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Existence of theo meson below 1 GeV and chiral symmetry
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On the basis of a simultaneous description of the isoscl@ave channel ofr7 scattering(from the
threshold up to 1.9 GeMand themm— KK process(from the threshold to-1.4 GeV where the 2-channel
unitarity is valid, a confirmation of ther meson at-665 MeV and an indication for the glueball nature of the
fo(1500) state are obtained. These results are achieved in the model-independent approach consisting of the
immediate application of such general principles as analyticity and unitarity to the analysis of experimental
data. A parameterless description of ther 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, com-
bines, in reality, the influence of the left-hand branch point and the contribution of a wide resonanéé5at
MeV. The coupling constants of the observed states withrtireand KK systems and lengths of ther and
KK scattering are obtained. The existence of the665) state and the obtainedwr-scattering length 5(8
=0.27+ 0.06[m;+1]) seem to suggest the linear realization of chiral symmetry.
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[. INTRODUCTION because it is required by most modédsich as the lineas
models or the Nambu—Jona-Lasinio mod&$ for sponta-
The problem of scalar mesons is the most troublesomaeous breaking of chiral symmetry. Since all the analyses of
and long lived in light meson spectroscopy. The main diffi-the sswave 77 scattering gave a large background, it
culty in understanding the scalar-isoscalar sector seems to leas said that this stat@f exists) is “unobservably wide.”
related with the possible considerable influence of theRecently, new analyses of the old and new experimental data
vacuum and such effects as the instanton contributions thditave been performed which give a very wide scalar-isoscalar
are difficult to take into account. But there is another diffi- state in the energy region 500—850 M¢¥,8]. However,
culty related to a strong model dependence of information othese analyses use either the Breit-Wigner fdiewen if
multichannel states obtained in analyses based on specifinodified or specific forms of interactions in a quark model,
dynamic models or on an insufficiently flexible representa-unitarized by taking the relevant process thresholds into ac-
tion of states(e.g., the standard Breit-Wigner fojmEspe-  count, or in a multichannel approach to the considered pro-
cially, this concerns scalar mesons due to the weakest kineesses. Therefore, there one cannot talk about results being
matic diminution of their widths. It was observed that the model independent. In addition, in these analyses, a large
scalar mesons are either very large or, if narrow, lie near therm background is obtained. We are going to show that a
channel thresholds. Earlier, we have shd@hthat an inad-  proper detailing of the backgrourtds allowance for the left-
equate description of multichannel states gives not only theihand branch pointpermits us to extract, from the latter, a
distorted parameters when analyzing data but also can caugery wide (but observablestate below 1 GeV even in the
the fictitious states when one neglects impor{aven ener-  “down” solution for the 77 phase shift, and, therefore, it is
getic closedl channels. In this paper conversely, we are go-+ighly important in studying lightest states.
ing, to demonstrate that the large backgrofed., this hap- An adequate consideration of multichannel states and a
pens in analyzingr scattering can hide low-lying states model-independent information on them can be obtained on
(even such important for theory asrameson[2]). With this  the basis of the first principlegnalyticity, unitarity, and
object, a very interesting and instructive history is related| orentz invarianceimmediately applied to analyzing experi-
Majority of analyses rejected this meson by resolving themental data. The way of realization is a consistent allowance
known “up-down ambiguity” in the 700—900 MeV region for the nearest singularities on all sheets of the Riemann
in solutions of thera phase-shift analyses f@ in favor of  surface of theS matrix. The Riemann-surface structure is
the “down” one, because to the “up” solution, one related taken into account by a proper choice of the uniformizing
the €(800) resonance of width-150—-200 MeV. However, variable. Earlier, we have proposed this method for 2- and
some of theorists continued to insist that this state exists3-channel resonances and developed the concept of standard
clusters(poles on the Riemann surfgcs a qualitative char-
acteristic of a state and a sufficient condition of its existence

*Email address: surovcev@thsunl.jinr.ru as well as a criterion of a quantitative description of the
"Email address: krupa@savba.sk coupled-process amplitudes when all the complications of
*Email address: fyzinami@nic.savba.sk the analytic structure due to a finite width of resonances and
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crossing channels and high-energy “tails” are accumulateds follows: signs (Ink,,Imky,)=++,—+,——,+ — corre-

in quite a smooth backgrourid,9,10. Let us stress that for spond to the sheets |, II, lll, IV. Then, for instance, from the

a wide state, the pole positidthe pole cluster one for mul- physical region on sheet | we pass across the cut below the
tichannel statgsis a more stable characteristic than the mas K threshold to sheet Il: above theK threshold, to sheet
and width which are strongly dependent on a model. They,

cluster kind is determined from the analysis of experimental T elucidate the resonance representation on the Riemann
data and is related to the state nature. At all events, we cagyrface, we express analytic continuations of the matrix ele-
in a model-independent manner, discriminate between bounghents to the unphysical sheds, (L=I1111, V) in terms of
states of particles and the ones of quarks and gluons, qualip se on the physical sheﬁiﬁ. Those expressions are con-

tatively predetermine the relative strength of coupling of 3 enient for our purpose because, on sheéthe physical

stat_e with th_e considered channels, and obtain an |nd|cat|0£1heel, the matrix eIementS'aﬁ can have only zeroes beyond
on its gluonium nature.

Since, in this work, a main stress is laid on studying IOW_the real axis. Using the reality property of the analytic func-

est states, it is sufficient to make use of a two-channel apt_|ons and the 2-channel unitarity, one can obtain

proach when considering simultaneously the coupled pro-

cessesmm— mm,KK. Furthermore, in the uniformizing S n_ S|22 |V_d915'

variable, one must take into account, in addition to the e T dets” M S,

branch points corresponding to the thresholds of the pro-

cessesrm— mr,KK, also the left-hand branch-point at | |

=0 related to the background which contains the crossing- 1 :de1S m:i v 1 )

channel contributions. 2 g, 2 dets'’ g,
The layout of the paper is as follows. In Sec. Il, we out-

line the two-coupled-channel formalism, determine the pole

clusters on the Riemann surface as characteristics of multi- . 1S, S, IS

channel states, and introduce a new uniformizing variable, 127 g P12 gl 12:SZ_|'

11 2

allowing for the branch points of the right-hafwhitary) and

left-hand cuts of ther-scattering amplitude. In Sec. II, we Lol o )

analyze simultaneously experimental data on the processé¥re deS=S;;S;,—(S;,)". Provided a resonance has the
mm— KK in the isoscalais wave on the basis of the only decay modél-channel cagein the matrix element, the

presented approach. In the Conclusion, the obtained resuﬁgso_nanceéin the limit 9f its narrow widt is represented by
are discussed. a pair of complex conjugate poles on the second sheet and by

a pair of conjugate zeroes on the physical sheet at the same
points of complex energy. This model-independent statement
Il. TWO-COUPLED-CHANNEL FORMALISM about the poles as the nearest singularities holds also when

L : taking account of the finite width of a resonance. In the case
Considering the multichannel probleimere the 2-channel of two coupled channels, formul#g) immediately give the

one, we pursue two aims: to obtain a mOde'"ndependen}esonance representation by poles and zeroes on the

information about the multichannel resonances and an indiy_¢haated Riemann surface. Here one must discriminate be-
cation about their QCD nature, and to descnb_e the EXPelliyeen three types of resonances which have the following
mental data on the coupled processes. The first purpose

. . tlﬁpresentstions(a) a pair of complex conjugate poles on
acmeved _through _the acc;qunt of the ”e"".(mhe phygcgl sheet Il and, therefore, a pair of complex conjugate zeroes on
region of interestsingularities of theS matrix. Herewith it is

) : . the first sheet ir5;;; (b) a pair of conjugate poles on sheet
important to analyze simultaneously experimental data O\ and. therefore. a pair of complex conjugate zeroes on
the coupled processes. ' '

) — sheet 1inS,,; (c) a pair of conjugate poles on each of sheets
Here we consider the coupled processesraf andKK | and |V, that is, a pair of conjugate zeroes on the physical
scattering andwm—KK. Therefore, we have the two- sheet in each of matrix elemertts; andS,,.
channelS matrix determined on the 4-sheeted Riemann sur- As seen from Eq(2), to the resonances of typéas) and
face. The Smatrix elements S,;, where «, (b) one has to make correspond a pair of complex conjugate
=1(mw),2(KK), have the right-handunitary) cuts along Poles on sheet Ill which are shifted relative to a pair of poles
the real axis of the-variable complex plane, starting at the on sheet Il and IV, respectivelfif the coupling among
points 4m? and 4nZ and extending tee, and the left-hand channels were absent, i.653,=0, the poles on sheet Il
cuts, which are related to the crossing-channel contribution$/ould lay exactly(@ under the poles on the second shee,
and extend along the real axis towardse and begin as  above the poles on the fourth shétor the states of type)
—0 for S;; and at 4(n2—m2) for Sy, andS;,. We number ~ ©N€ must consider corresponding two pairs of conjugate

the Riemann-surface sheets according to the signs of analyRP€S on sheet Il which are reasonably expected to be a pair
continuations of the channel momenta of the complex conjugate compact formations of poles. Thus,

we arrive at the notion of three standard pole clusters which
21 2 1 represent two-channel bound states of quarks and gluons. It
ki=(s/4—m7)™,  kp=(s/4—my) (D is convenient to distinguish between those clusters according
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to the presence of zeroes, corresponding to the state, on the4] and in the two-channel orld1]. In Ref.[11], the uni-
physical sheet in matrix elemeB; (a), Sy, (b), or in both  formizing variablek, has been used, therefore, their ap-
(). proach cannot be employed near the threshold)

Note that this resonance division into types is not formal. \when analyzing the processesm— mm,KK by the
In paricular, the resonance, coupled relatively more stronglyhove methods in the 2-channel approach, two resonances
to the first (w7) channel than to the secon&K) one, is  [f,(975) andfy(1500)] are found to be sufficient for a sat-
described by the pole cluster of typ®; in the opposite case isfactory description ¥%/Npe~1.00). However, in this case,
it is represented by the cluster of tyjjle) (say, if it has a a largeww-background has been obtained. The character of
dominantss component Finally, since the most noticeable the background representati¢tie pole of second order on
property of a glueball is the flavor-singlet structure of itsthe imaginary axis on sheet Il and the corresponding zero on
wave function and, therefordexcept the facton/2 for a sheet ] suggests that a wide light state is possibly hidden in
channel with neutral particlgst has practically equal cou- the background. To check this, one must work out the back-
pling with all the members of the nonet, then a glueball mus@round in some detail.
be represented by the pole cluster of typeas a necessary ~ Now we will take into account also the left-hand branch-

condition. point ats=0 in the uniformizing variable
Just as in the 1-channel case, the existence of a particle 5 5
bound-state means the presence of a pole on the real axis B My \/S—4m5 +m,,/s—4my

4

under the threshold on the physical sheet, so in the 2-channel v=

e Js(mg—m?)
case, the existence of a bound state in chann& R (nol-
eculg, which, however, can decay into channel 47 de-  The variablev maps the 4-sheeted Riemann surface, having
cay), would imply the presence of a pair of complex conju- (in addition to the two above-indicated unitary quadso the
gate poles on sheet Il under the threshold of the seconkft-hand cut starting at the poist=0, onto thev plane! It
channel without an accompaniment of the correspondings convenient to write also the functiagv)
shifted pair of poles on sheet Ill. Namely, according to this

test, earlier an interpretation of tlig(980) state a&K mol- < 16mzm2v? 5
ecule has been reject¢d],9,11. - m2—m2 ) (o—b)o+tb)o—b Dotb- 1)’
Generally, formulag?2) are a solution of the 2-channel (Mic = (v=b)(v+b)(v ) )

problem in the sense of giving a chance to predet the |\ harep= J(me+m_)/(mc—m.) is the point into whichs

basis of the data on one proce#ise coupled-process ampli- _ is mapped on the plane. The symmeitry properties of
tudes under a certain conjecture about the background. We,q functi(?r? P ' y ¥ prop

made this earlier in the 2-channel approdéf. It was a

success to describg{/ndf~1.06) the experimental isosca- s(v)=s(—v)=s(v H=s(—v H=s*(v*) (6)

lar swave of 7rr scattering from the threshold to 1.9 GeV, to

predict satisfactorilyon the basis of data onm scattering  demonstrate which points on theplane correspond to the
the behavior of thes wave of mm— KK process approxi- Same point on the plane.

mately up to 1.25 GeV. To take account of the proper right- In Fig. 1, the plane of the uniformizing variabdefor the
hand branch points, the corresponding uniformizing variabler-scattering amplitude is depicted. The Roman numerals
has been used. However, for the simultaneous analysis df, .. .,IV) denote the images of the corresponding sheets of
experimental data on the coupled processes it is more cothe Riemann surface; the thick line represents the physical
venient to use the Le Couteur—Newton relatiphg] repre-  region; the pointsi, 1, andb correspond to therm, KK
senting compactly all features given by formu{@sand ex-  thresholds, ands=, respectively; the shaded intervals
pressing theSmatrix elements of all coupled processes in(—« —b], [~b~%, b~!], [b, «) are the images of the cor-
terms of the Jost matrix determinad(k,,k;)=d(s), the  responding edges of the left-hand cut. The depicted positions
real analytic function with the only square-root branch pointsof poles (*) and of zeroesd) give the representation of the
at the process thresholds=0 [13]. These branch points type (a) resonance itS;;. In Fig. 1, a very symmetric picture
should be taken into account in the corresponding uniformizis shown which ensures the known fact that the interac-

ing v.r;riabtl.e. I;arli%r{ ttr?is W."}‘s dgqe by us l;ln the 2'Ch"’mne{ion is practically elastic up to thiKK threshold[the contri-
consideratior{9] wi € uniformizing variable bution of the multiparticle states 4 67) is negligible
within the up-to-date experiment accurdcyhis property of

_ kitk g themm interaction is satisfied since the poles and zeroes are
z= \/W 3 symmetric to each other with respect to the unit circle. If the
™

7rar scattering were elastic also above ti& threshold,
which was proposed in Ref13] and maps the 4-sheeted there would be the symmetry of the poles and zeroes with
Riemann surface with two unitary cuts, starting at the points
4m? and 4m , onto the plane(Note that other authors have
used the parametrizations with the Jost functions in analyz- The analogous uniformizing variable has been used, e.g., in Ref.
ing the swave 7 scattering in the one-channel approach[15] in studying the forward elastipp scattering amplitude.
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FIG. 2. The energy dependence of the phase shif} of the
FIG. 1. Uniformization plane for thermr-scattering amplitude. ~ 7m-scattering amplitude obtained on the basis of a simultaneous
The Roman numerals (I...,IV) denote the images of the corre- analysis of the experimental data on the coupled processes
sponding sheets of the Riemann surface; the thick line represents. ﬂw,KE in the channel with €JP¢=0%0**. The data on the
the physical regioifthe pointsi, 1, andb correspond to therm, KK mrar Scattering are taken from Refd.6].
thresholds, and= o, respectively; the shaded lines are the images
of the corresponding edges of the left-hand cut. The depicted posi- M
tions of poles (*) and of zeroes) give the representation of the de=v M H (1-v}iv)(1+ovw), (11
type (a) resonance irg;; . n=1

respect to the real axis. The symmetry of the whole picturavhere n runs over the independent zeroes; therefore, for
relative to the imaginary axis ensures the property of the redesonances of the typéa) and(b), n has two values, for the

analyticity. type (c), four values;M is the number of pairs of the conju-
On thev plane the Le Couteur—Newton relations aredate zeroes.
(9,13
I1l. ANALYSIS OF EXPERIMENTAL DATA.
d(-v™h div™h , d(-v)
SlFW, = "d(v) S1152— SlZZW- Using the described 2-channel approach, we analyze si-
7) multaneously the available experimental data on the
scatteringd 16] and the process7— KK [17] in the channel
Then, the condition of the real analyticity implies with 18JP€=0"0"". As data, we use the results of phase
. . analyses which are given for phase shifts of the amplitudes
d(—v*)=d"(v) 8 (8, andé,,) and for moduli of theSmatrix elementsy; (the

. : . elasticity parameterand &:
for all v, and the unitarity needs the following relations to yp ? ¢

hold true for the physicab values: S,=7.6%% (a=12), S,=iée’2 (12)

d(—v YH|=|dw)], [dv H|<=|d(w)],
|d(=vDI<ld@)],  [d™HI<|dw)] (Remember that “1” denotes here ther channel and “2”

|d(—v)|=|d(v)]. (9) denoteskK.) The 2-channel unitarity condition gives

The d function that on the» plane does not already possess m=m=n£E=(1-9)" 06,=6,+5,. (13
branch points is taken as

We have taken the data on thew scattering from the

d=dgdres, (100 threshold up to 1.89 GeV. Then, comparing experimental

data for¢ with values ofé¢, calculated by Eq(13) with the
where dg=B,By; B, contains the possible remaining yse of experimental points for the elasticity parameteone
m-background contribution, related to exchanges in crosscan see that the 2-channel unitarity takes place 104 GeV.
ing channelsBy is that part of theKK background which To obtain the satisfactory description of teavave
does not contribute to therswr-scattering amplitude. The scattering from the threshold to 1.89 GéWgs. 2 and 3 we
most considerable part of the background of the consideredave takerB,.=1 in Eq.(10), and three multichannel reso-
coupled processes related to the influence of the left-handances turned out to be sufficient: the two ones of the type
branch point ats=0 is taken into account already in the (a) [f,(665) andf,(980)] and fy,(1500) of the type(c).
uniformizing variablev (4). The functiond,.s(v) represents Therefore, in Eq(11) M =8 and the following zero positions
the contribution of resonances, described by one of threen thev plane, corresponding to these resonances, have been
types of the pole-zero clusters, i.e., except for the point established in this situation with the parameterless descrip-
=0, it consists of zeroes of clusters tion of the background:
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FIG. 3. The same as in Fig. 2 but for the elasticity paramster FIG. 4. The energy dependence of tH&¢) obtained on the
basis of a simultaneous analysis of the experimental data on the
for fo(665: v,=1.36964+0.208632, coupled processestm— 7w, KK in the channel with1©3P¢
=0"0"". The data on the processm—KK are taken from
Ref.[17].

v,=0.921962-0.25348,

mgyms—2m2+im,,

2
™

for f5(980): wv3=1.04834+0.0478652,

v 2
mg—m
v4=0.858452-0.0925771,

on the unit circle on the plane, go along it up to the imagi-
nary axis, and occupy the latter. This left-hand cut will be
neglected in the Riemann-surface structure, and the contribu-

tion on the cut will be taken into account in thek back-
ground as a pole on the reslaxis on the physical sheet in

the subKK-threshold region. On the plane, this pole gives

two poles on the unit circle in the upper half-plane, symmet-
ric to each other with respect to the imaginary axis, and two
vg=0.793914-0.0266319. zeroes, symmetric to the poles with respect to the real axis,

) o i.e., at describing the processr— KK, one additional pa-
Here for the phase shiif; and the elasticity parametef,  rameter is introduced, say, a positipiof the zero on the unit

113 and 50 experimental poinits6], respectively, are used; circle. Therefore, foBy in Eq. (10) we take the form
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 fgwhich give Bx=v 4(1-pv)*(1+p*v)™ (14)
an anomalously large contribution tg?, we obtain for
x’INpg the values 2.7 and 0.72, respectively; the totalThe fourth power in Eq(14) is stipulated by the following.
X?INpg in the case ofrr scattering is 1.96. First, a pole on the rea axis on the physical sheet By, is
With the presented picture, the satisfactory description fomccompanied by a pole in sheet Il at the sawalue[as is
the modulus €) of the w7— KK matrix element is given seen from Egs(2)]. On thev plane, this implies the pole of
from the threshold to~ 1.4 GeV (Fig. 4). Here 35 experi- Second ordefand also zero of the same order, symmetric to
mental point§17] are usedy?/ Npr~1.11 when eliminating the pole with respect to the real axisSecond, for the
the points at energies 1.002, 1.265, and 1.287 Gelth an  s-channel processrm— KK, the crossingu andt channels
especially large contribution tg?). However, for the phase are ther-K and7-K scatteringexchanges in these channels
shift 615(s), a slightly excessive curve is obtained. There-give contributions on the left-hand gufThis results in an
fore, keeping theparameterlessiescription of ther back-  additional doubling of the multiplicity of the indicated pole
ground, one must take into account the part of ki€ back-  on thev plane. Zeroes of the fourth order Bx (and, respec-
ground that does not contribute to thew-scattering tively, poles of the fourth order in th&K amplitude pro-
amplitude. Furthermqre, this _contni;_uuhon Is to be elastic. jje 5 petter description of tHeK background than the ones
Note that the variablev is uniformizing for the ¢ e first order in our recent wol8]. One can verify that
mm-scattering amplitude, i.e., on the plane, Sy, has N0 4 eyxpression14) does not contribute t8,;, i.e., the pa-
cuts, however, the amplitudes of theK scattering andrm  rameterless description of thew background is kept. A
—KK process do have the cuts on theplane, which arise  satisfactory description of the phase shift(\/s) (Fig. 5 is
from the left-hand cut on the plane, starting at the poirt  obtained to~1.52 GeV with the value of the parameter
=4(mﬁ—mf,). Under thes—uv conformal mappind4), this ~ =0.94820%-0.31767 (this corresponds to the pole position
left-hand cut is mapped into cuts which begin at the pointson the s plane ats=0.434 GeV). Here 59 experimental

for fo(1500: wv5=1.258% 0.0398898,
ve=1.2323-0.0323298,

v7=0.809818-0.019354,
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400 TABLE I. Pole clusters for obtained resonances.
300 | fo(665) f4(980) f4(1500)
_ Sheet E, MeV I', MeV E, MeV I, MeV E, MeV T, MeV
£
;iﬁ) 200 - I 61014 620+26 988:5 27+8 153025 390+30
= I 72015 55t9 984+16 210+22 1430:35 200+30
%<} 100 | | 1510+22 400t 34
v 1410+24 210+-38
0 | | | | . . .
0.9 1 o112 13 14 15 16 able to report characteristics of pole clusters which must be
s [GeV] rather stable for various models.

Now we can calculate the coupling constants of the ob-

tained states with therw-“1”" and KK-“2” systems
through the residues of amplitudes at the pole on sheet II.
points [17] are ConsideredXZ/ND,:~3.05 when eliminating Expressing thd matrix via theS matrix as

the points at energies 1.117, 1.247, and 1.27 @sNh an

especially large contribution tg?). The total y?/Npg for Si=1+2ip;Ti, Sip=2iVp1psT12, (15)
four analyzed quantities to describe the coupled processes

ma— KK is 2.12. The number of adjusted parameters isvhere p;= /(s—4m?)/s, and taking the resonance part of

17, where they allexcept the single one related to ti&  the amplitude in the form
backgroungl are positions of poles describing resonances.

In Table I, the obtained poles on the corresponding sheets res_ o R-l
of the Riemann surface are shown on the complex energy Tij —Z 919D (), (16
plane (Js,=E,—iT,). We stress that these are not masses
and widths of resonances. Since, for wide resonances, valuggere D,(S) is an inverse propagatdD,(s)xs—s;], we
of masses and widths are very model dependent, it is reasodefine the coupling constants as

FIG. 5. The same as in Fig. 4 but for the phase shift).

2 .~2 _
16mim? vi?—uvy 2 Sij(v)

lim (1-vf
3 —12) | (07— B2 (0 P—b A(wF P—bAwF 2—b 2, e Y

-1 VPiPj .

17

gi9;=

*
UHUI,

Here we denote the coupling constants with the andkKK  Sults: the pole positions, coupling constants, and scattering
Systems througgl andgzl respective'y_ The obtained Va'ues |engthS. The former can be Used further fOI‘ Calculatlng

of the coupling constants of the observed states are given iasses and widths of these states in various models.
Table II. If we suppose that the obtained stdig665) is theo

In this 2-channel approach, there is no point in calculatingneson, then from the known relation of tremodel between
the coupling constant of thé,(1500) state with thek K. the coupling constant of the with the 77 system and
system, because the 2-channel unitarity is valid only to 1.4nasses
GeV and above this energy there is a considerable disagree-
ment between the calculation of the amplitude mod8us mi_ me
and the experimental data. Oorn=""=,

Let us indicate also scattering lengths calculated in our \/Efwo

approach. For th&KK scattering, we obtain
(heref o is the constant of the weak decay of thé: f_o

ag(KE) =—1.188+0.13+(0.648+0.09i, [m;i].
TABLE II. Coupling constants of the observed states with the

A presence of the imaginary partaﬁ(Kf) reflects the fact, = (g;) andKK (g,) systems.
that already at the threshold of tKé&K scattering, other chan-

nels (2, 4, etc) are opened. fo(665) fo(980) fo(1500)
In Table Ill, we compare our result for ther scattering g, GeV  0.7477-0.095  0.16150.03  0.8990.093
length ag with results of some other works both theoretical g, Gev 0.834-0.1 0.438-0.028

and experimental. We here presented model-independent re
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TABLE lIl. Comparison of results of various works for ther scattering lengttal.

ag, m_: References Remarks
0.27+0.06 our paper model-independent approach
0.26+0.05 L. Rosselett al.[16] analysis of the decal{ — wmev
using Roy’s model
0.24+0.09 A.A. Bel'kov et al.[16] analysis of the process p—#" 7 n
using the effective range formula
0.23 S. Ishideet al. [6] modified analysis ofr# scattering
using Breit-Wigner forms
0.16 S. Weinberg19] current algebrdnonlinearc mode)
0.20 J. Gasser, H. Leutwyl¢20] theory with one-loop corrections,
nonlinear realization of chiral symmetry
0.217 J. Bijnen®t al. [21] theory with two-loop corrections,
nonlinear realization of chiral symmetry
0.26 M.K. Volkov[22] theory with

linear realization of chiral symmetry

=93.1 Me\), we obtainm, ~342 MeV. That small value of Nambu-Jona-Lasinio and other modettescribe perfectly
the o mass can be in part a result of the mixing with thethe ground states and related phenomena. The only weak link
f0(980) statd 23]. of this approach was the absence of theneson below 1
GeV. Note also that th&y,(665) changes but does not solve
IV. CONCLUSIONS the problem of unusual properties of the scalar mesons that
. . prevent the scalar nonet to be made up.
In the present work, in the model-independent approach | gt us also notice that the character of h€665) pole

consisting in the immediate application of first principles ¢ ster(namely, a considerable shift of the pole on sheet Iil
(analyticity causality and unitarifyto the analysis of experi- towards the imaginary axican point to the unconsidered

mental data, a satisfactory simultaneous description_of thghannel with which this state is, possibly, strongly coupled

isoscalars-wave channel of the processesm— 7™, KK gnd the threshold of which is situated below 600 MeV. In

from the thresholds to the energy values, where thgnis energy region, only one channel is opened: this is the 4
2-channel unitarity is valid, is obtained with three states;, nne| 't is interesting to verify this assumption, because it
[ fo(665)— o meson,fy(980) andf,(1500)] that are suffi-

ent 10 d ibe th vzed data. A terl d .concerns the above important state.
clent fo describe e analyzed data. A parameteriess aescrp- rp,;q analysis does not reveal tHg(1370) resonance.

tion of thesrr background is first given by allowance for the Therefore, if this meson exists, it must be weakly coupled

left-hand branch-point in the proper uniformizing variable. It " . ) .
is shown that theplargmr bacl?kg?ound, usually gbtained in with the 77w channel, i.e., be described by the pole cluster of

various analyses, combines, in reality, the influence of thdype (b) [this would testify to the dominarsts component in
left-hand branch-point and the contribution of a wide reso-this state; as to that assignment of thg§1370) resonance,
nance at~665 MeV. Thus, a model-independent confirma-we agree, e.g., with the woifR5]].

tion of the state, already discovered in other wdiks8| (or The f((1500) state is represented by the pole cluster on
claiming this discoveryand denoted in the PDG issues by the Riemann surface of th® matrix of type(c) which cor-
fo(400—1200)[2], is obtained. This is thee meson required responds to a glueball. This type of clustee., the presence

by majority of models for spontaneous breaking of chiralof zeroes, corresponding to the state, on the physical sheet of

symmetry. Note also that a light meson is needed, for poth 77 andKK scattering reflects the flavor-singlet struc-
example, for an explanation &f— 7 transitions using the e of the glueball wave function and is only a necessary

Dyscr)]n-sd_chwinger Toﬁgm]' I _ condition of the glueball nature of tHe(1500) state. Let us
Tte |s;:(i\éery 0 It 0(665) fStat.? st(?]v;as onel |tmgotrta?r: also pay attention to the strong coupling of thg1500)
mystery ot the scajar-meson family that 1S related 10 ey e with the mar system, and to that in the model-
Higgs boson of the hadronic sector. This is a result of prin- . o
. . o independent approach, one can obtain a qualitative
ciple, because the schemes of nonlinear realization of thed. i h | s th dmixt f oth tat
chiral symmetry have been considered which do without thdndication—now arge. IS the admixiure o .O er states

Higgs mesons. One can think that a linear realization of thédd,dqg, etc)? To this end, one must consider ther
chiral symmetry(at least, for the lightest states and related— KK process in our 3-channel approddj and determine
phenomengis valid. First, this is a simple and beautiful the coupling constants of thig(1500) with the other mem-
mechanism that works also in other fields of physics, forbers of the pseudoscalar nonet.

example, in superconductivity. Second, the effective We emphasize that the obtained results are model inde-

Lagrangians obtained on the basis of this mecharnigm pendent, since they are based on the first principles and on
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the mathematical fact that a local behavior of analytic func-by some dynamic assumptions, but this is another approach
tions, determined on the Riemann surface, is governed by th@and of other value.
nearest singularities on all sheets.
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