


, 1. In ﬁndmg out the status (both theoretlcal and experlmental) of
,the resonances, the multichannel ones set the’ most. number of ques;

" tions: . Especially ‘this concerns:the scalar-isoscalar -meson’ sector-. [1)

- and is stipulated by the influence of vacuum-and such effects difficult -
* to be taken into account; as the 1nstanton contributions. Note that,

~ for example for scalar. and tensor .mesons there are difficulties even
© o with their interpretation as ¢g states. Moreover none of such statesis -
v unambxguously identified as a glueball, multhuarl\ state or.a hybrid.

*In this situation‘it is very 1mportant to obtain information about reso-
nances (to be derived.from experlmental data) Wthh does not depend

' 'on spe01ﬁc interaction’ models.

. A model-independent consideration of resonances. and thelr nature ’
- can be obtained on the basis of such general pr1n01ples as analytlclty ‘
and unitarity, and the consistent balanced account of the nearest (to
g""the considered physical region) singularities on all the relevant sheets
- ,of the Riemann surface-of the S-matrix [2]-[8]. - ,

‘Note:that in the case of multichannel resonances, amblguous is not

e only the determination of their QCD nature, but also:the, discovery. of
. the resonances on the basis of experimental data.. This is clearly illus- -
B trated by a situation in the 1 GeV-region of the scalar-isoscalar channel.

- Aslis known, the clear resonant mamfestatlons at these energies in the ‘

© experimental data on ww scattering have been mterpreted as the*reso-v ;
- nance fo{975)(S*). Its rather extraordinary features have brought very
- different hypotheses about its nature {gggg[9, 10), gg[ll],qq with tak-

‘ing account of the final-state interaction {12], the rmxture of: gq a.nd 99

; [13 14}, the KT -molecule {15, 16])

~In the analys:s of ISR data on central prcductmn of meson palrsv
(mr and KIC) in pp-collisions [17], instead of the f3(975) meson in the

.1 GeV region t three states are obtained: 5,(991)-a glueball ca.nd:date, =

- 5,(988)-a KK molecule, f0(900)~a meson broad enough in wr-channel.
 We argued in works [5, 8] that the neglect of the 7 threshold {p ossmbly
. also the iy’ threshold) in the analysls [17] could give rise to a imitation
- - of supplementary states in the vicinity of KT threshold. “We shall here

--discuss also how this is related with the closed-channel contmbutmn :

. Note that the subsequent enlarged analys1s of the above data and also

cof data on wx and K scattering and on decays J/¢ — ¢7r7r(¢I& ),

D; — 7x7 has led the authors of work [17] to give up their ongmal o

results and 1nterpretatlon.,M e
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2. So, let us consider the 3-channel problem, sometimes for the sake
of simplicity and clarity appealing to-the 2-channel process: The ele-
ments of the 3-channel S-matrix S,g, where o, 8 = 1(7r7r), 2(KK) 3(mm), -
~ have the right-hand (un1tary) cuts along the real axis of the s-variable

complex plane starting at 4m2, 4m,, 4m2 The left-hand cuts, which -

-~are related with the crossmg—channel contnbutlons and. extend along
the real axis towards —oo, starting-at s =:0 for S;; and S5 and at
s = 4(m% — m2) for Sy, etc., will be neglected in the Riemann-surface
) structure and their contributions will be taken into account in the back-
ground of the corresponding amplitudes. We number ‘the Riemann-
surface sheets according to the signs of analyt1cal continuations of the

B channel momenta—

(ol = o/, Ry '=T’,(‘s/4f—ifm3>"‘(%

o 'as follows s1gns (Imkl,lmkz,lmkg) =4+4, —++,——+,+ =+, +——, .
e e — correspond to the sheets LIL,...,VIIL. Then, for

instance,.from the physical region on sheet I we pass across the cut

below the KK threshold to sheet 11, ‘above KK . threshold but below -

the nm threshold to sheet IIT and abeve the 57 threshold-to sheet V1.
“To elucidate the resonance representation on the Riemann surface,

we 'shall first appeal to the 2-channel problem. Using the reality of "

the analytic functions and the 2-channel unitarity, one can express

analytlcal continuations of the matrix elements to the unphysrcal sheets :

Sk of in \ terms of them on the- phy51cal sheet ﬂ [4]):

| II._v'ji ny | I _ 522 det.S’I :
S = g S“ " det ST’ 'Sl_.;_ SL
I _ or_ _Pu . _ : s
. II___ 15{2 e IjI_ —S{z 1512 . o

; Here det SI ST 1.5’22 (.S' )2 Provrded a resonance has the only de— -

cay mode (1-channel case), the general statement about a behavrour
of the process amplitude is that at energy values in.a prox1m1ty to
the resonant one it describes the propagation of a resonance as if- the
~ latter were a free particle. This means that in the matrix element the
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~ resonance (in-the limit.of its narrow w1dth) 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 i
model-independent statement aboutthe poles as the nearest singular- - \
- '1t1es holds also* when taklng account of the finite width of a resonance: - -

“ In the case of two coupled channels, formulae (1) immediately give

the resonance Tepresentation (in the 2-channel problem) 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 con]ugate poles on sheet II'and-therefore by a pair of complex

- conjugate zeros on the Ist sheet in Sy, (b) by a pair of' con]ugate poles-
“on sheet IV and therefore by a pair of complex conjugate zeros on sheet - ‘
Iin® Saa; (c) by one pair of conjugate poles on each of sheets Il and IV, - -

, that is by one pair of conjugate zeros on the phys1ca1 sheet in each of .=

matrix element S11and Sgp. : T - .

" As is seen from (1), to the resonances of types (a) and (b) one has to

. make correspond a pair of complex conjugate polesion sheet III which
- are sh1fted relative to a pair of poles on sheet II.and IV respectlvely
~ (if the coupling among channels were absent, i.e. Sja = 0, the poles on -
sheet III would lay exactly (a) under the poles on the IInd sheet, by
‘above the poles on the IVth sheet). To the resonances of type (c) one
" 'must make correspond two pairs of conjugate poles on sheet III which

are reasonably expected to be a pa1r of the complex conjugate compact
formations of poles. : :
Formulae of type (1) were obtained also in the 3- ch'annel problem e

\ [8] On their basis one establishes the resonance representation on -
. the 8- sheeted Riemann surface through the singularities nearest to the~ ‘
‘ 'phys1cal region, through poles (and. correspondmg zeros) In th1s case
-one must d1st1ngulsh seven types of resonances with zeros on the phys-
" ical sheet in (a) S, (b) Sz, (c) S3, (d ) Su and Sp, (e) Sao- and’
- S33, (f) .5'11 and Sa3z, (g8) Sit, .5'22 and S33. For example in the case
v of the resonance of type (g) there are one palr of complex con]ugate
o poles on each of sheets I, IV and VIII at the same points, of §- varlable :
: where the zeros he on sheet 1, also two palrs of complex con]ugate :

poles on each of sheets 111, V.and VII, and three pairs of complex con- -

. jugate poles on the VIth sheet (i.e. the resonance is represented by

complex conjugate clusters of poles and zeros). The above:considera- -
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_ tion seems to exhaust the multlchannel -resonance: d1v1s1on into types :
“because always the problem of the multichannel-resonance representa-;
tion by the nearest singularities can be effectively reduced to the above =

cases.  Note also that this resonance division into types is not formal.

For‘instance, in the scalar-meson sector the resonance f0(975) seems - -
“to correspond to- type (a), and the resonance: fo(1590) corresponds to
one of types without zeros on sheet I in-Sj;. - These two resonances

. have very drfferent QCD natures. - Further investigation of this mat-
- ter can possibly give rise to the model-independent indications of ‘the

multichannel-resonance nature on the ba31s of the1r pole representatron 4 ‘

‘on the Riemann surfaces. " :

‘3. In the “I{-matrix the sole pole on the real axis corresponds to

" a resonance’ ‘of the: simplest type (only:with the sole pair of ’complex
" “conjugate poles on each of corresponding sheets, i.e. with a pair of
zeros on the Ist sheet only in one matrix element S;;). Resonances of
other types are described by two and even three poles (for example,
“when the zeros on the Ist sheet are in S-matrlx elements of two' coupled
~ processes, by two poles on the real axis). - Cleiiells E
: However, the many-pole representatlon of a resonance in the K -
matrix ‘arises not ‘only for ‘the above resonance types but also-as:a

result of influence of the important energetlcal—closed channels Let us.

oo

: explam this in more detail.

~In the case of N c¢hannels the K -matrix is related w1th the S matrrx '

as follows k
s . . | _ § ‘ I+sz
R I= sz»

- that K=K *, de. the K- matrix has no d1scont1nu1ty when g01ng
‘ across the unrtary cuts and the poles correspondlng toa resonance 11e
on the real axis of s- plane

In ‘practice we deal usually with a reduced K -matrlx, K Rs correspon- :
, d1ng to the M open channels at a considered résonant energy whereas - -

the 1 remarnmg N-M channels are energetical- -closed. A connectron
) between the reduced matrlx K r and the- complete I -matr1x 1s g1ven
by [19] - |

- (Re)y —K.,+zma[(f—sz) Bleskas. j 3)

.(2)

where ,o; = 2k; /\/—, k= (s/4 m2)1/2 From (2) it is casy to obtarn ‘

e et g b il et 8 e e s

e

' 'Here ) and K denote the submatrlces be1ng related to: the closed chan- R
“mnels, 4,7 =1, e
correspond to closed ones.: It is clear that the resonances can arise bothc il
“ owing to the resonant interaction of particles in the open channels and .

*y M. refer to open channels and o, = M +1;-+-,N - |

by virtue of the processes in the closed channels. In the first case each

;element of the complete J{-matrix has a pole-at a certain real va.lue of .
“energy s = m?. In proxrmrty to this pole one can write . oo don o

. .I{dr = ég_agr + aar(s) | : A; : ‘(4) 2

- where g,, g- are constants of the resonance coupllngs w1th partlcles of ‘
- yN), as-(s) are the background
- smooth functions. However this pole is absent in the K R-matrlx, since’
e the res1due at this pole in'(3) is equal to zero, and the position of a pole 5
i correspondlng to a resonance is renormalized due to the influence of the®
. closed channels, moreover the resonance is described by a number of -
St poles For. example, at the conJecture ‘of neglrglble background (a,, .
- 0) we obtaln from (3) w1th (4)

open and closed channels (0,7 =1,*

(KR)U g,g, : | 77 e (5)

S m? 4 Ea&_M+1 9% |pal -

Consideration of the background does not change the conyclusion: abou‘tl T

the pole at s '='m?. For instance, in the 2- channel case wrth closed
channel 2 we should have w1th the background S

(1 + lP2|0122) - lP2|l291920112 + (3 - 2)0‘12l (é) o

(K n 5= T Tnllgf + (o - r)am]

‘ From formulae (5) and (6) one can see that only when a resonance e
s not coupled w1th closed channels in the K R-matrlx there is a polek -
Cat s =m? But even at small couphngs of a Tesonance with partlcles" -

of closed channels the resonance is represented by a number of. poles

(Note that in practlce these coupllngs manifest themselves in the reso-
nance exchanges in reactlons crossing to the above closed channels ) A
successive exphclt cons1derat10n of a larger number of Channels would

reduce ‘the number of poles correspondrng to the g1ven multrchannel B
- resonance. In part1cular for the 2-channel resonance in the 1- channel :
3 consrderatron (formula (6)) at least two poles on the real axis in the-



.v1c1mty of m? descr1be th1s resonance. In’the 2- _channel consrderatlon
(for the ‘complete” K- matrlx) there “would be, of course; one pole at

s = m ,-as drstmct from the above-dlscussed case with a resonance of |

~.type (c) To understand this s1tuat10n we should mvestlgate the pole

_representation of resonances on. ‘the Rlemann surfaces To this end we
shall use :a umformlzatlon procedure mappmg ‘the Riemann surfaces

~onto a plane. : « _

Note that, as is seen n from (3),a pole in the K R-matrlx may anse also
in the case when the elements of . complete K -matrix are nonsmgular
The condltlon for thls pole is that

det(1 + i) =0 S

',Thls pole in the I( R—matrlx exists, e. .f,: 1f partlcles in the lowest
closed channel attract each other strongly ‘enough to form a: bound
state prov1ded the coupling between the closed and open channel is

- weak. Notice, however that the same cond1t10n (7) is required for

existing the resonances due to processes both m the open and closed

channels. To distinguish these cases, one must agam study the polej

arrangement on the Riemann surface.

4. Generally, formulae of type (1) are a solutlon of the multlchan- ‘
el problem in the sense of giving a chance to predict (on the basrs‘
“of the data on one process) the coupled—process amphtudes at a cer-
~ tain conjecture about the background -We made this before 1n the -
: '2—channel approach [4]: It was a success to describe (x2 /ndf ~'1.06)

~ the experimental isoscalar s-wave of 77 scattering from the thresh-
“old to 1.9 GeV, to predict satisfactorily (on the basis of data on 77

i " -
SRILS RTINS - J T
. e

‘ scattermg) the behav1our of the s-wave of 71 — KI process approx1- DN

' ,mately up to 1. 25 GeV The 2~channel con51deratlon turned out tobe

E eﬂ'ectlvely sufﬁcrent for nm scatterlng (the influence of other channels

. was taken into account by means of a slight v1olatlon of the 2- channel»

B un1tar1ty) However this'is far from being the case for the coupled pro-
‘k'cesses (note a deviation of the pred1ctron on 7 — KI process from

the experimental data above 1.25 GeV. where the influencé of the 7)17'~ '

* channel begins to be noticeable).” Therefore taking account of higher

thresholds affects'slightly the parameters of 'fo(975) resonance (though
-gives further’ 1nformat10n on 1t), however it is of vital 1mportance for 3

hlgher-lymg resonances.

On a level ‘with formulae of type (1) it is ‘convenient ‘to use. the
~Le Couteur- Newton relations [20] representmg compactly all features -
given by formulae of type ( 1) and expressing the S-matrix elements of

~all coupled processes in terms of the Jost matrix determinant d (K1, ka, - -

= d(s), the real analytical function with the only square-root branch-
- points.at the process thresholds k; = 0. .This was done by us in the
2- channel consideration [7] The unlformlzmg variable, which was used,

)

z= (k1+k2)/(mx )1/2 L S ;I

maps the whole 4- sheeted Rlemann surface onto the z-plane.

An. analogous 2-channel approach was also applied in the above -
works [17, 18). However the authors of these works neglect the 7m- -

“threshold influence and therefore use the momentumn ks as uniformiz-

. ing variable. This implies taklng into consideration only the nearest to
~ the phys1cal region seml—sheets of the Riemann surface The neglected "
' singularities (as we examined [3}) give approximately the 10% contri-
bution.” However this approxrmatron appreciably narrows the p0551ble o
consrdered interval of energy and is not-inevitable though s1mpl1ﬁes the :
: pole representatlon of resonances.
In the 3-channel approach it is impossible with the help of a s1mple'
functlon to map the 8-sheeted Riemann surface onto a plane. Therefore 5

-the consideration is necessarlly developed with neglecting the influence

of the wm threshold In this case ‘the uniformizing var1able may be
w—%+hMm—moW'~~h«*?®:

In Frg 1 those parts of the w- -plane, onto wh1ch the correspond1ng sheets :

of the Riemann surface are mapped, are denoted with the Roman nume- .~
rals the thick line represents the physwal reglon (the points wy, 1 and o

(nm

1ng account of the used model of the Rlemann surface (note that on the
w-plane the p01nts Wy, —-w0 , —wp, 'wo correspond to the s- var1able

: pomt so on sheets I, IV, V, VIII, respectively):~

The Le Couteur—Newton relations are somewhat modlﬁed w1th tak- o
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Talung the d—functlon asd = dpd,.; where dg descrlbes the background> :

, and the resonance part has a form

R 1| CIET

Trr=ld=1"

: (J\/I is the number of resonances) it is ‘easy to obta1n the expresswn for

S, Wthh we applied already 1n the analy51s of 7r7r scattermg, and for_.

: other matrlx elements. "~ ' ', ‘
We analysed all available data on the 1soscalar s-wave TT scattermg :

in the energy region 0.7-1.6 GeV 18] w1th talung account of KK and,! A

: nn thresholds The bacl\ground 1s taken i 1n “‘the elastlc form
Sﬁ 216 (s) f (SB( )—a—l—b\/_

(from the analy31s a'= 1,376+ 0,056,b = 0,6 £ 0, 0025)

Satisfactory descrlptlon ( 2 / ndf = 1. 12) of experlmental data i 1s achieved

~“energy plane (\/5; =

Table I
£o(975) fo(1500) -
Sheet |  E,MeV I'MeV | “EMeV ''MeV
Il | 1017£5 | 35+7 | 1496 + 16.| 548 £ 35
IIT | 1031+16 | 128 +30 | 1156 £ 36 | 146 £ 43 |
VI | 1025+8 | 23+£10 | 15024+20 | 614 £40 |
vn 1139+ 60 | 108442 | 1147455 | 145+ 62‘ '

for the phase sh1ft and the elastlclty parameter W1th two Tesonances

- (Fig.2). The pole posmons of resonances on different sheets in the =~

— il',/2) are presented in ‘Table I. Note that -

- the parameters of the f0(975) meson were changed somewhat as com- .
" pared to our 2- channel analysis [7]. Asis already dlscussed in 7], this
~ should not influence the qualitative conclusron about the f0(975) na-
ture (domlnant ¢q3q component) but shows a rather strong couphng
~ of this resonance with the 77 system and the 1mportance of taking ac-

count of the n7- channel influence to obtain the reliable values ‘of the

= f0(975) parameters. The cons1derab1e coupling of the f0(975) meson.
- with the nn system can manifest itself experlmentally, e.g., in crossmg A
_ processes, such as 77 and K7 scattering, in the exchanges of this meson.

The considerable shift of the f5(975) pole on sheet VII is stlpulated by

*a great couphng between 77 and 77 channels whereas the coupling be-

" tween 77 and KT channels is suppressed strongly by. the e phase-space .

- volume (owmg to proximity of the f,(975) mass to the KK threshold)

\ .- whereby it is accounted for a smaller shift of the pole-on sheet III. A ‘
’dlsplacement of the pole on sheet VI, related with influence of the g~~~

channel, is compensated by the effect of coupling between the K and

- 1 channels which displaces the pole to the opposite direction (which . B
o s explarned by the corresponding signs of the channel momenta when .

“continuing onto sheet VI). Many authors have already noted- that the

- fo(975) width cited in tables [1} is a- v1s1b1e one, the total width of thls

’ resonance is ~ 500 MeV.
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- Fig. 2. "The phase shift and the elasticity parameter of the "
R scalar—lsoscalar channel of the 7w scattering obtained ‘on the .
basis of the x? analy51s of the experimental data. The sepa—’ L
rate characterlstlc expenmental pomts are deplcted i L

As to the second resonance, Wthh we denoted symbohcally as f0(1500)

the analysis of experimental data shows obviously a résonance manifesta-
* tion. ‘However here it is impossible to draw a certain conclusion about
.its parameters since the thresholds of the 97/, pp, ww channels in this
~ region, with which it may be coupled, are not considered. Notice also

- that this'analysis does not reveal the fy(1590) resonance by virtue of its -
comparatively weak coupling with the 77 channel though, of course,
this resonance must affect the results due to its rather considerable -

o couplings with the 71 and 77’ channels.
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Kpyna [., Memepsikos B.A., Cyposues 10.C. E2-93-461
MHOroxaHaNbHHEE PE30HAHCH H 3aKPHTHE KAHAIN

(CKaNsIpHHH CEKTOP)

Ha ocHoBE aHANMTHYHOCTH M YHATApHOCTH 00Cy XaaeTcs npobieMa MHOTO-
KaHAJIBHBIX PE30HAHCOB B 2- U 3-xaHaabHOM moaxoAax. Iloayueno MoxeapHO-
HE3aBHCHMOE IOJIOCHOE NPENCTABJACHHE MHONOKAHAJIBHHIX DE30HAHCOB KakK
peanu3anus uacH 0 JOMHHAHTHOCTH GIiXaimux ocOGEHHOCTEH Ha BCEX COOT-
BETCTBYIOIUX JINCTAX PUMAHOBOH NOBEPXHOCTH S-MaTpulis. Uccnexyercs posab
3aKpHTHX KaHAJIO0B B (PJOPMHUPOBAHMH PEe30HAHCOB KakK B K-, Tak U B S-MaTpuy-
HOM nopxofgax. MeTox mpoW/UTIOCTPHPOBaH HA MPHMEPE CBSI3aHHKIX ITPOLIECCOB

| x> nw, KK, 51, B 130cKansipHOM s-BoTHE (C xz-anannaom 9KCIIEPUMEHTANb-

HHIX AHHHIX T10 ZT7T-PaccessHuIo B obaacTu suepruit Huxe 1,6 I'sB).

Pabora BHIOHEHA B HaéopaTopnn teopernyeckoit puauku um. H.H.Boro-
mobGosa OUSU.

Coofmenue OfbenMHEHHONO MHCTHTYTA SAEPHBIX McCaeaoBanmit. y6ua, 1993

Krupa D., Meshcheryakov V.A., Surovtsev Yu.S. E2-93-461

Multichannel Resonances and Closed Channels (Scalar Sector)

The problem of multichannel resonances is discussed in the 2- abd 3-
channel approaches on the basis of analyticity and unitarity. A model-inde-
pendent pole representation of multichannel resonances is obtained as a
realization of the idea of dominance of the nearest singularities on all
corresponding sheets of the Riemann surface of the S-matrix. The role of closed
channels in forming the resonances is investigated in both the K- and S-matrix
approaches. The method is illustrated for coupled processes nx - 7, KK, n3

in the isoscalar s-wave (with the xz analysis of experimental data on nz
scattering in the energy region below 1.6 GeV).

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