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1 Introduction

A problem of scalar mesons is most troublesome and long-lived in the light meson spec-
troscopy. A main difficulty in understanding the scalar-isoscalar sector seems to be related
with the possibly-considerable influence of the vacuum and such effects as the instanton
contributions that are difficult to take into account. But there is another difficulty related
to a strong model-dependence of information on multichannel states obtained in analyses
based on the specific dynamic models or using an insufficiently-flexible representation of
states (e.g., the standard Breit — Wigner form). Especially, this concerns scalar mesons
due to the most weak kinematic diminution of their widths. It was observed that the
scalar mesons are either very large or, if narrow, lie near the channel thresholds. Earlier,
we have shown [1] that an inadequate description of multichannel states gives not only
their distorted parameters when analyzing data but also can cause the fictitious states
when one neglects important (even energetic-closed) channels. In this paper we are going,
conversely, to demostrate that the large background (e.g., that happens in analyzing 77
scattering), can hide low-lying states (even such important for theory as a o-meson [2]).
With this object, a very interesting and instructive history is related. A majority of analy-
ses rejected this meson by resolving the known ”up-down ambiguity” in the 700-900-MeV
region in the solutions of the 77 phase-shift analyses for §3 in favour of the ”down” one,
because to the "up” solution, one related the ¢(800) resonance of width ~ 150-200 MeV.
However, some of theorists continued to insist on the existence of that state because it
is required by most of the models (like the linear o-models or the Nambu — Jona-Lasinio
models [3]) for spontaneous breaking of chiral symmetry. Since all the analyses of the
s-wave 77 scattering gave a large mr-background, it was said that this state (if exists)
is "unobservably”-wide. Recently, new analyses of the old and new experimental data
have been performed which give a very wide scalar-isoscalar state in the energy region
500-850 MeV [4]-[8]. However, these analyses use either the Breit — Wigner form (even
if modified) or specific forms of interactions in a quark model, unitarized by taking the
relevant process thresholds into account, or in a multichannel approach to the considered
processes; therefore, there one cannot talk about a model independence of results. Be-
sides, in these analyses, a large mr-background is obtained. We are going to show that a
proper detailing of the background (as allowance for the left-hand branch-point) permits
us to extract from the latter a very wide (but observable) state below 1 GeV even in the
”down” solution for the w7 phase-shift, and, therefore, it is highly important in studying
lightest states.

An adequate consideration of multichannel states and a model-independent informa-
tion on them can be obtained on the basis of the first principles (analyticity, unitarity
and Lorentz invariance) immediately applied to analyzing experimental data. The way
of realization is a consistent allowance for the nearest singularities on all sheets of the
Riemann surface of the S-matrix. The Riemann-surface structure is taken into account



by a proper choice of the uniformizing variable. Earlier, we have proposed this method
for 2- and 3-channel resonances and developed the concept of standard clusters (poles on
the Riemann surface) as a qualitative characteristic of a state and a sufficient condition
of its existence as well as a criterion of a quantitative description of the coupled-process
amplitudes when all the complifications of the analytic structure due to a finite width
of resonances and crossing channels and high-energy “tails” are accumulated in quite a
smooth background [1, 9, 10]. Let us stress that for a wide state, the pole position (the
pole cluster one for multichannel states) is a more stable characteristic than the mass and
width which are strongly dependent on a model. The cluster kind is determined from the
analysis of experimental data and is related to the state nature. At all events, we can,
in a model-independent manner, discriminate between bound states of particles and the
ones of quarks and gluons, qualitatively predetermine the relative strength of coupling of
a state with the considered channels, and obtain an indication on its gluonium nature.

Since, in this work, a main stress is laid on studying lowest states, it is sufficient
to restrict itself to a two-channel approach when considering simultaneously the coupled
processes mm — 7w, KXK. Furthermore, in the uniformizing variable, one must take
into account, besides the branch-points corresponding to the thresholds of the processes
7w — 7m, KK, also the left-hand branch-point at s = 0, related to the background in
which the crossing-channel contributions are contained.

The layout of the paper is as follows. In Section 2, we outline the two-coupled-
channel formalism, determine the pole clusters on the Riemann surface as characteristics
of multichannel states, and introduce a new uniformizing variable, allowing for the branch-
points of the right-hand (unitary) and left-hand cuts of the wr-scattering amplitude. In
Section 2, we analyze simultaneously experimental data on the processes 77 — 7w, KK
in the isoscalar s-wave on the basis of the presented approach. In the Conclusion, the
obtained results are discussed.

2 Two-Coupled-Channel Formalism

Considering the multichannel problem (here the 2-channel one), we pursue two aims:
to obtain a model-independent information about the multichannel resonances and an
indication about their QCD nature, and to describe the experimental data on the coupled
processes. The first purpose is achieved through the account of the nearest (to the physical
region of interest) singularities of the S-matrix. Herewith it is important to analyze
simultaneously experimental data on the coupled processes.

Here we consider the coupled processes of 7 and KK scattering and 7n — KK.
Therefore, we have the two-channel S-matrix determined on the 4-sheeted Riemann sur-
face. The S-matrix elements Sqg, where o, 8 = 1(77),2(KK), have the right-hand (uni-
tary) cuts along the real axis of the s-variable complex plane, starting at the points 4m?2
and 4m% and extending to co, and the left-hand cuts, which are related to the crossing-
channel contributions and extend along the real axis towards —oo and begin at s = 0 for
S11 and at 4(m? — m2) for Sop and Sj3. We number the Riemann-surface sheets according
to the signs of analytic continuations of the channel momenta

ko= (s/4=m2)?  ky = (s/4—mk)'V? 1)

as follows: signs (Imky,Imk;) = ++, —+, ——, +— correspond to the sheets LILIILIV.



Then, for instance, from the physical region on sheet I we pass across the cut below the
KK threshold to sheet II; above the K& threshold, to sheet IIL

To elucidate the resonance representation on the Riemann surface, we express analytic
continuations of the matrix elements to the unphysical sheets Sty (L = II,111,IV)
in terms of them on the physical sheet S’éﬂ. Those expressions are convenient for our
purpose because, on sheet I (the physical sheet), the matrix elements Séﬂ can have only
zeros beyond the real axis. Using the reality property of the analytic functions and the
2-channel unitarity, one can obtain

g 1 11 _ Si SV _ det S
nsny 7 det ST 1 Sy’
det ST SI 1
I ) nr_ _Pu SV — 9
22 5{1 22 det Sl 22 52[2 ( )
I — iST, QI _ —S1, SV — i1,
12 5111 ’ 12 det S[? 12 5212 )

Here det S" = Sf, 57, — (S1,)?. Provided a resonance has the only decay mode (1-channel
case), in the matrix element, the resonance (in the limit of its narrow width) is represented
by a pair of complex conjugate poles on the IInd sheet and by a pair of conjugate zeros
on the physical sheet at the same points of complex energy. This model-independent
statement about the poles as the nearest singularities holds also when taking account of the
finite width of a resonance. In the case of two coupled channels, formulae (2) immediately
give the resonance representation by poles and zeros on the 4-sheeted Riemann surface.
Here one must discriminate between three types of resonances — which are described (a)
by a pair of complex conjugate poles on sheet II and, therefore, by a pair of complex
conjugate zeros on the Ist sheet in Sy;; (b) by a pair of conjugate poles on sheet IV
and, therefore, by a pair of complex conjugate zeros on sheet I in Sy; (c) by one pair of
conjugate poles on each of sheets II and IV, that is by one pair of conjugate zeros on the
physical sheet in each of matrix elements S;; and Sas.

As is seen from (2), to the resonances of types (a) and (b) one has to make correspond
a pair of complex conjugate poles on sheet III which are shifted relative to a pair of poles
on sheet IT and IV , respectively (if the coupling among channels were absent, i.e. S5 = 0,
the poles on sheet III would lay exactly (a) under the poles on the IInd sheet, (b) above
the poles on the IVth sheet). To the states of type (c) one must make correspond two
pairs of conjugate poles on sheet III which are reasonably expected to be a pair of the
complex conjugate compact formations of poles. Thus, we arrive at the notion of three
standard pole-clusters which represent two-channel bound states of quarks and gluons. It
is convenient to discriminate between those clusters according to the presence of zeros,
corresponding to the state, on the physical sheet in matrix element S;; (a), Sy (b) or in
both (c).

Note that this resonance division into types is not formal. In paricular, the resonance,
coupled strongly with the first () channel, is described by the pole cluster of type (a); if
the resonance is coupled strongly with the KK and weakly with 77 channel (say, if it has
a dominant s3 component), then it is represented by the cluster of type (b); finally, since a
most noticeable property of a glueball is the flavour-singlet structure of its wave function
and, therefore, (except the factor v/2 for a channel with neutral particles) practically
equal coupling with all the members of the nonet, then a glueball must be represented by
the pole cluster of type (c¢) as a necessary condition.
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Just as in the 1-channel case, the existence of a particle bound-state means the presence
of a pole on the real axis under the threshold on the physical sheet, so in the 2-channel
case, the existence of a bound state in channel 2 (KK molecule), which, however, can
decay into channel 1 (77 decay), would imply the presence of a pair of complex conjugate
poles on sheet IT under the threshold of the second channel without an accompaniment of
the corresponding shifted pair of poles on sheet ITI. Namely, according to this test, earlier
an interpretation of the f;(980) state as KK molecule has been rejected [1, 9, 11].

Generally, formulae (2) are a solution of the 2-channel problem in the sense of giving
a chance to predict (on the basis of the data on one process) the coupled-process am-
plitudes under a certain conjecture about the background. We made this earlier in the
2-channel approach [9]. It was a success to describe (x?/ndf ~ 1.06) the experimental
isoscalar s-wave of w7 scattering from the threshold to 1.9 GeV, to predict satisfactorily
(on the basis of data on 77 scattering) the behaviour of the s-wave of 7m — KK process
approximately up to 1.25 GeV. To take account of the proper right-hand branch-points,
the corresponding uniformizing variable has been used. However, for the simultaneous
analysis of experimental data on the coupled processes it is more convenient to use the
Le Couteur-Newton relations [12] representing compactly all features given by formulae
(2) and expressing the S-matrix elements of all coupled processes in terms of the Jost
matrix determinant d(ky, k2) = d(s), the real analytic function with the only square-root
branch-points at the process thresholds k; = 0 [13]. Earlier, this was done by us in the
2-channel consideration [9] with the uniformizing variable

s Ptk 3)
\/m% —m2

which was proposed in Ref. [13] and maps the 4-sheeted Riemann surface with two unitary
cuts, starting at the points 4m2 and 4m?%, onto the plane. (Note that other authors have
been also applied the parametrizations with using the Jost functions at analyzing the
s-wave 77 scattering in the one-channel approach [14] and in the two-channel one [11]. In
latter work, the uniformizing variable k, has been used, therefore, their approach cannot
be emploied near by the 77 threshold.)

When analyzing the processes mm — 7w, KK by the above methods in the 2-channel
approach, two resonances (fy(975) and f(1500)) are found to be sufficient for a satis-
factory description (x?/ndf ~ 1.00). However, in this case, the large 7m-background has
been obtained. A character of the representation of the background (the pole of second
order on the imaginary axis on sheet II and the corresponding zero on sheet I) suggests
that a wide light state is possible to be hidden in the background. To check this, one
must work out the background in some detail.

Now we will take, in the uniformizing variable, into account also the left-hand branch-
point at s = 0. We use the uniformizing variable

mK\/s —4m2 + m,,\/s —4m¥%
Vs(mi —m2)
which maps the 4-sheeted Riemann surface, having (in addition to two above-indicated

unitary cuts) also the left-hand cut starting at the point s = 0, onto the v-plane. (Note
that the analogous uniformizing variable has been used, e.g., in Ref. [15] at studying the

v

; 4)
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forward elastic pp scattering amplitude.) It is convenient to write also the function s(v)

_ 16m%m2v?
S | T O TR S ©)

where b = \/(mK +my)/(mg — my) is the point into which s = co is mapped on the
v-plane, and the symmetry properties of this function

s(v) = s(-v) = s(v™') = s(—v7") = 5"(v") (6)

demostrate which points on the v-plane correspond to the same point on the s-plane.
In Fig.1, the plane of the uniformizing variable v for the mm-scattering amplitude is

Imv

Figure 1: Uniformization plane for the w7-scattering amplitude. The Roman
numerals (I,...,IV) denote the images of the corresponding sheets of the Rie-
mann surface; the thick line represents the physical region (the points i, 1
and b correspond to the 7w, KK thresholds and s = 00), respectively); the
shaded lines are the images of the corresponding edges of the left-hand cut.
The depicted positions of poles () and of zeros (o) give the representation of
the type (a) resonance in Sy;.

depicted. The Roman numerals (I,...,IV) denote the images of the corresponding sheets
of the Riemann surface; the thick line represents the physical region; the points i, 1 and
b correspond to the 7m, KK thresholds and s = oo, respectively; the shaded intervals
(=00, =b], [=b71,b71], [b,00) are the images of the corresponding edges of the left-hand
cut. The depicted positions of poles (x) and of zeros (o) give the representation of the
type (a) resonance in Sy;. In Fig.1, a very symmetric picture is shown which ensures
the known fact that the 77 interaction is practically elastic up to the KK threshold
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(the contribution of the multiparticle states (4x,67) is negligible within the up-to-date
experiment accuracy). This property of the 7 interaction is satisfied since the poles and
zeros are symmetric to each other with respect to the unit circle. If the nm scattering
were elastic also above the KK threshold, there would be the symmetry of the poles and
zeros with respect to the real axis. The symmetry of the whole picture relative to the
imaginary axis ensures the property of the real analyticity.

On v-plane the Le Couteur-Newton relations are [9, 13]

_dv) o dY , _ d(-v)
S = W’ 22 = @) S11822 — Siy = W (7)
Then, the condition of the real analyticity implies
d(—v*) = d*(v) (8)

for all v, and the unitarity needs the following relations to hold true for the physical
v-values:

ld(—v™) < ld(v)], |d(v™)] < [d(v)], |d(~v)| = |d(v)]. 9)
The d-function that on the v-plane already does not possess branch-points is taken as
d= dpdyes, (10)

where dp = B,Bg; B, contains the possible remaining wr-background contribution,
related to exchanges in crossing channels; By is that part of the KK background which
does not contribute to the m7r-scattering amplitude. The most considerable part of the
background of the considered coupled processes related to the influence of the left-hand
branch-point at s = 0 is taken already in the uniformizing variable v (4) into account.
The function d,.s(v) represents the contribution of resonances, described by one of three
types of the pole-zero clusters, i.e., except for the point v = 0, it consists of zeros of
clusters:

M

dres = v T (1 = v}0) (1 + vav), (11)

n=1
where n runs over the independent zeros; therefore, for resonances of the types (a) and
(b), n has two values, for the type (c), four values; M is the number of pairs of the
conjugate zeros.

3 Analysis of experimental data-

Using the described 2-channel approach, we analyze simultaneously the available exper-
imental data on the mm-scattering [16] and the process 77 — KK [17] in the channel
with I9JP¢ = 0+0**. As data, we use the results of phase analyses which are given for
phase shifts of the amplitudes (¢, and d12) and for moduli of the S-matrix elements 74
(the elasticity parameter) and &:

So = n€*  (a=1,2), Sio = ife™2, (12)

(Remember that ”1” denotes here the w7 channel, ”2” — K'K). The 2-channel unitarity
condition gives .

mo=mn =7, E=1-n)1? 012 = 01 + . (13)
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Figure 2: The energy dependence of the phase shift (d;) of the mm-scattering
amplitude obtained on the basis of a simultaneous analysis of the experimental
data on the coupled processes 7m — 7w, KK in the channel with J¢JPC =
070**. The data on the 7w scattering are taken from Refs.[16].

We have taken the data on the 77 scattering from the threshold up to 1.89 GeV. Then,
comparing experimental data for £ with values of &, calculated by eq.(13) with using the
experimental points for the elasticity parameter 7, one can see that the 2-channel unitarity
takes place approximately to 1.4 GeV. To obtain the satisfactory description of the s-wave
nw scattering from the threshold to 1.89 GeV (Fig.2 and Fig.3), we have taken B, =1 in
eq.(10), and three multichannel resonances turned out to be sufficient: the two ones of the
type (a) (fo(665) and f3(980)) and f,(1500) of the type (c). Therefore, in eq.(11) M =8
and the following zero positions on the v-plane, corresponding to these resonances, have
been established in this situation with the parameterless description of the background:

for fo(665) : v = 1.36964 + 0.2086321, vy = 0.921962 — 0.25348;,
for £,(980) : vz = 1.04834 + 0.04786524, vy = 0.858452 — 0.09257714,
for fo(1500): w5 = 1.2587 + 0.03988931, v = 1.2323 — 0.0323298s,

vy = 0.809818 — 0.019354¢, vg = 0.793914 — 0.0266319:.

Here for the phase shift J; and the elasticity parameter 7, 113 and 50 experimental points
[16], respectively, are used; when rejecting the points at energies 0.61, 0.65, and 0.73 GeV
for 6, and at 0.99, 1.65, and 1.85 GeV for 5, which give an anomalously large contribution
to x*, we obtain for x?/ndf the values 2.7 and 0.72, respectively; the total x2/ndf in the
case of the 77 scattering is 1.96.

With the presented picture, the satisfactory description for the modulus (£) of the
77 — KK matrix element is given from the threshold to ~ 1.4 GeV (Fig.4). Here
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Figure 3: The same as in Fig.2 but for the elasticity parameter 7.

35 experimental points [17] are used; x?/ndf = 1.11 when eliminating the points at
energies 1.002, 1.265, and 1.287 GeV (with especially large contribution to-y?). However,
for the phase shift d15(s), slightly excessive curve is obtained. Therefore, keeping the
parameterless description of the w7 background, one must take into account the part of the
KK background that does not contribute to the mm-scattering amplitude. Furthermore,
this contribution is to be elastic. Note that the variable v is uniformizing for the 77-
scattering amplitude, i.e., on the v-plane, S1; has no cuts, however, the amplitudes of the
KK scattering and 7w — KK process do have the cuts on the v-plane, which arise from
the left-hand cut on the s-plane, starting at the point s = 4(m% — m2). Under the s — v
conformal mapping (4), this left-hand cut is mapped into cuts which begin at the points

mpy/mk — 2m2 £ im,

2 _ 2
Mk my

v =

on the unit circle on the v-plane, go along it up to the imaginary axis, and occupy the
latter. This left-hand cut will be neglected in the Riemann-surface structure, and the
contribution on the cut will be taken into account in the KK background as a pole on
the real s-axis on the physical sheet in the sub-K K-threshold region; on the v-plane, this
pole gives two poles on the unit circle in the upper half-plane, symmetric to each other
with respect to the imaginary axis, and two zeros, symmetric to the poles with respect
to the real axis, i.e. at describing the process 7m — KK, one additional parameter is
introduced, say, a position p of the zero on the unit circle. Therefore, for By in eq. (10)
we take the form

Bg =v74(1 - pv)*(1 + p*v)L. (14)

Fourth power in (14) is stipulated by the following. First, a pole on the real s-axis on
the physical sheet in Sy, is accompanied by a pole in sheet II at at the same s-value (as
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Figure 4: The energy dependence of the (|Si2|) obtained on the basis of a
simultaneous analysis of the experimental data on the coupled processes mm —
7w, KK in the channel with I¢JPC = 010**. The data on the process mm —
KK are taken from Ref.[17].

it is seen from eqs. (2)); on the v-plane, this implies the pole of second order (and also
zero of the same order, symmetric to the pole with respect to the real axis). Second,
for the s-channel process 7 — KK, the crossimg u- and ¢-channels are the 7 — K and
T — K scattering (exchanges in these channels give contributions on the left-hand cut);
this results in the additional doubling of the multiplicity of the indicated pole on the v-
plane. Zeros of the fourth order in By (and, correspondingly, poles of the fourth order in
the K K-amplitude) provide the better description of the KK background than the ones
of the first order in our recent work [18]. One can verify that the expression (14) does
not contribute to Sii, i.c. the parameterless description of the w7 background is kept.
A satisfactory description of the phase shift §12(v/s) (Fig.5) is obtained approximately
to 1.52 GeV with the value of the parameter p = 0.948201 + 0.317674 (this corresponds
to the position of the pole on the s-plane at s = 0.434GeV?). Here 59 experimental
points [17] are considered; x?/ndf ~ 3.05 when eliminating the points at energies 1.117,
1.247, and 1.27 GeV (with especially large contribution to x?). The total x2/ndf for
four analyzed quantities to describe the coupled processes 7w — 7w, KK is 2.12; the
number of adjusted parameters is 17, where they all (except a single relating to the KK
background) are positions of poles describing resonances.

In Table 1, the obtained parameter values of poles on the corresponding sheets of the
Riemann surface are cited on the complex energy plane (v/sr = E, —4T,). We stress
that these are not masses and widths of resonances. Since, for wide resonances, values of
masses and widths are very model-dependent, it is reasonable to report characteristics of
pole clusters which must be rather stable for various models.

Now we can calculate the constants of the obtained-state couplings with the 77 —
717 and KK — "2 systems through the residues of amplitudes at the pole on sheet II.
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Figure 5: The same as in Fig.4 but for the phase shift (d;5).

Table 1:

fo(665) £0(980) fo(1500)
Sheet | E, MeV I', MeV | E, MeV T, MeV | E, MeV T, MeV
II 610+14 620426 | 988+5 2748 1530£25 390+30
IIT | 720+15 5549 984416 210422 | 1430+35 200430
1510422  400+34
v 14104+24 210438

Expressing the T-matrix via the S-matrix as

Sii =1+ 2ip, Ty, Siz = 2i/p1p2Tha, (15)
where p; = /(s — 4m?)/s, and taking the resonance part of the amplitude in the form
Ti° =" 9irgri Dy (s), ' (16)

where D, (s) is an inverse propagator (D,(s) o s — s,), we define the coupling constants
as

o lemim2 v — vy b (1 — op) S22
995 3 (me —m2) | (o = ) (02— b2 (o 2 = ) (o T = B2) wra T \/—mfj'
17)

Here we denote the coupling constants with the 77 and KK systems through g, and gs,
respectively. The obtained values of the coupling constants of the observed states are
given in Table 2.
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Table 2

/0(665) f0(980) fo(1500)
91, GeV | 0.7477£0.095 | 0.1615 +0.03 | 0.899 & 0.093
g2, GeV | 0.834£0.1 0.438 £ 0.028

In this 2-channel approach, there is no point in calculating the coupling constant of the
fo(1500) state with the KK system, because the 2-channel unitarity is valid only to 1.4
GeV, and, above this energy, there is a considerable disagreement between the calculation
of the amplitude modulus Si5 and the experimental data.

Let us indicate also scattering lengths calculated in our approach. For the KK scat-
tering, we obtain

a§(KEK) = —1.188 + 0.13 + (0.648 + 0.09)i, m_..

A presence of the imaginary part in ad(KK) reflects the fact, that already at the threshold
of the KK scattering, other channels (27,47 etc.) are opened. In Table 3, we have
presented our result for the w7 scattering length a3 and its comparison with results of
some other works both theoretical and experimental.

Table 3
aj, m;; References Remarks
0.27 £ 0.06 | our paper model-independent approach:
0.26 & 0.05 | L. Rosselet et al.[16] analysis of the decay K — nmev
with using Roy’s model
0.24£0.09 | A.A. Bel’kov et al.[16] analysis of the process m=p — m¥7 ™ n
with using the effective range formula
0.23 S. Ishida et al.[6] modified analysis of 77 scattering
with using Breit-Wigner forms
0.16 S. Weinberg [19] current algebra (non-linear o-model)
0.20 J. Gasser, H. Leutwyler [20] | chiral theory with one-loop corrections,
non-linear realization of chiral symmetry
0.217 J. Bijnens at al.[21] chiral theory with two-loop corrections,
non-linear realization of chiral symmetry
0.26 M.K. Volkov [22] chiral theory,
linear realization of chiral symmetry

We have here presented model-independent results: the pole positions, coupling con-
stants and scattering lengths. The formers can be used further for calculating masses and
widths of these states in various models. )

If we suppose, that the obtained state fo(665) is the o-meson, then from the known
relation of the o-model hetween the coupling constant of the o with the m7-system and
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masses

mz - m2
_ e s
e

(here fro is the constant of the weak decay of the 7% fro = 93.1 MeV), we obtain
my ~ 342 MeV. That small value of the o-mass can be a result of the mixing with the
f0(980) state [23].

4 Conclusions

In the present work, in the model-independent approach consisting in the immediate
application to the analysis of experimental data of first principles (analyticity-causality
and unitarity), a satisfactory simultaneous description of the isoscalar s-wave channel of
the processes 7 — 7w, KK from the thresholds to the energy values, where the 2-channel
unitarity is valid, is obtained. A parameterless description of the w7 background is first
given by allowance for the left-hand branch-point in the proper uniformizing variable. It is
shown that the large 7m-background, usually obtained, combines in reality the influence of
the left-hand branch-point and the contribution of a very wide resonance at ~ 665 MeV.
Thus, a model-independent confirmation of the state, already discovered in other works
(5]-[8] (or pretending to this discovery) and denoted in the PDG issues by f,(400 — 1200)
[2], is obtained. This is the o-meson required by majority of models for spontaneous
breaking of chiral symmetry. Three states (fo(665) — o-meson, fo(980) and £;(1500)) are
sufficient to describe the analyzed data.

The discovery of the f;(665) state solves one important mystery of the scalar-meson
family that is related to the Higgs boson of the hadronic sector. This is a result of prin-
ciple, because the schemes of the nonlinear realization of the chiral symmetry have been
considered which do without the Higgs mesons. One can think that a linear realization
of the chiral symmetry (at least, for the lightest states and related phenomena) is valid.
First, this is a simple and beautiful mechanism that works also in other fields of physics,
for example, in superconductivity. Second, the effective Lagrangians obtained on the ba-
sis of this mechanism (the Nambu - Jona-Lasinio and other models) describe perfectly
the ground states and related phenomena. The only weak link of this approach was the
absence of the o-meson below 1 GeV. .

Note also that the fo(665) changes but does not solve the problem of unusual properties
of the scalar mesons that prevent the scalar nonet to be made up.

Let us also notice that the character of the fo(665) pole-cluster (namely, a considerable
shift of the pole on sheet III towards the imaginary axis) can point to the unconsidered
channel with which this state is, possibly, coupled strongly, and the threshold of which is
situated below 600 MeV. In this energy region, only one channel is opened: this is the 47
channel. It is interesting to verify this assumption, because it concerns such an important
state.

This analysis does not reveal the fo(1370) resonance; therefore, if this meson exists,
it must be weakly coupled with the 77 channel, i.e. be described by the pole cluster of
the type (b) (this would testify to the dominant s5 component in this state; as to that
assignment of the fy(1370) resonance, we agree, e.g., with the work [24]).

The f;(1500) state is represented by the pole cluster on the Riemann surface of the
S-matrix of the type (c) which corresponds to a glueball. This type of cluster (.e. the
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presence of the zeros, corresponding to the state, on the physical sheet of both 77 and
KK scattering) reflects the flavour-singlet structure of the glueball wave-function and
is only a necessary condition of the glueball nature of the fo(1500) state. Let us also
pay attention to the strong coupling of the fo(1500) state with the 77 system, and to
that in the model-independent approach, one can obtain a qualitative indication — how
much is the admixture of other states (¢q, ¢gg, etc.)? To this end, one must consider the
mm — KK process in our 3-channel approach [1] and determine the coupling constants of
the fo(1500) with the other members of the pseudoscalar nonet.

We emphasize that the obtained results are model-independent, since they are based
on the first principles and on the mathematical fact that a local behaviour of analytic
functions, determined on the Riemann surface, is governed by the nearest singularities on
all sheets.

We think that multichannel states are most adequately represented by clusters, i.e.
by the pole positions on all corresponding sheets. The pole positions are rather stable
characteristics for various models, whereas masses and widths are very model-dependent
for wide resonances.

Finally, note that in the model-independent approach, there are many adjusted pa-
rameters (although, e.g. for the w7 scattering, they all are positions of poles describing
resonances). The number of these parameters can be diminished by some dynamic as-
sumptions, but this is another approach and of other value.
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Kpyna 1., Haxes M., Cyposues 10.C. E2-2000-214
CymectpoBaHue c-Me30Ha HuXxe 1 I'sB u xupanbphHas cumMeTpus

B MoznenbHO-HE3aBUCHMOM IIOIXOJE, 3aKJII0YAIOIIEMCS B HEIIOCPEACTBEHHOM IpPUMEHe-
HHUHM K aHAN3Y 9KCTIEPUMEHTATIBHBIX JAHHBIX TaKHX OOIMMX NMPHHLUIOB, KaK aHAJIMTUYHOCTD
H YHUTApPHOCTb, HA OCHOBE OJHOBPEMECHHOTO OMHCAHMS M30CKAIPHBIX S-BOIHOBBIX KaHAJIOB
nr -paccessHus (0T nopora go 1,9 I'eB) u nponeccann — KK (ot nopora no ~1,4 I'sB, rie BbI-
TIOJTHIETCA 2-KaHaJIbHas YHATAPHOCTD) TOJIyYEHBI IIOATBEPXKICHUE 6-MEe30Ha IpH ~ 665 MaB
U yKa3aHue Ui robansHol npupoasl cocrosuud fo (1500). Bnepesle naHo 6ecriapaMeTpu-
4ecKOe OMUCAHHUE 7 -(hOHA TIOCPEACTBOM YUeTa JieBOH TOUKH BETBIICHHS B HaIUIEXallei yHHI-
topmusnpymomei nepemerHoi. IlokaszaHo, 4yro 0OGBIYHO MOJTyJaeMBblil B aHaM3aX 0OJIbIION
nn-pOH B JEHCTBUTEIBPHOCTH OOBEIMHSACT BIMSIHUE JIEBOH TOUKH BETBJIEHHMS U BKJIaX LIMPO-
KOro pe3oHaHca HpH ~ 665 MaB. IlonydeHs! KOHCTAHTHI CBSI3H HaOMIOAEHHBIX COCTOSHHIA
cnn-u KK-cucteMamu 1 JutnHB! - B KK -paccesHu. ClyIIIeCTBOBaHI/Ie cocrognus f (665)

0
U NOoy4eHHasd JJIMHa nr -paccesHus (o g =027+ 0,06, m . ), IO-BUJMMOMY, CBHIETEILCTBYIOT

O JIMHEHHON peanu3aliy KHpalbHOW CUMMETPHM.

PaGorta pemosnnena B JlaGoparopum Tteopernueckoil ¢uzuku um. H.H.Boromo6osa
OWsn.

Coobienre OOGBEANHEHHOTO HHCTUTYTA SACPHBIX Mccaenosanuii. yGua, 2000

Krupa D., Nagy M., Surovtsev Yu.S. E2-2000-214
Existence of the o-Meson Below 1 GeV and Chiral Symmetry

In the model-independent approach consisting in the immediate application
to the analysis of experimental data of such general principles as analyticity and unitarity,
a confirmation of the c-meson at ~ 665 MeV and an indication for the glueball nature of the
fo (1500) state are obtained on the basis of a simultaneous description of the isoscalar
s-wave channel of the nn scattering (from the threshold up to 1.9 GeV) and of the nn — KK
process (from the threshold to ~1.4 GeV where the 2-channel unitarity is valid). A parame-
terless description of the nn background is first given by allowance for the left-hand
branch-point in the proper uniformizing variable. It is shown that the large == -background,
usually obtained, combines, in reality, the influence of the left-hand branch-point
and the contribution of a wide resonance at ~ 665 MeV. The coupling constants of the ob-
served states with the =z and KK scattering are obtained. Existence of the f( (665) state

and the obtained nx -scattering length (a8 =0.27+0.06, m;,l ) seems to suggest the linear real-

ization of chiral symmetry.

The investigation has been performed at the Bogoliubov Laboratory of Theoretical
Physics, JINR.
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