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Theisoscalars-waves of the wr scattering(from the thresholdup to 1.9 GeV) and of the
nm — KK procesgfrom thethresholdto ~ 1.46 GeV) areanalyzedsimultaneouslyn the
model-independerdapproach.A confirmationof the o-mesonat ~ 665 MeV and an indi-
cationfor the glueballnatureof the fo(1500) stateareobtained. It is shavn thatthe large
wm-backgroundusuallyobtained combinesjn reality, theinfluenceof theleft-handbranch-
point andthe contrikution of a wide resonancet ~ 665 MeV. A minimum scenarioof the
simultaneouslescriptionof the processesm — ww, KK doeswihtout the f,(1370) reso-
nance.A versionincludingthis stateis alsoconsideredIn this casethe fo(1370) resonance
hasthedominantss componenttheratio of its couplingconstanwith thewr channeto the
onewith the KK channels 0.12). Thecouplingconstantsf theobseredstateswith the rm
andK'K systemsandtherm and K'K scatterindengthsareobtained.

PACS: 14.40.Cs,11.80.G2.39.Ki,13.75.Lb

1 Intr oduction

The problemof scalarmesonsis the most troublesomeand long-lived in light mesonspec-
troscopy. Amongdifficultiesin their understandinghereis the onerelatedto a strongmodel-
dependencef information on multichannelstatesobtainedin analysesdasedon the specific
dynamicmodelsor using an insufficiently-flexible representatiorof states(e.g., the standard
Breit—Wignerform). Earlier, we have showvn [1] thataninadequatelescriptionof multichannel
stateggivesnot only their distortedparameter$ut also cancausethe fictitious statesvhenim-
portant(even enepgetic-closedrhannelsareneglected. In this paperwe are going, corversely
to demostratehatthelargebackgrounde.g., thathappensn analyzingrn scattering)canhide
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low-lying statesgvensuchimportantfor theoryasa c-meson2]. Thelatteris requiredby most
of themodels(lik e thelinearo-modelsor theNamhu — Jona-Lasinianodelg3]) for spontaneous
breakingof chiral symmetry Recennhew analyse®f old andnew experimentatatafoundapos-
siblecandidatdor thatstate[4]- [8]. However, theseanalysesiseeitherthe Breit— Wignerform
(evenif modified)or specificformsof interactionsthereforethereonecannotalk aboutamodel
independencef results.Besidesjn theseanalysesa large n-backgrounds obtained.

A model-independerinformation on multichannelstatescan be obtainedon the basisof
the first principles(analyticity, unitarity) immediatelyappliedto analyzingexperimentaldata.
Theway of realizationis a consistentllowancefor the nearessingularitieson all sheetf the
Riemannsurfaceof the S-matrix. Earlier, we have proposedhis methodfor 2- and 3-channel
resonanceanddevelopedthe concepif standarctlustersof poleson the Riemannsurfaceasa
gualitative characteristiof a stateanda sufficient conditionof its existence[1, 9]. The cluster
kind is relatedto the statenature.At all events,we can,in a model-independemhanneydistin-
guishbetweerboundstatesof particlesandthe onesof quarksandgluons[1, 10], qualitatively
predetermingherelative strengthof couplingof a statewith theconsidered¢thannelsandobtain
anindicationonits gluoniumnature.

The layout of the paperis asfollows. In Section2, we outline a model-independenter-
sion of two-coupled-channdbrmalism, determinethe possiblepole-clusterson the 4-sheeted
Riemannsurface as characteristicof multichannelstates,and introducea new uniformizing
variable,allowing for the branch-pointof theright-hand(unitary) andleft-handcutsof the z-
scatteringamplitude.In Section3, we analyzesimultaneouslgxperimentabataontheprocesses
nm — 7, KK in theisoscalais-wave in the presentecdpproachOn the basisof obtainedpole
clustersfor resonancegheir coupling constantswith the considerecchannelsandthe scatter
ing lengths,comparedwith the resultsof variousmodels,we make conclusionon the natureof
the obsened statesandon the mechanisnof chiral-symmetrybreaking.In the Conclusion the
obtainedresultsarediscussed.

2 Two-Coupled-ChannelFormalism

Herewe restrictoursehesto a 2-channekimultaneougonsideratiorof the coupledprocesses
nr — 7w, KK. Thereforewe have the 2-channelS-matrix determinedon the 4-sheeteRie-
mannsurface. Thematrix elementsS, 5, wherea, 3 = 1(77), 2(K K ), have theright-handcuts
alongtherealaxisof the s-plane,startingat4m? and4m?., andtheleft-handcuts,beginningat
s = 0 for S1; andat4(m? — m2) for Sz; andS;2. We numberthe Riemann-sudcesheetsac-
cordingto thesignsof analyticcontinuation®f thechannemomentak; = (s/4—m2)'/2, ky =
(s/4 —m3%)'/? asfollows: signs(Imky, Imks) = ++, —+, ——, +— correspondo thesheets
[, 1, 10 V.

To elucidatethe resonanceepresentatioon the Riemannsurface,we expressanalyticcon-
tinuationsof the matrix elementgo the unphysicalsheetss(fg (L = II1,1I1,1IV) in termsof
thoseonthe physicalsheetS‘iﬁ. Thelatterhave, exceptfor therealaxis,only zeroscorrespond-
ing to resonancedJsingthereality propertyof theanalyticfunctionsandthe 2-channelnitarity,
onecanobtain
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Heredet ST = 51,51, — (51,)% (S1,)? = —s 1\/(s — 4m2)(s — 4m2) F(s); in thelimited
enepy interval, F'(s) is proportionalto the squaredroductof the couplingconstant®f the con-
sideredstatewith channeldl and2. Formulae(1) immediatelygive theresonanceepresentation
by polesandzeroson the 4-sheetedRiemannsurface.Onemustdistinguishbetweerthreetypes
of 2-channelesonancedescribedyy a pair of conjugatezeroson sheet: (a) in S11, (b) in Sas,
(c) in eachof S1; andSs2. As seenfrom (1), to the zeroscorresponding resonancesf types
(a) and(b) therecorresponda pair of complex conjugatepoleson sheetlll, shiftedrelativeto a
pair of poleson sheetll andlV, respectiely. To the statesof type (c) onemustconsidercorre-
spondingtwo pairsof conjugatepoleson sheetlll. A resonancef everytypeis representety
apair of complex-conjugateclusters(of polesandzeroson the Riemannsurface)of sizetypical
of stronginteractions. The clusterkind is relatedto the statenature. The resonancecoupled
relatively more stronglyto the 7z channelthanto the KK one,is describedoy the clusterof
type (a); in the oppositecaseit is representedby the clusterof type (b) (say the statewith the
dominantss component)theflavour singlet(e.g. glueball)mustberepresentetdy the clusterof
type(c) asanecessargondition.

For the simultaneousnalysisof experimentaldataof the coupledprocessegt is corvenient
to usethe Le CouteurNewton relations[11] expressingthe S-matrix elementsof all coupled
processefn termsof the Jostmatrix determinant!(k,, k2), the real analyticfunction with the
only square-roobranch-pointatk; = 0. Thesebranchpointsshouldbetakeninto accounin the
correspondinginiformizingvariable.Earlier, thiswasdoneby usin the2-channetonsideration
[9] with theuniformizingvariablez = (ki + k2)/+/m3. — m2 whichwasproposedn Ref.[12]
andmapsthe 4-sheetedRiemannsurfacewith two unitary cuts,startingat4m?2 and4m?, onto
theplane.Notethatotherauthorshave alsoappliedthe parametrizationssingthe Jostfunctions
at analyzingthe s-wave nr scatteringin the one-channehpproach13] andin the 2-channel
one[10]. In latterwork, the uniformizing variablek, hasbeenused,therefore their approach
cannotbe appliednearthe wr threshold.

Whenanalyzingthe processesr — mr, K K by the above methodsin the 2-channelap-
proach,two states(f5(975) and f,(1500)) werefoundto be suficient (x2/ndf ~ 1.00). How-
ever, therehasbeenobtaineda large rm-background.The characteof the representationf the
backgroundthe pole of 2nd order on the real axis on sheetll andthe correspondingeroon
sheetl) suggestshatawide light stateis possiblyhiddenin the backgroundTo checkthis, one
mustwork outthe backgroundn somedetail.

Now we take into accountalso the left-hand branch-pointat s = 0 in the uniformizing
variable

_mi/s —4AmZ 4+ mgy/s —4m3,

B s(m% —m2)

(2)

Thevariablev mapsthe 4-sheetedRiemannsurface,having (in additionto two above-indicated
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Imv

[ - oI

Fig. 1. Uniformizationplanefor the rr-scatteringamplitude.

unitary cuts)alsotheleft-handcutstartingat s = 0, ontothewv-plane®. In Fig. 1, theplaneof the
uniformizingvariablev for the rr-scatteringamplitudeis depicted.The Romannumeralq]l,. . .,
IVV) denotetheimagesof the correspondingheetsthethick line representshe physicalregion;
the pointsi, 1 andb = +/(mx + my)/(mx — m,) correspondo the 7w, KK thresholdsand
s = oo, respectiely; theshadedntervals (—oo, —b], [-b~1, b71], [b, o) aretheimagesof the
correspondingedgesof the left-handcut. The depictedpositionsof poles(x) andof zeros(o)
givetherepresentatioof thetype (a) resonancén S;.
Onwv-planethe Le CouteurNewtonrelationsare[9, 12]

Sop = 511522 — 5122 = —F—

St = ——2 3
v

The conditionof the realanalyticity impliesd(—v*) = d*(v) for all v, andthe unitarity needs

thefollowing relationsto hold truefor the physicalv-values:|d(—v )| < [d(v)|, |d(v™1)| <

()], |d(=v)| = |d(v)].

The d-function that on the v-planealreadydoesnot posses$ranch-pointss takenas d =
dpd,.s, where dg = B, Bk ; B, containghe possibleremainingr-backgrounctontribution,
relatedto exchangesn crossingchannels;By is that partof the K’ K backgroundwvhich does
not contribute to the wr-scatteringamplitude. The function d,..s (v) representshe contribution
of resonancegjescribedy oneof threetypesof the pole-zeroclusters;.e., exceptfor the point

4The analogousuniformizing variablehasbeenused,e.g., in Ref.[14] at studyingthe forward elasticpp scattering
amplitude.
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v = 0, it consistf zerosof clusters:

M
dres =M H(l —vrv)(1 + vyv), 4)

n=1

whereM is the numberof pairsof the conjugatezeros.

3 Analysis of experimental data.

Herewe analyzesimultaneouslythe available experimentaldataon the nr-scattering[15] and
theprocessrr — KK [16] in thechannelwith I1¢.J7¢ = 0+t0++. As data,we usetheresults
of phaseanalysesvhich aregivenfor phaseshifts of theamplitudeg¢; andd;>) andfor moduli
of the S-matrix elements); = |S,,| (a=1r7,2KK) and¢ = |S12|. The 2-channelunitarity
conditiongives 71 = =1, &= (1 — )2, 612 = 61 + da.

To obtainthe satishctory descriptionof the =7 scatteringfrom the thresholdto 1.89 GeV,
we have taken B, = 1, andthreestatesurnedout to be sufiicient: the two onesof thetype (a)
(f0(665) and f5(980)) and fo(1500) of thetype(c). Thefollowing zeropositionsonthev-plane,
correspondingo theseresonances)ave beenestablished:

for fo(665): v =1.36964 4 0.208632i,  ve = 0.921962 — 0.253484,

for fo(980): w3 =1.04834+ 0.0478652¢, vy = 0.858452 — 0.09257714,

for fo(1500) : w5 = 1.2587+ 0.03988937,  vg = 1.2323 — 0.03232984,
vy = 0.809818 — 0.019354%, wvg = 0.793914 — 0.0266319:.

Herefor thenr phaseshift §; andtheelasticityparameter), 113and50 experimentapoints[15],

respectiely, areused;whenrejectingthe pointsat 0.61,0.65,and0.73GeV for §; andat0.99,
1.65,and 1.85 GeV for n, which give an anomalouslylarge contrikution to x2, we obtainfor

x?2/ndf the values2.7 and 0.72, respectiely; the total x?/ndf in the caseof the = scattering
is 1.96. The correspondingurves(solid) demonstratinghe quality of thesefits are shavn in

Figs.2 and3.

With the presentegbicture, the satistictorydescriptiorfor themodulus(¢) of therr — KK
matrix elementis given from the thresholdto ~ 1.4 GeV (Fig. 4, the solid curve). Here 35
experimentapoints[16] areused;x? /ndf ~ 1.11 wheneliminatingthe pointsatenegies1.002,
1.265,and1.287GeV (with especiallylarge contribution to x2). However, for the phaseshift
d12(s), slightly excessve curveis obtained.Therefore keepingthe parameterless descriptionof
the 77 backgroundpne musttake into accountthe part of the KX backgroundhat doesnot
contributeto the rr-scatteringamplitude.

Notethatonthev-plane,S;; hasno cuts;however, the amplitudesof the processed( K —
7w, KK do have the cuts which arisefrom the left-handcut on the s-plane, startingat s =
4(m?%, — m2). This left-handcut will be neglectedin the Riemann-surdcestructure,andthe
contribution on the cut will be taken into accountin the KK backgroundasa pole on the real
s-axis on the physicalsheetin the sub-K K-thresholdregion. On the v-plane,this pole gives
two poleson the unit circle in the upperhalf-plane,symmetricto eachotherwith respecto the
imaginaryaxis, andtwo zeros,symmetricto the poleswith respectto the real axis, i.e., one
additionalparameteis introduced(a positionp of the poleontheunit circle). Thereforefor Bx
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Fig. 2. The enegy dependencef the phaseshift §; of the 7=« scatteringamplitudeobtainedon the
basisof a simultaneousinalysisof the experimentaldataon the coupledprocessest — nw, KK in the
channelwith 1¢.77¢ = 0*0** for both versions— without andwith the fo(1370) state:the solid curve
correspondso versionl; the dot-dasheane,version2 (for §; the both curvespracticallycoincide). The

dataonthe = scatteringaretakenfrom Refs.[15].
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Fig. 3. Thesameasin Fig. 2 but for the elasticityparameter.
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Fig. 4. Theenegy dependencesf the (]S12[) for bothversionswithout andwith the fo (1370) state:the
solid curve correspondso versionl; the dot-dashene,version2. The dataonthe processtm — KK

aretakenfrom Refs.[16].
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Fig. 5. Thesameasin Fig. 4 but for the phaseshift (612).

we take theform
Bx =v (1 —pv)*(1 +p*o)*. (5)

Thefourth powerin (5) is stipulatedby thefollowing. First, a pole on thereal s-axison sheetl
in S35 is accompaniedby a pole on sheetll atthe sames-value(asit is seenfrom egs.(1)); on
thev-plane thisimpliesthepoleof secondbrder Secondfor the s-channeprocessrr — KK,
thecrossingu- and¢-channelsarether — K andw — K scatteringexchangesn thesechannels
give contritutionson theleft-handcut). Thisresultsin theadditionaldoublingof themultiplicity
of the indicatedpole on the v-plane. The expression(5) doesnot contributeto S1,, i.e. the
parameterlesdescriptionof the 77 backgrounds keptintact.

A satishctorydescriptionof the §12(+/s) (Fig. 5, the solid curwe) is obtainedto ~1.52GeV
with the parametep = 0.948201 + 0.31767¢ (this correspondso the pole positionon the s-
planeat s = 0.434GeV?). Here59 experimentalpoints [16] are considered;y?/ndf ~ 3.05
wheneliminatingthe pointsat1.117,1.247,and1.27GeV (with especiallylarge contritutionto
x?). Thetotal x2/ndf for four analyzedquantitiesto describethe processest — 7, KK is
2.12;the numberof adjustedparameterss 17 i.e. the pole positionsasin Tablel andthe pole
correspondingo the parametep.

Tablel. Poleclustersfor obtainedresonancem versionl.

fo(665) f0(980) fo(1500)
Sheet| E,MeV I,MeV | E,MeV T, MeV E, MeV T, MeV
Il 610+14 620+26 988t5 27+8 153025 390+30
1] 720+15 5549 984+16 210+22 | 1430+35 200+30
1510t22 400+34
v 141024 210+38

In Tablel, the obtainedpoleson the correspondingheetsareshovn onthe complex enegy
plane(,/s, = E, —il';). Since,for wide resonancesyaluesof massesandwidths are very
model-dependentt is reasonabléo reportcharacteristicef pole clusterswhich mustbe rather
stablefor variousmodels.
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Now we cancalculatethe couplingconstant®f obtainedstateswith therr and K K systems
throughthe residuesof amplitudesat the pole on sheetll. Expressinghe T-matrix via the S-
matrix as S;; = 1+ 2ip;Ty;, Si2 = 2i\/p1p2Ti2, Wherep; = /(s —4m?)/s, taking the
resonancepart of the amplitudein the form: 77 = 3~ girg,; D, *(s), where D,.(s) is an
inversepropagatofD,.(s) s — s,.), anddenotingthe couplingconstantsith the 7w and K K
systemshroughg; andg., respectiely, we obtainfor f,(665): g1 = 0.7477 £ 0.095 GeV and
g2 = 0.834+ 0.1 GeV, for f,(980): g1 = 0.1615+ 0.03 GeVandg, = 0.438 + 0.028 Ge, for
f0(1500): g1 = 0.899 4 0.093 GeV.

In this 2-channelapproachthereis no point in calculatingthe coupling constantof the
fo(1500) statewith the KK system becausehe 2-channelunitarity is valid only to 1.4 GeV,
and, above this enegy, thereis a considerablalisagreemenbetweenthe calculatedamplitude
modulusS;» andexperimentaldata.

We seethat a minimum scenarioof the simultaneousiescriptionof the processesrm —
7w, KK doesnot requirethe f,(1370) resonance Therefore,if this mesonexists, it mustbe
relatively more weakly coupledto the 7 channelthanto the K'K one,i.e. be describedoy
the pole clusterof type (b) (this would testify to the dominantss componentin this state). To
confirmquantitatvely this qualitative conclusion[17], whichis distinctive from the oneof other
works [2], we considerthe 2nd versionincluding the f;(1370) of type (b)® in additionto three
above obsenedresonancedn thefiguresthis solutionis representethy the dot-dasheaturves.
The descriptionof the 77 scatteringfrom the thresholdup to 1.89 GeV is practicallythe same
aswithoutthe f3(1370): x2/ndf for two quantitiess; and is 2.01. The descriptionof exper
imental datais improved a little for |S12| which is describedhow up to ~ 1.46 GeV. For this
quantity we considemow 41 experimentapoints[16]; x2/ndf ~ 0.92. However, onthewhole,
the descriptionis evenworsein comparisorwith the 1stversion: the total x2/ndf = 2.93 for
four analyzedquantitiesto describetheprocessesn — 7, KK (cf. 2.12for the 1stcase).The
numberof adjustedparameterss 21, wherethey all are positionsof the polesdescribingreso-
nancesxcepta singleonerelatedto the K K backgroundvhichis p = 0.976745 + 0.214405i
(this correspondso the pole on the s-planeat s = 0.622GeV?). Let usindicatethe obtained
zeropositionson thev-plane,correspondingo consideredesonancem version2:

for fo(665): vy =1.36783 + 0.2126591, vy = 0.921962 — 0.25348¢,
for fo(980): w3 =1.04462+ 0.0479703:, w4 = 0.858452 — 0.09257714,
for fo(1370): w5 =1.22783 —0.0483842i, wvg = 0.802595 — 0.03795374,
for fo(1500): w7 = 1.2587 4 0.03988931, vg = 1.24837 — 0.03589163,
vg = 0.804333 — 0.0179899¢, wv19 = 0.795579 — 0.0253985s.

In Tablell, the obtainedpolesonthe correspondingheetf the Riemanrsurfaceareshovn
onthecomplex enegy plane( /s, = E, —il';,).

When calculatingthe coupling constantsn version2, we shouldtake, for the f,(1370),
theresiduesf amplitudesat the pole on sheetlV. Thenwe obtain(in GeV units): for f,(665):
g1 = 0.724+£0.095 andg, = 0.582+0.1, for f,(980): g1 = 0.153+0.03 andg, = 0.52140.028,
for fo(1370): g1 = 0.11 + 0.03 andgs = 0.91 =+ 0.04, for f5(1500): g1 = 0.866 + 0.09.

So,the £,(980) andespeciallythe f,(1370) arecoupledessentiallynorestronglyto the K K
systemthanto thewm one. This tells aboutthe dominantss componentn the f,(980) stateand

5The clustersof type (a) and(c) for the fo (1370) statearerejectedasis shavn by this analysis.
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Tablell. Poleclustersfor obtainedresonancem version2.

fo(665) f0(980) fo(1370) fo(1500)
Sheet| E,MeV I,MeV | E,MeV T, MeV E, MeV I', MeV E, MeV I', MeV
Il 610+14 610+26 986t+5 25+8 153022 390+28

1l 720+15 5549 984+16 210+£25 | 1340£21 380+£25 | 1490£30 220425
15106+£22 370430
\% 133G+18 270420 | 1490+20 300+35

especiallyin the f,(1370) one. -
Let usalsoindicatethe scatteringengthscalculatedfor bothversions.For the K K scatter
ing:
ay(KK) = —1.18840.13+ (0.648 +0.09)i, [m_{]; (versionl),
a)(KK) = —1.497+0.12 4+ (0.639 4 0.08)i, [m;i], (version2).

Theimaginarypartin of (K K) meanghat,alreadyat the thresholdof the K K scatteringpther
channelg2r, 47 etc.) areopened We seethatthe real partof the K K scatteringengthis very
sensitve to the existenceof the f,(1370) state.

In Tablelll, we compareour resultsfor the 77 scatteringengthad, obtainedfor both ver-
sions,with resultsof someotherworksboththeoreticabndexperimental We seethatourresults

Tablelll. Comparisorof resultsof variousworksfor the 7w scatteringengtha.

ag, m_{ References Remarks
0.27 +0.06 (1) | ourpaper model-independergpproach
0.266 )
0.26 + 0.05 L. Rosseleetal. [15] analysisof thedecayK — wrev
usingRoy’s model
0.24 £0.09 A.A. Bel'kov etal. [15] analysisof 7~ p — 777 n
usingthe effective rangeformula
0.23 S.Ishidaetal. [6] modifiedanalysisof =7 scattering
usingBreit-Wignerforms
0.16 S.Weinbeg [18] currentalgebra(non-linears-model)
0.20 J.GasserH. Leutwyler[19] one-loopcorrectionspon-linear
realizationof chiral symmetry
0.217 J.Bijnensatal. [20] two-loopcorrectionsnon-linear
realizationof chiral symmetry
0.26 M.K. Volkov [21] linearrealizationof chiral symmetry
0.28 A.N. lvanoy, N.I. Troitskaya[22] | avariantof chiral theorywith
linearrealizationof chiral symmetry

correspondestto thelinearrealizationof chiral symmetry

We have herepresentednodel-independentesults: the pole positions,coupling constants
and scatteringlengths. Massesand widths of thesestatesthat shouldbe calculatedfrom the
obtainedpole positionsandcouplingconstantarehighly model-dependent.et usdemonstrate
this.
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If we supposethatthe obtainedstate f,(665) is the o-mesonthenfrom the known relation
of the o-modelbetweerthe couplingconstanof the o with the rr-systemandmassegy, .~ =
(m2 —m?2)/v2fr0 (heref o is theconstanof theweakdecayof ther?: fr.o = 93.1 MeV), we
obtain m, ~ 342 MeV.

If we take the resonancgartof amplitudeas 77¢* = /s['/(m2 — s — i,/sl), we obtain
me ~ 850 MeV andI’ ~ 1240 MeV.

4 Conclusions

In the presenimodel-independerdpproacha simultaneouslescriptionof the isoscalars-wave
channelof the processest — =, KK from the thresholdsto the enegy values,wherethe
2-channebnitarity is valid, is obtainedwith a parameterlesdescriptionof the 7= background.
Thus,a model-independerdonfirmationof the state alreadydiscoseredin otherworks[5]- [8]
(or claimingthis discovery) anddenotedn the PDGissuesby f,(400 — 1200) [2], is obtained.

A parameterlesdescriptionof the 7 backgrounds given by allowancefor the left-hand
branch-pointin the properuniformizing variable. Therefore all the adjustedparametersn de-
scribingthe rm scatteringarethe positionsof polescorrespondingo resonancesandwe con-
cludethatourmodel-independemtpproachs avaluabletool for studyingtherealizationrschemes
of chiral symmetry The existenceof the low-lying state f,(665) with the propertiesof the o-
mesonandthe obtainedrr-scatteringength (a9 (77) ~ 0.27) suggesthe linear realizationof
chiral symmetry

The analysisof the usedexperimentaldatagivesthe evidencethat, if the f,(1370) reso-
nanceexists (version?2), it hasthe dominantss componentpecausehe ratio of its coupling
constanwith the 77 channelto the onewith the K' K channelis 0.12 (asto thatassignmenof
the f,(1370), we agreewith thework [23]). However, this topic would needanadditionalinves-
tigationbecausén this kinematicregion theinfluenceof the nn channelonthe behaiour of the
nr — KK amplitudecanbe expected.On the otherhand,the decaymodesof the f,(1370) to
7, 4w, mm, KK areseen2]. Notethata minimum scenarioof the simultaneouslescriptionof
processesm — mm, KK doeswithout the fo(1370) resonanceThe K K scatteringengthis
very sensitve to whetherthis stateexistsor not.

The f,(1500) stateis representedby the pole clusterwhich correspondso a flavour singlet,
e.g. theglueball.

We emphasizéhat the obtainedresultsare model-independensincethey arebasedon the
first principlesand on the mathematicafactthata local behaiour of analyticfunctions,deter
minedon the Riemannsurface,is governedby the nearessingularitieson all sheets.

We think that multichannelstatesare mostadequatelyrepresentedby clusters,i.e., by the
polepositionsonall thecorrespondingheetsThepolepositionsareratherstablecharacteristics
for variousmodels,whereasnassesindwidthsarevery model-dependeribr wide resonances.

Finally, notethatin the model-independerdapproachthereare mary adjustedparameters
(although,e.g. for the wm scatteringthey all arepositionsof polesdescribingresonances)The
numberof theseparametersanbe diminishedby somedynamicassumptiongyut thisis another
approachandof othervalue.
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