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The isoscalar
 -wavesof the ��� scattering(from the thresholdup to 1.9 GeV) andof the
������� � process(from the thresholdto � 1.46GeV) areanalyzedsimultaneouslyin the
model-independentapproach.A confirmationof the � -mesonat � 665 MeV andan indi-
cationfor the glueballnatureof the �������������! stateareobtained. It is shown that the large
��� -background,usuallyobtained,combines,in reality, theinfluenceof theleft-handbranch-
point andthe contribution of a wide resonanceat � 665 MeV. A minimum scenarioof the
simultaneousdescriptionof theprocesses�"�#�$���&%'� � doeswihtout the � � ����(�)*�! reso-
nance.A versionincludingthis stateis alsoconsidered.In this casethe � � ����(�)��! resonance
hasthedominant
�+
 component(theratio of its couplingconstantwith the �"� channelto the
onewith the � � channelis 0.12).Thecouplingconstantsof theobservedstateswith the ���
and� � systemsandthe �"� and� � scatteringlengthsareobtained.

PACS: 14.40.Cs,11.80.Gw,12.39.Ki,13.75.Lb

1 Intr oduction

The problemof scalarmesonsis the most troublesomeand long-lived in light mesonspec-
troscopy. Among difficulties in their understandingthereis the onerelatedto a strongmodel-
dependenceof information on multichannelstatesobtainedin analysesbasedon the specific
dynamicmodelsor using an insufficiently-flexible representationof states(e.g., the standard
Breit – Wignerform). Earlier, wehaveshown [1] thataninadequatedescriptionof multichannel
statesgivesnot only their distortedparametersbut alsocancausethefictitious stateswhenim-
portant(evenenergetic-closed)channelsareneglected. In this paperwe aregoing,conversely,
to demostratethatthelargebackground(e.g., thathappensin analyzing,-, scattering),canhide
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low-lying states,evensuchimportantfor theoryasa � -meson[2]. Thelatteris requiredby most
of themodels(likethelinear � -modelsor theNambu – Jona-Lasiniomodels[3]) for spontaneous
breakingof chiralsymmetry. Recentnew analysesof old andnew experimentaldatafoundapos-
siblecandidatefor thatstate[4]- [8]. However, theseanalysesuseeithertheBreit – Wignerform
(evenif modified)or specificformsof interactions;therefore,thereonecannottalk aboutamodel
independenceof results.Besides,in theseanalyses,a large ,-, -backgroundis obtained.

A model-independentinformation on multichannelstatescan be obtainedon the basisof
the first principles(analyticity, unitarity) immediatelyappliedto analyzingexperimentaldata.
Theway of realizationis a consistentallowancefor thenearestsingularitieson all sheetsof the
Riemannsurfaceof the / -matrix. Earlier, we have proposedthis methodfor 2- and3-channel
resonancesanddevelopedtheconceptof standardclustersof poleson theRiemannsurfaceasa
qualitative characteristicof a stateanda sufficient conditionof its existence[1, 9]. Thecluster
kind is relatedto thestatenature.At all events,we can,in a model-independentmanner, distin-
guishbetweenboundstatesof particlesandtheonesof quarksandgluons[1, 10], qualitatively
predeterminetherelativestrengthof couplingof astatewith theconsideredchannels,andobtain
anindicationon its gluoniumnature.

The layout of the paperis as follows. In Section2, we outline a model-independentver-
sion of two-coupled-channelformalism,determinethe possiblepole-clusterson the 4-sheeted
Riemannsurfaceas characteristicsof multichannelstates,and introducea new uniformizing
variable,allowing for thebranch-pointsof theright-hand(unitary)andleft-handcutsof the ,-, -
scatteringamplitude.In Section3,weanalyzesimultaneouslyexperimentaldataontheprocesses
,-,102,-,43�5 5 in theisoscalar6 -wave in thepresentedapproach.On thebasisof obtainedpole
clustersfor resonances,their couplingconstantswith the consideredchannelsandthe scatter-
ing lengths,comparedwith theresultsof variousmodels,we make conclusionon thenatureof
theobservedstatesandon themechanismof chiral-symmetrybreaking.In theConclusion,the
obtainedresultsarediscussed.

2 Two-Coupled-ChannelFormalism

Herewe restrictourselvesto a 2-channelsimultaneousconsiderationof the coupledprocesses
,-,708,-,43�5 5 . Therefore,we have the2-channel/ -matrix determinedon the 4-sheetedRie-
mannsurface.Thematrix elements/"9;: , where <=3*>@? �
� ,-, � 3BA � 5 5 � , havetheright-handcuts
alongtherealaxisof the 6 -plane,startingat CEDGFH andCEDGFI , andtheleft-handcuts,beginningat
6J? 	 for /=KBK andat C � DGFIMLNDGFH � for / FOF and /&K F . We numbertheRiemann-surfacesheetsac-
cordingto thesignsof analyticcontinuationsof thechannelmomentaP!KQ? � 6SRTC�LUDGFH � KWV FX3=P F ?� 6SRTCYLZDZFI � KWV F asfollows: signs

�
Im P!K�3 Im P F

� ?\[][^3�L_[^3�L]LJ3�[JL correspondto thesheets
I, II, III, IV.

To elucidatetheresonancerepresentationon theRiemannsurface,we expressanalyticcon-
tinuationsof the matrix elementsto the unphysicalsheets/&`9X: ( ab?dc;c�3*cXc;c�3*c�e ) in termsof
thoseon thephysicalsheet/&f9X: . Thelatterhave,exceptfor therealaxis,only zeroscorrespond-
ing to resonances.Usingtherealitypropertyof theanalyticfunctionsandthe2-channelunitarity,
onecanobtain

/ fgfKOK ?
�
/ fKOK 3 / fgfgfKOK ? /=fFOFhjiTk / f 3 / fglKOK ?

h�iTk /=f
/ fFBF

3
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/ fgfFOF ?
hjiTk /=f
/ fKOK 3 / fgfgfFOF ? /=fKBKh�iTk / f 3 / fglFBF ?

�
/ fFOF

3 (1)

/ fgfK F ?
n /=fK F/ fKBK 3 / fgfgfK F ? LJ/=fK Fhji�k / f 3 / fOlK F ?

n /=fK F/ fFOF
3

Here
h�iTk / f ?o/ fKBK / fFOF L

� / fK F
� F ; � / fK F

� F ?pLJ6rq K � 6ULsCED F H ��� 6tLsCED F I ��uv� 6 � ; in the limited
energy interval,

uv� 6 � is proportionalto thesquaredproductof thecouplingconstantsof thecon-
sideredstatewith channels1 and2. Formulae(1) immediatelygivetheresonancerepresentation
by polesandzeroson the4-sheetedRiemannsurface.Onemustdistinguishbetweenthreetypes
of 2-channelresonancesdescribedby a pair of conjugatezeroson sheetI: (a) in / KBK , (b) in / FOF ,
(c) in eachof / KOK and / FOF . As seenfrom (1), to thezeroscorrespondingto resonancesof types
(a) and(b) therecorresponda pair of complex conjugatepoleson sheetIII, shiftedrelative to a
pair of poleson sheetII andIV, respectively. To thestatesof type(c) onemustconsidercorre-
spondingtwo pairsof conjugatepoleson sheetIII. A resonanceof every typeis representedby
a pair of complex-conjugateclusters(of polesandzeroson theRiemannsurface)of sizetypical
of stronginteractions.The clusterkind is relatedto the statenature. The resonance,coupled
relatively morestronglyto the ,-, channelthanto the 5 5 one,is describedby the clusterof
type(a); in theoppositecaseit is representedby theclusterof type (b) (say, the statewith the
dominant6;w6 component);theflavoursinglet(e.g. glueball)mustberepresentedby theclusterof
type(c) asa necessarycondition.

For thesimultaneousanalysisof experimentaldataof thecoupledprocessesit is convenient
to usethe Le Couteur-Newton relations[11] expressingthe / -matrix elementsof all coupled
processesin termsof the Jostmatrix determinantx � P!K�3�P F

�
, the real analyticfunction with the

only square-rootbranch-pointsat PEyz? 	 . Thesebranchpointsshouldbetakeninto accountin the
correspondinguniformizingvariable.Earlier, thiswasdoneby usin the2-channelconsideration
[9] with theuniformizingvariable{v? � P K [|P F

� R D F I LGD F H whichwasproposedin Ref.[12]
andmapsthe4-sheetedRiemannsurfacewith two unitarycuts,startingat CrDZFH and CrDZFI , onto
theplane.NotethatotherauthorshavealsoappliedtheparametrizationsusingtheJostfunctions
at analyzingthe 6 -wave ,-, scatteringin the one-channelapproach[13] and in the 2-channel
one[10]. In latterwork, the uniformizing variable P F hasbeenused,therefore,their approach
cannotbeappliednearthe ,-, threshold.

Whenanalyzingthe processes,-,b0},-,43T5 5 by the above methodsin the 2-channelap-
proach,two states(

� � ��~������
and

� � �B���
	X	m�
) werefoundto besufficient (��F
R ndf � �r� 	X	 ). How-

ever, therehasbeenobtaineda large ,-, -background.Thecharacterof therepresentationof the
background(the pole of 2nd orderon the real axis on sheetII andthe correspondingzeroon
sheetI) suggeststhata wide light stateis possiblyhiddenin thebackground.To checkthis,one
mustwork out thebackgroundin somedetail.

Now we take into accountalso the left-handbranch-pointat 6�? 	
in the uniformizing

variable

� ? D I 6�LsCED F H [GD H 6tL|CrD F I
6 � D F I LND F H �

�
(2)

Thevariable� mapsthe4-sheetedRiemannsurface,having (in additionto two above-indicated
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Fig. 1. Uniformizationplanefor the ��� -scatteringamplitude.

unitarycuts)alsotheleft-handcutstartingat 6^? 	 , ontothe � -plane4. In Fig. 1, theplaneof the
uniformizingvariable� for the ,-, -scatteringamplitudeis depicted.TheRomannumerals(I,. . . ,
IV) denotetheimagesof thecorrespondingsheets;thethick line representsthephysicalregion;
thepointsi, 1 and �v? � D I [ZD H � R � D I LND H � correspondto the ,-,43�5 5 thresholdsand
6J?�� , respectively; theshadedintervals

� L]��3�LJ����3t��LJ� q K 34� q K �W3�����3�� � aretheimagesof the
correspondingedgesof the left-handcut. The depictedpositionsof poles( � ) andof zeros( � )
give therepresentationof thetype(a) resonancein / KBK .

On � -planetheLe Couteur-Newtonrelationsare[9,12]

/=KOK�? x � L � q K �
x � � � 3�/ FOF ?

x � � q K �
x � � � 3�/=KBK�/ FOF L#/ F K F ?

x � L � �
x � � �

�
(3)

Theconditionof the realanalyticity implies x � L ��� � ?�x � � � � for all � , andtheunitarity needs
thefollowing relationsto hold truefor thephysical� -values: ��x � L � q K � �j�\��x � � � ��3���x � � q K � �j�
��x � � � ��3���x � L � � �"?M��x � � � � �

The x -function thaton the � -planealreadydoesnot possessbranch-pointsis takenas xN?
xE��xE�O�*� , where xE��?M� H � I ; � H containsthepossibleremaining,-, -backgroundcontribution,
relatedto exchangesin crossingchannels;� I is that part of the 5 5 backgroundwhich does
not contributeto the ,-, -scatteringamplitude.The function xE�B�*� � � � representsthecontribution
of resonances,describedby oneof threetypesof thepole-zeroclusters,i.e., exceptfor thepoint

4Theanalogousuniformizingvariablehasbeenused,e.g., in Ref. [14] at studyingtheforward elastic m¡  scattering
amplitude.



Existenceof the � -mesonbelow 1 GeVandthe
� � �B���
	X	m�

glueball 193

� ? 	 , it consistsof zerosof clusters:

xS�O�*�J? � q"¢ ¢
£S¤ K

��� L � �£ � ���B� [ � £ � � 3 (4)

where ¥ is thenumberof pairsof theconjugatezeros.

3 Analysis of experimentaldata.

Herewe analyzesimultaneouslythe availableexperimentaldataon the ,-, -scattering[15] and
theprocess,-,¦0§5 5 [16] in thechannelwith cj¨�©-ª¬«M? 	X­®	
­�­ . As data,we usetheresults
of phaseanalyseswhicharegivenfor phaseshiftsof theamplitudes( ¯SK and ¯SK F ) andfor moduli
of the / -matrix elements°-KN?±��/"²�²�� (a=1,-, ,25 5 ) and ³M?±��/=K F � . The 2-channelunitarity
conditiongives °�KQ?�° F ?´°�3µ³¶?

�B� LG°jF � KWV F
3�¯�K F ?�¯SK®[1¯ F .
To obtainthe satisfactorydescriptionof the ,-, scatteringfrom the thresholdto 1.89GeV,

we have taken � H ? � , andthreestatesturnedout to besufficient: thetwo onesof thetype(a)
(
���X�¸·
·X�m�

and
�T�;��~X¹
	��

) and
���X�����
	X	m�

of thetype(c). Thefollowing zeropositionsonthe � -plane,
correspondingto theseresonances,havebeenestablished:

for
������·
·X�m��º � KQ? �r� »X·
~X· C][ 	"� A 	
¹
·X» A n , � F ?

	�� ~ A ��~
· AYL 	�� A �
» C ¹ n ,
for

� � ��~
¹X	m��º �
¼ ? �r� 	 C ¹X» C][ 	"� 	 C ��¹X·
� A n , �
½ ? 	�� ¹
�
¹ C � AYL 	�� 	
~ A �m�X�
� n ,
for

� � �����X	
	��&º �
¾ ? �r� A �
¹�� [ 	�� 	
»X~
¹X¹
~
» n , �
¿ ? �E� A » A » L 	�� 	
» A » A ~
¹ n ,�
À ? 	"� ¹X	
~X¹m��¹ L 	�� 	m��~X»
� C n , �
Á ? 	�����~
»X~m� CYL 	�� 	 A ·X·
»���~ n .
Herefor the,-, phaseshift ¯ K andtheelasticityparameter° , 113and50experimentalpoints[15],
respectively, areused;whenrejectingthepointsat 0.61,0.65,and0.73GeV for ¯SK andat 0.99,
1.65,and1.85GeV for ° , which give an anomalouslylarge contribution to �&F , we obtain for
��F
R ndf the values2.7 and0.72, respectively; the total �&FXR ndf in the caseof the ,-, scattering
is 1.96. The correspondingcurves(solid) demonstratingthe quality of thesefits areshown in
Figs.2 and3.

With thepresentedpicture,thesatisfactorydescriptionfor themodulus(³ ) of the ,-,10Â5 5
matrix elementis given from the thresholdto Ã 1.4 GeV (Fig. 4, the solid curve). Here 35
experimentalpoints[16] areused;�&F;R ndf � �r�Ä�X� wheneliminatingthepointsatenergies1.002,
1.265,and1.287GeV (with especiallylargecontribution to ��F ). However, for the phaseshift
¯SK F
� 6 � , slightly excessivecurve is obtained.Therefore,keepingtheparameterless descriptionof

the ,-, background,onemust take into accountthe part of the 5 5 backgroundthat doesnot
contributeto the ,-, -scatteringamplitude.

Notethaton the � -plane, /=KOK hasno cuts;however, theamplitudesof theprocesses5 5Å0
,-,43�5 5 do have the cuts which arisefrom the left-handcut on the 6 -plane,startingat 6�?
C � DGFI L1DZFH � . This left-handcut will be neglectedin the Riemann-surfacestructure,andthe
contribution on thecut will be taken into accountin the 5 5 backgroundasa poleon the real
6 -axis on the physicalsheetin the sub-5 5 -thresholdregion. On the � -plane,this pole gives
two poleson theunit circle in theupperhalf-plane,symmetricto eachotherwith respectto the
imaginaryaxis, and two zeros,symmetricto the poleswith respectto the real axis, i.e., one
additionalparameteris introduced(apositionÆ of thepoleontheunit circle). Therefore,for � I
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Fig. 2. The energy dependenceof the phaseshift ËXÌ of the ��� scatteringamplitudeobtainedon the
basisof a simultaneousanalysisof theexperimentaldataon thecoupledprocesses�����Í�"�&%�� � in the
channelwith Î�Ï�Ð�Ñ"ÒsÓ1��Ô!��Ô"Ô for bothversions– without andwith the ��������(�)*�! state:thesolid curve
correspondsto version1; thedot-dashedone,version2 (for Ë Ì thebothcurvespracticallycoincide).The
dataon the ��� scatteringaretakenfrom Refs.[15].
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Fig. 4. Theenergy dependencesof the( Ú�Û ÌWÜ Ú ) for bothversionswithout andwith the ��������(�)*�! state:the
solid curve correspondsto version1; thedot-dashedone,version2. Thedataon theprocess���´�$� �
aretakenfrom Refs.[16].
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Fig. 5. Thesameasin Fig. 4 but for thephaseshift (ËXÌWÜ ).

wetake theform

� I ? � q ½ ��� LNÆ � � ½ ��� [GÆ � � � ½ � (5)

Thefourth power in (5) is stipulatedby thefollowing. First, a poleon thereal 6 -axison sheetI
in / FOF is accompaniedby a poleon sheetII at thesame6 -value(asit is seenfrom eqs.(1)); on
the � -plane,this impliesthepoleof secondorder. Second,for the 6 -channelprocess,-,#085 5 ,
thecrossingà - andá -channelsarethe ,âL�5 and,âL�5 scattering(exchangesin thesechannels
givecontributionsontheleft-handcut). Thisresultsin theadditionaldoublingof themultiplicity
of the indicatedpole on the � -plane. The expression(5) doesnot contribute to / KOK , i.e. the
parameterlessdescriptionof the ,-, backgroundis keptintact.

A satisfactorydescriptionof the ¯ K F
��ã 6 � (Fig. 5, thesolid curve) is obtainedto Ã 1.52GeV

with the parameterÆä? 	"� ~ C ¹ A 	m� [ 	"� »��
��·m� n (this correspondsto the pole positionon the 6 -
planeat 6å? 	�� C » Cmæ iTç F ). Here59 experimentalpoints [16] areconsidered;�&FXR ndf � »�� 	
�
wheneliminatingthepointsat1.117,1.247,and1.27GeV(with especiallylargecontribution to
� F ). The total � F R ndf for four analyzedquantitiesto describetheprocesses,-,è0Â,-,43T5 5 is
2.12; thenumberof adjustedparametersis 17 i.e. the polepositionsasin TableI andthe pole
correspondingto theparameterÆ .

TableI. Poleclustersfor obtainedresonancesin version1.

������é�é��� ������ê�ë*�! ���������*���! 
Sheet E, MeV ì , MeV E, MeV ì , MeV E, MeV ì , MeV

II 610í 14 620í 26 988í 5 27í 8 1530í 25 390í 30
III 720í 15 55í 9 984í 16 210í 22 1430í 35 200í 30

1510í 22 400í 34
IV 1410í 24 210í 38

In TableI, theobtainedpoleson thecorrespondingsheetsareshown on thecomplex energy
plane(

ã 6��´?ïîU�JL n*ð � ). Since,for wide resonances,valuesof massesandwidths arevery
model-dependent,it is reasonableto reportcharacteristicsof poleclusterswhich mustberather
stablefor variousmodels.
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Now wecancalculatethecouplingconstantsof obtainedstateswith the ,-, and 5 5 systems
throughthe residuesof amplitudesat the pole on sheetII. Expressingthe ñ -matrix via the / -
matrix as / yòy ? � [äA nôó y ñ y�y 3õ/ K F ?öA n ã ó K ó F ñ K F , where

ó y ? � 6�LsCED F y � R
6 , taking the
resonancepart of the amplitudein the form: ñ �O�*�y�÷ ? �"ø y � ø � ÷�ùúq K� � 6 � , where ù � � 6 � is an
inversepropagator( ù � � 6 ��û 6�L�6�� ), anddenotingthecouplingconstantswith the ,-, and 5 5
systemsthroughø K and ø F , respectively, we obtainfor

���;�¸·
·
���
: ø K^? 	"�Ä� C �
�Uüå	�� 	
~X� GeV and

ø F ?
	�� ¹
» C üG	"�Ä� GeV, for

������~X¹
	m�
: ø K�? 	�����·����ýüN	�� 	
» GeVandø F ?

	�� C »X¹YüG	"� 	 A ¹ GeV, for�T�X�����
	
	��
: ø K�? 	"� ¹X~
~]ü|	"� 	X~
» GeV.

In this 2-channelapproach,there is no point in calculatingthe coupling constantof the� � �����
	
	��
statewith the 5 5 system,becausethe 2-channelunitarity is valid only to 1.4 GeV,

and,above this energy, thereis a considerabledisagreementbetweenthe calculatedamplitude
modulus/=K F andexperimentaldata.

We seethat a minimum scenarioof the simultaneousdescriptionof the processes,-,þ0
,-,43�5 5 doesnot requirethe

� � ����»m��	��
resonance.Therefore,if this mesonexists, it mustbe

relatively more weakly coupledto the ,-, channelthan to the 5 5 one, i.e. be describedby
the poleclusterof type (b) (this would testify to the dominant 6;w6 componentin this state).To
confirmquantitatively this qualitativeconclusion[17], which is distinctive from theoneof other
works [2], we considerthe2ndversionincluding the

��������»���	��
of type(b)5 in additionto three

aboveobservedresonances.In thefiguresthis solutionis representedby thedot-dashedcurves.
Thedescriptionof the ,-, scatteringfrom the thresholdup to 1.89GeV is practicallythesame
aswithout the

���;�B��»���	m�
: �&FXR ndf for two quantities̄SK and ° is 2.01. Thedescriptionof exper-

imentaldatais improved a little for ��/=K F � which is describednow up to Ã 1.46GeV. For this
quantity, we considernow 41 experimentalpoints[16]; ��F
R ndf � 	�� ~ A . However, on thewhole,
the descriptionis even worsein comparisonwith the 1st version: the total ��FXR ndf ÿpA � ~
» for
four analyzedquantitiesto describetheprocesses,-,#0$,-,43�5 5 (cf. 2.12for the1stcase).The
numberof adjustedparametersis 21, wherethey all arepositionsof the polesdescribingreso-
nancesexcepta singleonerelatedto the 5 5 backgroundwhich is Æs? 	�� ~m��·m� C � [ 	�� A � CXC 	X� n
(this correspondsto the pole on the 6 -planeat 6G? 	�� · AXAmæ iTç F ). Let us indicatethe obtained
zeropositionson the � -plane,correspondingto consideredresonancesin version2:

for
� � ��·
·X�m��º � K ? �r� »X·m��¹
» [ 	"� A � A ·X�
~ n , � F ?

	�� ~ A ��~X· AYL 	�� A �X» C ¹ n ,
for

� � ��~
¹X	m��º �
¼ ? �r� 	 C
C · A][ 	"� 	 C ��~���	X» n , �
½ ? 	�� ¹
�X¹ C � AYL 	�� 	
~ A ���
�
� n ,
for

� � ����»���	��&º �
¾ ? �r� AXA ��¹
» L 	"� 	 C ¹
»X¹ CXA n , �
¿ ? 	�� ¹
	 A �X~
� L 	�� 	
»���~X�
»m� n ,
for

���������X	
	��&º � À ? �r� A �
¹�� [ 	�� 	
»X~
¹X¹
~
» n , � Á ? �E� A
C ¹
»�� L 	�� 	
»
�X¹
~���· n ,��� ? 	"� ¹X	 C »
»
» L 	�� 	m�
��~
¹X~
~ n , � K � ? 	�����~
�X�m��~ L 	�� 	 A �X»
~X¹
� n .
In TableII, theobtainedpolesonthecorrespondingsheetsof theRiemannsurfaceareshown

on thecomplex energy plane(
ã 6 � ?1î � L n*ð � ).

When calculatingthe coupling constantsin version2, we should take, for the
��������»m��	��

,
theresiduesof amplitudesat thepoleon sheetIV. Thenwe obtain(in GeV units): for

������·
·X�m�
:

ø Kt? 	���� AXC ü�	"� 	X~
� andø F ?
	"� �X¹ A ü�	���� , for

���;�¸~
¹
	��
: ø K�? 	������X»mü�	"� 	X» andø F ?

	"� � A �Xü�	�� 	 A ¹ ,
for
���;�B��»���	m�

: ø K�? 	����
�Uüs	�� 	
» andø F ?
	�� ~m�Uüs	�� 	 C , for

���������X	
	��
: ø K�? 	�� ¹
·X·]ü|	"� 	X~ .

So,the
� � ��~X¹
	��

andespeciallythe
� � �B��»m��	m�

arecoupledessentiallymorestronglyto the 5 5
systemthanto the ,-, one.This tells aboutthedominant6;w6 componentin the

� � �¸~
¹X	m�
stateand

5Theclustersof type(a) and(c) for the � ��������	�
�� statearerejectedasis shown by this analysis.
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TableII. Poleclustersfor obtainedresonancesin version2.

������é�é��� ������ê�ë*�! ��������(�)*�! ���������*���! 
Sheet E, MeV ì , MeV E, MeV ì , MeV E, MeV ì , MeV E, MeV ì , MeV

II 610í 14 610í 26 986í 5 25í 8 1530í 22 390í 28
III 720í 15 55í 9 984í 16 210í 25 1340í 21 380í 25 1490í 30 220í 25

1510í 22 370í 30
IV 1330í 18 270í 20 1490í 20 300í 35

especiallyin the
�T�;����»m��	m�

one.
Let usalsoindicatethescatteringlengthscalculatedfor bothversions.For the 5 5 scatter-

ing:

� �� � 5 5 � ? L �E����¹
¹Jüs	�����» [ ��	�� · C ¹^üs	�� 	
~�� n 3U� D q KH�
 ��� ��� i���������� �E� 3
� �� � 5 5 � ? L �E� C ~m��üs	���� Av[ ��	�� ·
»X~^üs	�� 	
¹�� n 3U� D q KH 
 ��� ��� i���������� A ���

Theimaginarypart in � �� � 5 5 � meansthat,alreadyat thethresholdof the 5 5 scattering,other
channels(Ar,43�Cr, etc.) areopened.We seethat therealpartof the 5 5 scatteringlengthis very
sensitive to theexistenceof the

� � �B��»m��	m�
state.

In TableIII, we compareour resultsfor the ,-, scatteringlength � �� , obtainedfor bothver-
sions,with resultsof someotherworksboththeoreticalandexperimental.Weseethatourresults

TableIII. Comparisonof resultsof variousworksfor the ��� scatteringlength� �� .
� �� %��! Ì" 
 References Remarks�$#&%�)�í �$# �!é (1) ourpaper model-independentapproach�$#&%�é�é (2)�'#(%�éUí �$# ��� L. Rosseletetal. [15] analysisof thedecay� �d�"��)�*

usingRoy’s model�'#(%,+]í �$# ��ê A.A. Bel’kov et al. [15] analysisof �  .- �d� Ô �  0/
usingtheeffective rangeformula�$#&%�( S.Ishidaet al. [6] modifiedanalysisof ��� scattering
usingBreit-Wignerforms�$# ��é S.Weinberg [18] currentalgebra(non-linear� -model)�$#&%*� J.Gasser, H. Leutwyler[19] one-loopcorrections,non-linear
realizationof chiral symmetry�$#&%���) J.Bijnensat al. [20] two-loopcorrections,non-linear
realizationof chiral symmetry�$#&%�é M.K. Volkov [21] linearrealizationof chiral symmetry�$#&%�ë A.N. Ivanov, N.I. Troitskaya[22] a variantof chiral theorywith
linearrealizationof chiral symmetry

correspondbestto thelinearrealizationof chiral symmetry.
We have herepresentedmodel-independentresults: the pole positions,couplingconstants

andscatteringlengths. Massesandwidths of thesestatesthat shouldbe calculatedfrom the
obtainedpolepositionsandcouplingconstantsarehighly model-dependent.Let usdemonstrate
this.
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If we suppose,that theobtainedstate
� � �¸·
·
���

is the � -meson,thenfrom theknown relation
of the � -modelbetweenthecouplingconstantof the � with the ,-, -systemandmassesø.1 HrH ?� DZF 1 L DGFH � R ã A � H�2 (here

� H32 is theconstantof theweakdecayof the ,
�
:
� H�2 ? ~
»"�Ä� MeV), we

obtain D 1 � » CXA MeV.
If we take the resonancepartof amplitudeas ñ �O�*� ? ã 6 ð R � DGF 1 Lä6ýL n ã 6 ð � , we obtain

D 1 � ¹
�X	 MeV and
ð � � AXC 	 MeV.

4 Conclusions

In thepresentmodel-independentapproach,a simultaneousdescriptionof the isoscalar6 -wave
channelof the processes,-,�0 ,-,43�5 5 from the thresholdsto the energy values,wherethe
2-channelunitarity is valid, is obtainedwith a parameterlessdescriptionof the ,-, background.
Thus,a model-independentconfirmationof thestate,alreadydiscoveredin otherworks[5]- [8]
(or claimingthis discovery)anddenotedin thePDGissuesby

����� C 	
	 L � A 	X	m� [2], is obtained.
A parameterlessdescriptionof the ,-, backgroundis given by allowancefor the left-hand

branch-pointin the properuniformizingvariable. Therefore,all the adjustedparametersin de-
scribingthe ,-, scatteringarethe positionsof polescorrespondingto resonances,andwe con-
cludethatourmodel-independentapproachis avaluabletool for studyingtherealizationschemes
of chiral symmetry. The existenceof the low-lying state

���X��·X·
���
with the propertiesof the � -

mesonandtheobtained,-, -scatteringlength( �
�� � ,-, � � 	"� A � ) suggestthe linear realizationof

chiral symmetry.
The analysisof the usedexperimentaldatagives the evidencethat, if the

��������»���	��
reso-

nanceexists (version2), it hasthe dominant 6�w6 component,becausethe ratio of its coupling
constantwith the ,-, channelto theonewith the 5 5 channelis 0.12(asto thatassignmentof
the
���;�B��»m��	m�

, weagreewith thework [23]). However, this topicwouldneedanadditionalinves-
tigationbecausein this kinematicregion theinfluenceof the °�° channelon thebehaviour of the
,-,ä0 5 5 amplitudecanbeexpected.On theotherhand,thedecaymodesof the

��������»���	��
to

,-,43BCE,43*°;°�3�5 5 areseen[2]. Notethata minimumscenarioof thesimultaneousdescriptionof
processes,-,d0§,-,43T5 5 doeswithout the

� � �B��»m��	m�
resonance.The 5 5 scatteringlengthis

verysensitive to whetherthis stateexistsor not.
The

�T�;�����
	X	m�
stateis representedby thepoleclusterwhich correspondsto a flavour singlet,

e.g. theglueball.
We emphasizethat theobtainedresultsaremodel-independent,sincethey arebasedon the

first principlesandon themathematicalfact thata local behaviour of analyticfunctions,deter-
minedon theRiemannsurface,is governedby thenearestsingularitiesonall sheets.

We think that multichannelstatesaremostadequatelyrepresentedby clusters,i.e., by the
polepositionsonall thecorrespondingsheets.Thepolepositionsareratherstablecharacteristics
for variousmodels,whereasmassesandwidthsareverymodel-dependentfor wide resonances.

Finally, note that in the model-independentapproach,therearemany adjustedparameters
(although,e.g. for the ,-, scattering,they all arepositionsof polesdescribingresonances).The
numberof theseparameterscanbediminishedby somedynamicassumptions,but this is another
approachandof othervalue.
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