2→ga0→gp0h
and e1e2→f→p0r→gp0h 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 70,v,100 MeV while the contribution of the
primary process in this region is less than 20% in the worst
case when thea0 meson is relatively wide, see Sec. IV.

Notice that if it should be possible to choose a cut on
photon energyv,50 MeV the background would be one

FIG. 2. The diagrams of the background to thee1e2→ga0→gp0h process in the vector dominance model.
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order of magnitude less than previously stated while the pri-
mary processese1e2→f→g f 0(a0)→gp0p0(h) would
not decrease considerably.

III. MIXING f 0 AND s MESONS

A. q2q̄ 2 and qq̄ models

The background from processese1e2→V0→p0V80

→gp0p0(h) described above are negligible up to
B„f→gp0p0(h),v,100 MeV…5531026(1025). In the
meantime the one-loop calculation in the frame of the chiral
perturbation theory of B„f→gKK̄→gpp(h)… at
v,100 MeV leads to the number of 1025 order of magni-
tude, see@25#. So, in such a theory the strong interference
effects with the reactionf→g f 0(a0)→gpp(h) are pre-
dicted. But one cannot restrict oneself to the one-loop ap-
proximation only in the region discussed (;1 GeV), see, for
example,@26#. In view of the fact that all the corrections to
the amplitude in the chiral model cannot be taken into ac-
count, we treat them in the phenomenological way consider-
ing the scalar particle calleds meson that is strongly coupled
with pp channel and, in view of mixing with thef 0 meson,
can change considerably the photon energy differential cross
section. The parameters of thes meson we obtain from fit-
ting thepp scattering data.

Let us consider the reactione1e2→f→g( f 01s)
→gp0p0 with regard to the mixing of thef 0 ands mesons.
Below is the formalism in the frame of which we study this
problem.

We consider the one-loop mechanism of theR meson
production, whereR5 f 0 , s, through the charged kaon loop,
f→K1K2→gR, see @9–12#. The symbolic diagram is
shown in Fig. 3~a!. The amplitudef→gR in the rest frame
of the thef meson is parametrized in the following manner:

M5g~m!gRK1K2eW~f!eW~g!, ~23!

wherem25(k11k2)25s22Asv is the invariant mass of the
pp system,eW (f) andeW (g) are the polarization vectors of the

f meson and photon, respectively. The expression of the
g(m) function obtained in the four-quark (q2q̄2) model is
written down in@9#.3

Notice that in the four-quark and two-quark models the
scalar mesons are considered to be pointlike objects@9,12#
but in the model of theKK̄ molecule they are considered as
extended ones@8#.

Taking into account the mixing of thef 0 ands mesons,
the amplitude of the reaction e1(p1)e2(p2)→f
→g( f 01s)→g(q)p0(k1)p0(k2) is written in the follow-
ing way @2,27#:

M5eū~2p1!gmu~p2!
emf

2

f f

eidB

sDf~s!
g~m!

3S e~g!m2qm
e~g!p

pq D
3(

RR8
@gRK1K2GRR8

21
~m!gR8p0p0#, ~24!

where s5p25(p11p2)2, gR(m);(pq)→0 at (pq)→0,
anddB is the phase of the elastic background, see Eq.~41!.
The constantf f is related to the electron width of the vector
meson decay

G~V→e1e2,s!5
4pa2

3 S mV
2

f V
D 2 1

sAs
. ~25!

For the differential cross section one gets

dsf

dv
5

a2v

8ps2 S mf
2

f f
D 2 ug~m!u2

uDf~s!u2
A12

4mp
2

m2 S c1
c3

3 DU
3For convenience, in this paper, we use a different parametrization

of the amplitude~23!. Please, compare with@9,11,12,20#.

FIG. 3. The symbolic diagrams of thee1e2→f→g( f 01s)→gpp process with regard to thef 0 ands mesons mixing.
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3U(
RR8

~gRK1K2GRR8
21 gR8p0p0!U2

H~s,vmin!, ~26!

wherev5uqW u is the energy of the photon,c is the cut on
cosug , whereug is the angle between the photon momentum
direction and the beam in the center of mass frame of the
considered reaction:2c<cosug<c. The functionH(s,vmin)
takes into account the radiative corrections, the contribution
of which is about 20%@28#:

H~s,vmin!5
1

u12P~s!u2 F11
2a

p S ~L21!ln
2vmin

As

1
3

4
L1

p2

6
21D G , ~27!

wherevmin is the minimal photon energy registered in the
experiment,L5 ln(s/me

2) is the ‘‘main’’ logarithm. The elec-
tron vacuum polarization to the one order ofa is

P~s!5
a

3p S L2
5

3D , ~28!

the contribution of the muon and light hadron has been omit-
ted. Describing the photon spectrum, we shall use the photon
energy cuts 20,v,100 MeV that allow the separation of
the signal from the other states contributing in the differen-
tial cross section. But, calculating the branching ratios of the
processes, we shall neglect thevmin , as was done above, and
use the photon energy cutv,100 MeV.

The matrix of the inverse propagator has the form

GRR8~m!5S D f 0
~m! 2P f 0s~m!

2Ps f 0
~m! Ds~m!

D .

For the propagator of the scalar particle we use the ex-
pression

DR~m!5mR
22m21(

ab
gRab@RePR

ab~mR
2 !2PR

ab~m!#,

~29!

where (abgRab@RePR
ab(mR

2)2PR
ab(m)#5PR(m)5PRR(m) takes

into account the finite width corrections of the resonance
which are the one-loop contribution to the self-energy of the
R resonance from the two-particle intermediateab states. In
theq2q̄2 model of the scalar particle and in the model of the
KK̄ molecule thef 0 and a0 mesons are strongly coupled
with the KK̄ channel, since they are just under the threshold
of this channel. The ordinary resonance expression of the
propagator, in view of this coupling, is changed considerably
and the account of(abgRab@RePR

ab(mR
2)2PR

ab(m)# corrections
is necessary, see@2,9,11,29#. Notice that the expression~26!
for mixing of the f 0 and s mesons takes into account all
orders of the perturbation theory, the symbolic diagrams are
shown in Fig. 3.

For the pseudoscalarab mesons andma>mb , m2.m1
2

one has

TABLE I. The results in theq2q̄2 model. In the last three lines the parameters and results are listed for thess̄ model of thef 0 meson.
All dimensional quantities are shown in units of GeV or GeV2. The details are described in Sec. IV.

u R

gf0K1K2
2

4p

gspp
2

4p ms 2Cf 0s Geff Bf 01s(Bf 0
)3104 Bf 01s(Bf 0

)3104; v,0.1 mf 0

45° 2.0 1.47 1.76 1.38 0.31 0.095 1.05~0.95! 0.71~0.76! 0.98
45° 2.0 1.47 1.76 1.38 0.31 0.100 1.21~1.14! 0.81~0.91! 0.975
45° 2.0 1.47 1.76 1.38 0.31 0.110 2.36~3.0! 0.9~0.83! 0.970
45° 2.0 1.47 1.76 1.38 0.31 0.085 1.67~2.32! 0.59~0.68! 0.985
50° 2.0 1.47 1.76 1.4 0.28 0.090 1.41~2.00! 0.49~0.59! 0.990
60° 2.0 0.72 1.76 1.47 0.17 0.060 1.18~1.43! 0.63~0.6! 0.98
60° 2.0 0.72 1.76 1.47 0.17 0.055 1.01~1.27! 0.52~0.54! 0.985
60° 2.0 0.72 1.76 1.47 0.17 0.060 0.81~1.09! 0.39~0.45! 0.990
60° 2.0 0.72 1.76 1.47 0.17 0.070 1.34~1.56! 0.73~0.66! 0.975
55° 4.0 1.47 2.1 1.47 0.31 0.042 1.6~2.05! 0.76~0.97! 0.980
50° 4.0 4.25 1.76 1.47 0.31 0.061 2.9~3.8! 1.24~1.22! 0.980
60° 8.0 2.25 1.76 1.47 0.31 0.025 2.74~3.36! 1.0~0.79! 0.98
60° 8.0 2.25 1.91 1.49 0.31 0.017 2.39~3.04! 0.75~0.74! 0.985
60° 8.0 2.25 1.91 1.49 0.31 0.030 3.06~3.63! 1.22~0.83! 0.975
60° 9.0 0.72 2.0 1.48 0.29 0.015 1.11~1.43! 0.68~0.6! 0.98
60° 9.0 0.72 2.0 1.48 0.29 0.010 0.97~1.27! 0.54~0.54! 0.985
60° 9.0 0.72 2.0 1.48 0.29 0.005 0.82~1.1! 0.38~0.45! 0.990
60° 15.0 1.47 2.0 1.48 0.35 0.010 1.94~2.57! 1.02~0.74! 0.98
55° 4.0 0.3 2.2 1.45 0.29 0.02 0.45~0.52! 0.29~0.33! 0.985
50° 2.0 0.3 2.2 1.43 0.29 0.04 0.52~0.6! 0.27~0.38! 0.98
50° 1.0 0.3 2.2 1.43 0.29 0.06 0.52~0.6! 0.24~0.31! 0.98
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PR
ab~m!5

gRab

16p Fm1m2

pm2 ln
mb

ma
1rabS i

1
1

p
ln

Am22m2
2 2Am22m1

2

Am22m2
2 1Am22m1

2 D G . ~30!

In other regions ofm one can obtain thePR
ab(m) by analyti-

cal continuation of Eq.~30!, see@12,20,30#.
The constantsgRab are related to the width

G~R→ab,m!5
gRab

2

16pm
rab~m!, ~31!

where rab(m)5A(m22m1
2 )(m22m2

2 )/m2 and m65ma

6mb .
Nondiagonal elements of the matrixGRR8(m) are the

transitions caused by the resonance mixing due to the final
state interaction which occurred in the same decay channels
R→(ab)→R8. We write them down in the following man-
ner @2,27#:

PRR8~m!5(
ab

gR8abPR
ab~m!1CRR8 , ~32!

where the constantsCRR8 take into account effectively the
contribution of VV, 4P and other intermediate states and
incorporate the subtraction constants for theR→(PP)→R8
transitions. In the four-quark and two-quark models we treat
these constants as a free parameters.

B. Model of KK̄ molecule

The model of theKK̄ molecule was formulated in@8# and
developed in the papers@10,11#, as applied to the
f→g f 0(a0)→gpp(h) decay.

A specific feature of the molecular model is the narrow
structure of thef 0 anda0 mesons.

Really, the width of the weakly bound, quasistable system
cannot be larger than the bound energy which is
e510220 MeV for theKK̄ mesons, see, for example,@8#.
So, in the molecular model the effective width of thef 0 and
a0 mesons isGeff,20 MeV. Thepp scattering data, as we
shall see below, permit the width of thef 0 meson to be
Geff50.0120.03 GeV. Such widths, with some stretch of the
interpretation4 can be associated with theKK̄ bound state.
But, nevertheless, we suppose that the latest experimental
data are difficult~apparently impossible! to understand in the
framework of this model as they point to the rather widef 0
resonance with theGeff;402100 MeV, see@31–33,41#. The
objections against theKK̄ bound state interpretation were
also presented in@34#. As for thea0 resonance, it seemed to
be always too wide for a such interpretation,
Geff;502100 MeV, see@36#. The latest data confirm this.
The a0 meson with theGeff.90611 MeV was observed in
the reactionp2p→p0hn ~Brookhaven!, see@33#.

4Strictly speaking, the width should be much less then the bound
energy.

FIG. 4. The results of fitting in theq2q̄2 model for the
parameters: u560°, R52.0, gf 0K1K2

2 /4p50.72 GeV2,

gspp
2 /4p51.76 GeV2, Cf 0s520.17 GeV2, ms51.47

GeV, mf 0
50.98 GeV. The effective width of the f 0

meson Geff.60 MeV. The Bf 01s(Bf 0
)53B„f→g( f 01s)

→gp0p0
…„3B(f→g f 0→gp0p0)…51.18(1.43)31024 at

v,250 MeV andBf 01s(Bf 0
)50.63(0.6)31024 at v,100 MeV.

~a! The inelasticityhL50
I 50 . ~b! The phasedL50

I 50 . ~c! The spectrum of
the differential cross sectionds„e1e2→g( f 01s)→gp0p0

…/dv
with mixing of the f 0 ands mesons, see Eq.~26!. The dashed line
is the spectrum of thef 0 meson without mixing with thes meson.
The cut of the angle of the photon directionc50.66 reduces the
cross section by 43%.
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In the model of the scalarKK̄ molecule@10# the function
g(m) was calculated in@11#. In this paper it was found that
the imaginary part of thef→g f 0 amplitude gives 90% of
B(f→g f 0→gpp). In view of this, we take into account
only the imaginary part of theg(m). In the transitions
caused by the resonance mixing due to the final state inter-
action only real intermediate states are involved~the virtual
states are suppressed for an extended molecule!. Because of
virtual states suppression, we write in the model ofKK̄ mol-
ecule the nondiagonal elements of the inverse propagator
matrix in the following way:

PRR8~m!5Im(
ab

gR8abPR
ab~m!. ~33!

As for the propagator of thef 0 meson, let us take the
generally accepted Breit-Wigner formulas.

Whenm.2mK12mK0,

D f 0
~m!5M f 0

2 2m22 i @G0~m!1GKK̄~m!#m,

GKK̄~m!5
gf 0K1K2

2

16p
~A124mK1

2 /m21A124mK0
2 /m2!

1

m
.

~34!

As a parameter of the model we use the decay width
G„f 0(a0)→pp(h)…5G0 which is defined in Eq.~31!. In
other areas ofm one can obtain theD f 0

(m) by analytical
continuation of Eq.~34!, see@11,29#.

Since the scalar resonances lie under theKK̄ thresholds
the position of the peak in the cross section or in the mass
spectrum does not coincide withM f 0

, as one can see from

analytical continuation of Eq.~34! under theKK̄ threshold
@11,29#. That is why it is necessary to renormalize the mass
in the Breit-Wigner formulas

M f 0

2 5mR
22

gf 0K1K2
2

16p
~A4mK1

2 /mf 0

2 211A4mK0
2 /mf 0

2 21!,

~35!

wheremf 0

2 is the physical mass squared~ma0
5980 MeV and

mf 0
5980 MeV! while M f 0

2 is the bare mass squared. So, the

physical mass is heavier than the bare one. This circumstance

is especially important in the case of a strong coupling of the
scalar mesons with theKK̄ channel as in the molecular mod-
els.

In the molecular model the coupling constant of thef 0

meson with theKK̄ channel is@10#

gf 0K1K2
2

4p
50.6 GeV2. ~36!

Notice that in this modelmf 0
2M f 0

524(10) MeV for

mf 0
5980(2mK1). The value ofG0 is fixed in the region

0.0520.1 GeV that leads, on average, to the effective widths
Geff.0.0120.03 GeV.

C. Analyses of data on thepp˜pp scattering

To fit the pp scattering data we write thes-wave ampli-
tude of thepp→pp reaction withI 50 as the sum of the
inelastic resonance amplitudeTpp

res , in which the contribu-
tions of thef 0 ands mesons are taken onto account, and the
amplitude of the elastic background@2,27#

T~pp→pp!5
h0

0e2id0
0
21

2irpp
5

e2idB21

2irpp
1e2idBTpp

res ,

~37!

where

Tpp
res5(

RR8

gRppgR8pp

16p
GRR8

21
~m!. ~38!

The elastic background phasedB is taken in the form
dB5urpp(m), whereu;60°. The expressions like Eq.~37!
are commonly used for the fitting in the wide energy region.
This fairly simple approximation works to advantage in the
f 0 resonance region both in thepp→pp and in the
pp→KK̄ reactions. Thepp→KK̄ channel is the first im-
portant inelastic channel of thepp scattering in thes wave.
Defying the relations

gf 0KK̄5&gf 0K1K25&gf 0K0K̄0,

gsKK̄5&gsK1K25&gsK0K̄0, ~39!

TABLE II. The parameters and results in the model of theKK̄ molecule. The Bf 01s(Bf 0
)53B(f→g( f 01s)

→gp0p0)(3B(f→g f 0→gp0p0)) are listed for the regionv,250 MeV (0.7,m,mf). All dimensional quantities are shown in units of
GeV or GeV2. The details are described in Sec. IV.

u G0

gf0K1K2
2

4p

gspp
2

4p ms Geff Bf 01s(Bf 0
)3105 Bf 01s(Bf 0

)3105; v,0.1 mf 0

58° 0.10 0.6 2.15 1.48 0.03 1.21~1.53! 0.91~1.13! 0.98
58° 0.10 0.6 2.15 1.48 0.02 1.00~1.34! 0.73~0.98! 0.985
58° 0.10 0.6 2.15 1.48 0.015 0.78~1.11! 0.55~0.79! 0.99
58° 0.10 0.6 2.15 1.48 0.035 1.41~1.7! 1.1~1.25! 0.975
60° 0.05 0.6 2.1 1.5 0.01 1.82~2.66! 1.53~2.27! 0.985
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we get for inelasticity the expression

h0
051, m,2mK1,

h0
05A122rpp~m!rK1K2~m!uTKK̄u2, 2mK1,m,2mK0,

h0
05A122rpp~m!@rK1K2~m!1rK0K̄0~m!#uTKK̄u2,

m.2mK0, ~40!

where the amplitude of thepp→KK̄ process is

TKK̄5eidB(
RR8

gRppgR8KK̄

16p
GRR8

21
~m!. ~41!

IV. RESULTS AND DISCUSSIONS

A. f 0„980… resonance

In the four-quark model we consider the following param-
eters as free: the coupling constant of thef 0 meson to the
KK̄ channelgf 0K1K2, the coupling constant of thes meson

to the pp channel gspp , the constantCf 0s , the ratio

R5gf 0K1K2
2 /gf 0p1p2

2 , the phaseu of the elastic background

and thes meson mass. The mass of thef 0 meson is re-
stricted to the region 0.97,mf 0

,0.99 GeV. We treat thes
meson as an ordinary two-quark state the coupling constant
of which with theKK̄ channel must be related in the naive
quark model to the constantgspp . One gets
gsK1K25gsp1p2/2. From the analyses of the radiative de-
cays of theJ/c meson it is evident that the strange quark
production is suppressed by a factor ofl.1/2 in comparison
with u andd quarks@35#:

FIG. 5. The results of fitting in the model of theKK̄ molecule
for the parametersu558°, G050.1 GeV,gf 0K1K2

2 /4p50.6 GeV2,

gspp
2 /4p52.15 GeV2, ms51.48 GeV,mf 0

50.98 GeV. The effec-
tive width of the f 0 meson Geff.30 MeV. The
Bf 01s(Bf 0

)53B„f→g( f 01s)→gp0p0
…„3B(f→g f 0→gp0p0)…

51.21(1.53)31025 at v,250 MeV andBf 01s(Bf 0
)50.91(1.13)

31025 at v,100 MeV. ~a! The inelasticityhL50
I 50 . ~b! The phase

dL50
I 50 . ~c! The spectrum of the differential cross section

ds„e1e2→g( f 01s)→gp0p0
…/dv with the mixing of thef 0 and

s mesons, see Eq.~26!. The dashed line is the spectrum of thef 0

meson without mixing with thes meson. The cut of the angle of the
photon directionc50.66 reduces the cross section by 43%.

TABLE III. The branching ratios of thef→ga0→ph decay in
theq2q̄2 model. In the two last lines the parameters and results are
listed for thess̄ model of thef 0 meson. All dimensional quantities
are shown in units of GeV or GeV2. The details are described in the
Sec V.

ga0K1K2
2

4p Geff Ba0
3104; v,0.25 Ba0

3104; v,0.1 ma0

1.47 0.056 1.78 0.86 0.98
1.47 0.062 2.0 0.96 0.975
1.47 0.067 2.22 1.05 0.97
1.47 0.047 1.535 0.74 0.985
1.47 0.051 1.25 0.58 0.99
0.72 0.039 1.05 0.65 0.98
0.72 0.034 0.9 0.55 0.985
0.72 0.037 0.72 0.42 0.99
0.72 0.043 1.19 0.75 0.975
2.25 0.067 2.3 0.96 0.98
2.25 0.056 2.0 0.83 0.985
2.25 0.075 2.6 1.06 0.975
1.78 0.04 1.78 0.86 0.98
0.3 0.049 0.079 0.074 0.985
0.3 0.05 0.085 0.08 0.98
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uū:dd̄:ss̄51:1:l. ~42!

This leads to the additional suppression of the coupling con-
stant of the s meson with the KK̄ channel, gsK1K2

5Algsp1p2/2.0.35gsp1p2. As it was found, the fitting
depends on the constantgsK1K2 very weakly and we drop
this constant. We do not consider the coupling of thes me-
son with thehh channel as well. In the naive quark model
this coupling is relatively suppressed. If the angle of the
h2h8 mixing is chosen to beuhh85218° one gets
gshh.(A2/3)gsp1p2.

We use the data presented in papers@37,38# for the fitting
of the phased0

0 of pp scattering and the data presented in
papers@37,39# for fitting the inelasticityh0

0.
The fitting shows that in the four-quark model a number

of parameters describe well enough thepp scattering in the
region 0.7,m,1.8 GeV. Our results in the (q2q̄2) model
are tabulated in Table I. In this table the following param-
eters and predictions are listed: the effective widths of thef 0
meson Geff , the branching ratiosBf 01s(Bf 0

)53B(f

→g( f 01s)→gp0p0)@3B(f→g f 0→gp0p0)# of the de-
cays f→g( f 01s)→gpp and f→g f 0→gpp integrated
over the range 0.7,m,mf ~corresponding to
v,250 MeV! and taking into account the energy cut
v,100 GeV ~the range 0.9,m,mf!.5 Besides that we
study the dependence of the fitting parameters on the mass of
the f 0 meson. All dimensional quantities in the tables are
presented in the units of GeV or in GeV2. The picture for
one set of the parameters is shown in Fig. 4.

As is seen from Table I, one can change the effective
width of the f 0 meson from the very narrowGeff.10 MeV to
the relatively wideGeff.100 MeV, varying the parameters
in the four-quark model. The parameters of thes meson are
approximately unchanged ms.1.48 GeV, gspp

2 /4p
.1.8 GeV2. The decay width of thes meson to 2p is
G2p(ms).300 MeV. Besides, it is seen that in spite of the
f 0 and s mixing the branching ratios of the decays
f→g f 0→gpp and f→g( f 01s)→gpp are approxi-
mately the same and have the order of 1024.

Recall that in the four-quark model the coupling of thea0

and f 0 states to theKK̄ channel is strong, superallowed by
OZI rule @7,2#, gf 0(a0)

2 /4p*1 GeV2. Besides, in theq2q̄2

model, where thef 0 meson has a symbolic structure

f 05ss̄(uū1dd̄)/&, the coupling of thef 0 meson to thepp
channel is relatively suppressed. In this case one should con-
siderR51,2 as a relative enhancement since the comparison
should be made withR5gf 0K1K2

2 /gf 0p1p2
2

5l/451/8 in the

case off 05(uū1dd̄)/&.
The three last lines in Table I are devoted to thess̄model

of the f 0 meson. In such a model thef 0 meson is considered
as a pointlike object, i.e., in theKK̄ loop, f→K1K2→g f 0
and in the transitions caused by the resonance mixing we
consider both the real and the virtual intermediate states. It is
typical for thess̄ model of thef 0 meson that the coupling
with the pp channel is relatively suppressed. In this sense

5Notice thatB(f→gp0p0)5(1/3)B(f→gpp).

FIG. 6. The mass spectrum of theph system in the
e1e2→f→ga0→gph reaction in theq2q̄2 model. The dashed
line is the spectrumdN/dm;m2Gph /uDa0

(m)u2. ~a! The constant

ga0K1K2
2 /4p51.47 GeV2, ma0

50.98 GeV. The effective width of

the a0 meson Geff.60 MeV. ~b! The constant ga0K1K2
2 /4p

50.72 GeV2, ma0
50.985 GeV. The effective width of thea0 me-

sonGeff.34 MeV.

TABLE IV. The branching ratios of thef→ga0→ph decay in the model of theKK̄ molecule. All dimensional quantities are shown in
units of GeV or GeV2. The details are described in Sec. IV.

ga0K1K2
2

4p G0 Geff Ba0
3105; v,0.25 Ba0

3105; v,0.1 ma0

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
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this model is different from theq2q̄2 model by the small
coupling constant gf 0K1K2 only, in the ss̄ model

gf 0K1K2
2 /4p;0.3 GeV2. The small coupling constant

gf 0K1K2 arises from the requirement of the relation between

constantsga0ph andgf 0K1K2 in the two-quark model. If the

angle of theh2h8 mixing is chosen to beuhh85218° one
gets ga0ph52 cos(uhh81up)ga0K1K251.6ga0K1K2, where

up554.3° is the ‘‘ideal’’ mixing angle. Taking into account
that in the ss̄ model the gf 0K1K25&ga0K1K2 one gets

ga0ph51.13gf 0K1K2. The requirement, that the

G(a0→ph),0.1 GeV, leads to the constraint
gf 0K1K2

2 /4p,0.5 GeV2. As it is seen from Table I, in thess̄

model of the f 0 meson the branching ratioB„f→g( f 0
1s)→gpp….531025.

Notice again that the structuref 05(uū1dd̄)/& with
R51/421/8 is eliminated completely by the data on thepp
scattering. The data on thepp scattering permit the ratio
R5gf 0K1K2

2 /gf 0p1p2
2 to range over the relatively large inter-

val: R51220. This interval is somewhat larger than ex-

pected previously, see@2,9,12#. This is due to the fact that
previous experimental data pointed in favor of the narrow
structure of thef 0 mesonGeff.20250 MeV @36#. But now,
in the decays of theJ/c meson, in the reactionJ/c→f f 0
@40#, the f 0(980) peak withGeff.80 MeV is observed. The
recent GAMS data on the reactionp2p→p0p0n @32# at
large momentum transfer show thef 0(980) peaks with
Geff.50 MeV. In this reaction the E852 Collaboration@41#
also observes thef 0(980) peak withGeff561618 MeV at
large momentum transfer.

In view of this, fitting the data on thepp scattering, we
considered also relatively smallR (R.125) which leads to
the Geff&100 MeV.

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

As seen in Table II, the data on thepp scattering in the
model of theKK̄ molecule permitGeff510230 MeV which
is likely for the boundKK̄ state. Those values of the effec-
tive widths could be achieved with different parameters of
the KK̄ model. In this case, the branching ratios of the de-
caysf→g f 0→gpp andf→g( f 01s)→gpp remain ap-
proximately the same and have the order of 1025.

Notice that the parameters obtained for thes meson are in
good agreement with those discussed in the literature for the
e~1300! meson@36#, currently known as thef 0(1300) @17# or
f 0(1370) @31# meson. Among all decay channels of this par-
ticle we have considered the mainpp only, G2p(ms)
.300 MeV. The channelsKK̄ andhh, as it was found, are

FIG. 7. The mass spectrum of thepp system in the
e1e2→f→g( f 01s)→gpp reaction in theq2q̄2 model. The dot-
ted line is the mass spectrum without mixing with thes meson. The
dashed line is the spectrumdN/dm;m2Gpp /uD f 0

(m)u2. ~a!

u545°, R52, gf 0K1K2
2 /4p51.47 GeV2, gspp

2 /4p51.76 GeV2,

Cf 0s520.31 GeV2, ms51.38 GeV,mf 0
50.985 GeV. The effec-

tive width of the f 0 meson Geff.85 MeV. ~b! u560°, R58,
gf 0K1K2

2 /4p52.25 GeV2, gspp
2 /4p51.76 GeV2, Cf 0s520.31

GeV2, ms51.47 GeV,mf 0
50.98 GeV. The effective width of the

f 0 mesonGeff.25 MeV.

FIG. 8. The phase and inelasticity of thepp scattering for the
same parametres as in Fig. 7~a!.
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relatively suppressed and change the parameters of the fitting
very weakly. The influence of the 4p channel we analyzed
separately and found that the account of it does not change
our results essentially.

The decay width of thes meson to 4p was approximated
by the polynomialmG4p(m)50.323(m20.7)(m20.6) so
that G4p(ms51.5)5150 MeV and G4p(m50.7)50. The
analyses of the decayf 0(1520)→4p shows that a such ap-
proximation is rather resonable, see@42#. The account of
imG4p(m) in the propagator of thes meson leads to the
increasing of the coupling constantgspp and thes meson
become correspondingly wider Gs(ms)5G2p(ms)
1G4p(ms).550 MeV. The branching ratios of the decays
f→g f 0→gpp and f→g( f 01s)→gpp are changed by
8% and our main results, after taking into account the 4p
channel, remain unchanged.

It is seen from Tables I and II that the regions of the
constantsgf 0K1K2 andgf 0p1p2 in the four-quark model and

in the model of theKK̄ molecule overlap. It does not mean,
of course, that in this case the models are the same since in
the model of theKK̄ molecule we consider the real interme-
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 theq2q̄2 model we consider both the
real and the virtual intermediate states.

B. a0„980… resonance

As for the reactione1e2→gp0h the similar analysis of
the ph scattering cannot be performed directly. But, our
analysis of the final state interaction for thef 0 meson pro-
duction show that the situation does not changed radically, in
any case in the regionv,100 MeV. Hence, one can hope
that the final state interaction in thee1e2→ga0→gph re-
action will not strongly affect the predictions in the region
v,100 MeV.

Recall that in the four-quark model thea0 meson has a
symbolic structurea05ss̄(uū2dd̄)/& and the following
relations are valid@2,9#:

ga0K0K̄052ga0K1K2, ga0K1K25gf 0K1K2,

ga0ph5&ga0K1K2sin~up1uhh8!50.85ga0K1K2,

ga0ph852&ga0K1K2cos~up1uhh8!521.13ga0K1K2.
~43!

Based on the analysis ofpp scattering with regard to Eq.
~43! we predict the quantities of theB(f→ga0→gph) in
the q2q̄2 model. The results are shown in Table III.

In the propagator of thea0 meson we consider the final
width corrections corresponding theph,KK̄,ph8 channels,
see Eq.~30!. As is seen from Table III, in theq2q̄2 model of
the a0 meson theB(f→ga0→gph).1024.

The last two lines in Table III relate to thess̄model of the
f 0 meson in which thea0 meson is treated as a two-quark
(uū2dd̄)/& state. In this model@2,9#

gf 0K1K25&ga0K1K2, ga0K0K̄052ga0K1K2,

ga0ph52ga0K1K2cos~up1uhh8!51.6ga0K1K2,

ga0ph852ga0K1K2sin~up1uhh8!51.2ga0K1K2. ~44!

Recall that in this case thef→ga0→ph decay is sup-
pressed by the OZI rule, as discussed in the Introduction.
The OZI suppression means that the real part of theK1K2

loop is compensated by the virtual intermediate states
K* 1K2, K1K* 2, K* 1K* 2 and so on. Because there is a
real two-particle intermediateK1K2 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
thef→ga0(qq̄) decay amplitude only. As one can see from
Table III in the two-quark model of thea0 meson the
B(f→ga0→gph).831026.

In the model of the KK̄ molecule the relations
ga0K0K̄052ga0K1K2 and ga0K1K25gf 0K1K2 are valid, in

this caseB(f→ga0→gph);1025. The results are listed
in Table IV.

C. Metamorphosis of thea0„980… and f 0„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 formA5gigj /(s2mR

21 imRG), where the
quantitiesgi ,gj are the constants. So, the form of the reso-
nance defined by Breit-Wigner formulas has a universal form
and is described by the two parameters: the mass and the
width. Most resonances, especially narrow ones, satisfy this
condition of universality and are adequately described by the
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-dependentgi ,gj quantities. Also,
the denominator becomes an intricate function of the energy,
see Eqs.~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, see@2,30,43#. 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 scalara0 and f 0 resonances.

In the peripheral production of thea0 meson, for example,
in the reactionp2p→p0hn, the mass spectrum of theph
system is determined by the expression

dNph

dm
;

m2Ga0ph~m!

uDa0
~m!u2

, ~45!

where m is the mass of theph system. In Table III the
effective widths corresponding to this distribution are listed
~in the four-quark modelga0ph50.85ga0K2K1!. In the

e1e2→f→ga0→gph reaction the mass spectrum of the
ph system is determined by the expression
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dsf

dm
5

a2m

16ps3 S mf
2

f f
D 2 ug~m!u2

uDf~s!u2 ~s2m2!A12
4mp

2

m2

3S c1
c3

3 DUga0K1K2ga0p0h

Da0
~m! U2

H~s,vmin!. ~46!

For the constant listed in Table III, atga0K1K2
2 /4p.1 GeV2

in theq2q̄2 model, the visible width of the mass spectrum of
the ph system is twice as large as the effective one deter-
mined by Eq.~45!. For illustration those two spectrum are
depicted together in Fig. 6~a!.

So, considering the specific resonance production mecha-
nism ~the one charge kaon loop production! widens the spec-
trum twice as much.

Notice that such an effect is especially strong at the large
coupling constants, i.e., in the four-quark model. With the
coupling constant decrease the effect dies out, for example,
at thega0K1K2

2 /4p50.72 GeV2, as it is seen in Fig. 6~b!, the

width of the mass spectrum of theph system is one and a
half as large as the one determined by Eq.~45!, and at the
ga0K1K2

2 /4p50.3 GeV2 this effect is negligible.

For the f 0 resonance the situation is somewhat the same
with the difference that the width of the resonance depends
on the free parameterR. At the R5123 the resonance is
relatively wide and the distinction between the widths of the
pp mass spectra in thee1e2→f→gpp reaction and in the
distribution

dNpp

dm
;

m2G f 0pp~m!

uD f 0
~m!u2 , ~47!

is strong, see Fig. 7~a!. The phase and the inelasticity are
shown in Fig. 8 in this case. At largeR, when the effective
resonance widthGeff;30 MeV, the difference is not so no-
ticeable. The illustrative picture is shown in the Fig. 7~b!.

Notice that when analyzing the definite processes it is
needed to take into account the initial and final state interac-
tions. Let us consider thef 0 production in theJ/c decay,
where the peak with the visible widthG.80 MeV is ob-
served@40#. The spectrum of thepp system is determined by
the expression

dNpp

dm
;

m2G f 0pp~m!

uD f 0
~m!u2 UDs~m!1~11x!P f 0s~m!1x~gspp /gf 0pp!D f 0

~m!

Ds~m!2P f 0s
2 /D f 0

~m! U2

, ~48!

wherex is a relative weight of thes meson production. For
the width of Eq.~48! to be the visible widthG.80 MeV one
needs to take not only the effective widthGeff.80 MeV, but
to considerx51 as well. If one considers that thes meson is
not produced in the initial state, i.e.,x50, but is produced as
a result of the mixing with thef 0 meson only in the final
state, then the visible width of the spectrum Eq.~48! is equal
to G.40 MeV.

V. CONCLUSION

We have shown that the vector meson contribution
e1e2→V0→p0V80→gp0p0(h) to thee1e2→gp0p0(h)
reaction is negligible in comparison with the scalarf 0(a0)
meson one e1e2→f→g f 0(a0)→gp0p0(h) for B„f
→g f 0(a0)… greater than 531026(1025), in the photon en-
ergy region less than 100 MeV.

Based on the two-channel analysis of thepp scattering
we predict for thef→g( f 01s)→gpp reaction in the re-
gion 0.7,m,mf that theB„f→g( f 01s)→gpp…;1024

andB(f→ga0→gph);1024 in the q2q̄2 model.
In the model of the KK̄ molecule we get

B„f→g( f 01s)→gpp…;1025 and B(f→ga0→gph)
;1025.

In the two-quarkss̄ model of the f 0 meson we obtain
B„f→g( f 01s)→gpp….531025 and taking into account

the imaginary part of the decay amplitude only, as the main
one, we getB„f→ga0(qq̄)→gph….831026.

Notice that the variants listed in Table I describe equally
well the pp scattering data, see, for example, Figs. 4 and 8.
We could not find the parameters at which the data on the
pp scattering are described well but theB„f→g( f 0
1s)→gpp… is less then 1025. Or, more precisely, we
could get B„f→g( f 01s)→gpp….1025, only if we
droped out the real part of theK1K2 loop in the
f→K1K2→g( f 01s) decay amplitude, otherwise we got
B„f→g( f 01s)→gpp…*4.531025, see Table I. Forget-
ting the possible models, one can say that from thepp scat-
tering resultsB„f→g( f 01s)→gpp…*1025, that is enor-
mous for the suppressed by the OZI rule decay.
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APPENDIX

The functionf r(m), taking into account the interference
of the identical pions, see Fig. 1, has the integral presentation
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f r~m!512
3

8m2p2v E
mp

m̃
ReS Dr~m!

Dr~z! D S y@~s22m2!~E1

2py!22v~E12py!222mmp
2 #

1
p

2
~z21m22s!~12y2! D zdz, ~A1!

where

p5A@s2~m2mp!2#@s2~m1mp!2#/2m, v5~m22mp
2 !/2m,

E15~s2mp
2 2m2!/2m, z25mp

2 12v~E12py!, m̃252mp
2 12mfv2m2. ~A2!

The functionf v(m) is resulted from Eq.~A1! by replacementDr(m)→Dv(m).
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