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Isoscalar resonances withi"¢=1""in e*e~ annihilation
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The analysis of the vector isoscalar excitations in the energy range between 1 and 2 Ge\Web6éthe
annihilation is presented for the final state$ 7 7°, w7, K'K~, KIK* 77, andK*°K 7" +c.c. The
effects of both resonance mixing and the successive opening of multiparticle channels, with energy-dependent
partial widths, are taken into account. The work extends our previous analysis of vector isovector excitations
and is aimed at comparing the existing data with the predictions oiqﬁenodel. It is shown that this
hypothesis does not contradict the da®0556-282(98)01905-3

PACS numbeps): 13.65+i, 13.25.Jx, 14.40.Cs

I. INTRODUCTION allowing for contributions of thev; , ¢; , resonances, in or-
der to extract the masses and coupling constants of these
—1-~ [1] in the energy range between 1 and 2 GeV oféxcitations to various channels. The main result is that,

e*e~ annihilation still remains, to a large extent, an unre-Within very large errors determined by poor data samples,

solved one. Are they recurrences of the ground state nonet ¢fie extracted parameters do not contradict the sinopde
p(770), w(782), and¢(1020), or do they have an exotic model of thew- and ¢-like resonances. The magnitudes of
nature[2—8]? In the former case, to what extent are the fla-the g q bound state wave function at the origin are extracted
vor SUQ) predictions good for them? In the latter case, arefrom the magnitudes of the leptonic widths, yet the accuracy
they completely exotic, and if not, what is the admixture of __. . . L=

. — \ ~ 7 still does not permit one to verify the traditiongqly assign-
the exotic normg g component? To answer these and similar nent[1,17] of heavier excitations and to draw any definite
guestions, one should extract the masses and coupling COBanclusions about the interquark potential.
stants of bare resonances in order to compare them with vari-
ous models. As we have shown earlif in the case of the

The issue of excitations with quantum numbel3®

The paper is organized as follows. Section Il contains the

. ) - o expressions for the cross sections and a discussion of the
vector-isovectomp-like excitations, taking into account both

the effects of resonance mixing and the fast energy growth ssumptions made about the interaction vertices and the cou-
the partial widths of successively opened multiparticle chanP ling constants. Section !” IS d_evoted tq the presgntatlon of
Qle results of our analysis, which are discussed in Sec. IV.

nels affects the specific masses and coupling constants e : ketch ible furth K for th
tracted from the data. Section V sketches possible further work necessary for the

The present paper is aimed at extending a similar treaﬂ'_mprovement of the situation with excitations with masses

ment to the case of vector-isoscalar and ¢-like excita- above 1 GeV.
tions. To this end we analyze the data on the reactions

ete —n 7 7% [10-17, (1.1
Il. BASIC FORMULAS REQUIRED FOR THE ANALYSIS
efe swrta” [11], (1.2
A. Expressions for the cross sections
e"e =KK™ [13,14, (1.3 An exact application of the explicitly unitary methgiig]

of taking the mixing of resonances into account is computa-
o tionally time consuming in the present case, since it demands
e+e‘—>K*°K°+c.c.—>KgKiw: [15], 1.9 the inversion of the &9 matrix of inverse propagators
whose elements are complex numbers. Instead, we take into
account the mixing inside each sectqi(770) p; -p3,
ete” sK*K 7t (K*K*7™) [16], (1.5  ©(782) w] -w,, or ¢(1020) w1 -¢4 to all orders, while the
terms which break the Okubo-Zweig-lizuK®ZI) rule are
taken into account to first order. Then the cross section of
*Email address: achasov@math.nsc.ru production of the final staté in e*e™ annihilation can be
"Email address: kozhev@math.nsc.ru represented as
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) gpf Jof g(pf
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|
where f=n"7"7° omtw, K'K~, KIK'z~, Sec.llC.Inwhatfollows we will often use also the notation

K*OK~7*; s is the total center-of-mass energy squared, V; (i=1,2,3) such thav,,V,,V; corresponds t&,V],V5,
=1/137. The leptonic widths on the mass shell of the unandV=p,w,¢.

mixed states are expressed through theV transition am- The factorPs for the final state§=n" 7" 7°, wn’ 7",
plitudesg.y and the leptonic coupling constarftgas usual: K*K~, KK 7, K*OK~ 7" reads, respectively,

47Tazgiv W (\/g)
— 37
FVe*ef_ 3m\3/ l PfE Pf(s):T,W\/pﬂ.( \/g,mw ,mﬂ.),
2 3
My Sk 1 0eeic
gy=""-. (2.2) Ak 1 Hkxk .
Y fV 6773,2 127 1WVP71'( \/gymK 1mK)y (25)
Th i ing i EQR.1 ivel
e matrices entering into E€R.1) are, respectively, where
Dy _vai _vaé ,
— — 3 _ (\“‘E*mK)Z dm mK*FK* | 3
Gy(s)=| ~Hw; Dy Iyvy 2.3 (U= P e 93(\s,m,my)
- vaé - Hvivé Dvé (2.6
(V=p,w,¢) and stands for the smearing implied by the finite width of #i&

meson. Hereafter,

D, D, D, 1
gij=a(M,m amj):m{[Mz_(mi_mj)z]
H‘P‘U H‘Piwi H‘Péwi 2 21 1/2
Goy(s)= D.. s Du | (2.43 X[M==(m;+m;)<]} 2.7
M, g, T, is the magnitude of the momentum of either particte j, in
2 L2 22 the rest frame of the decaying particle. The origin of the
Doy Duoy Doy multiplier 1/2 in the case of=K2K " 7~ is explained below.
See Sec. Il B. Assuming pointlike dynamics for the vertex
I o, 1. vector— VP, whereV stands for the vector meson, aRd
e £ 92 =K, r, the factor of theV P final state can be written as
D, D, D,
H ' H ror H BN 1 Js—m
BE NS N Wy p.(+/s,my,m )=—J Ydm
Gou(s)= D,, D, D, | @ VEm ATV (2m)%as) mpem,
2
’ ror ror s,my,m
H‘Pz“‘ H‘Pz“’l H‘Pz“’z X 1+—q (\/; 2V ))
my
D(pé Dq,é D(pé
where the inverse propagators of the bare stafg, X q(+s,my,ma(mme,m,). 29

=D,/(s), and the nondiagonal polarization operatbkg,,
=11y, (s) responsible for the mixing are discussed below inThe factor
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g2 Gem 1 They coincide, within errors, with the parameters obtained
W3, (\/s)= ﬂf ”dmcﬁ(m)qi(m)J’ dx(1—x2) earlier[19], and so we will not discuss them further. Note
-1

1272 ) 2mar that we will assume hereafter the quark model relation
X ! + ! + ! ’2 (2.9 f
D,(m?)  D,(m?) D,(m%)| "’ ' f%:—J—E' (2.19)

where . .
between the leptonic coupling constalﬁg§I andf(pi.

The accuracy of existing data in the energy range/sf
=1.1-2 GeV is still insufficient(see below for the intro-
duction of the nonzero coupling constantg ,pm; hence

1 24/s
M2 =2 (s+3m7 —m?) £ — =g, (m)q,(m)x,

g,(m=q(ys,mm,), they are fixed to zero, so that the OZI rule breaking in the
sectors, which include the heavier excitations, is attributed
q-(m=q(mm;,m;) [19], solely to the mixing via the OZl-allowed two-step processes

0 proceeding through common decay modes.
stands for the phase space volume of ther~ #° final

state. The general form of all propagators including the 2. Final state o™ 7~
p(770) one,Dp(mZ), whose imaginary part is determined by

the =" 7~ partial width The p-like resonances do not contribute Byparity con-

servation, similar to the previous case. Our analysis of pure

gz isovector channels &* e~ annihilation[9] reveals the neg-
r,(m?)= szqi(m), ligible contribution of the off-mass-shell coupling
6mm p—pm 7 in the energy range/s=1 GeV. Guided by the

planar quark diagram approach, a simiar w7 7~ cou-

pling is neglected in the present case. The coupling constants

of the ¢-like resonances to the state under consideration are

suppressed by the OZI rule and hence can be set to zero,
Before writing down explicit expressions for the various bearing in mind the poor accuracy of the present data. Note

matrix elements entering into the matrices above, let us comalso that theww" 7~ mode takes into account effectively

ment on the coupling constants of the vector mesons witlthe b,7, etc., modes. In fact, the chain

various final states. w1 ;—b1(1235)r— w7 "7~ includes the decay of the axial

b, whose decay amplitude contains two independent patrtial

waves. This results, in general, in a structureless angular dis-

Thep(770) p} -p, sector does not contribute IGparity tribution of final pions and could be modelled by the effec-

conservation, and henag, ;=0. The w;p(770)7 coupling tive pointlike w7t 7~ vertex, which includes also possible
. o ! . intermediate states containing the scalarlike mesons,
constant should be inserted in placeg)jif. In particular,

; o' —swe—ortT.
dup» and the OZI-suppressed coupling constgp}, are The ¢, ,5—@mm coupling constant is expected to be
determined from fitting the data on the present final state a”@uppresséd due to the OZI rule and hence is omitted. This

are kept fixed in fitting the remaining final states. It shouldy ess is supported by the fact that the final stater is not
be emphasized that the existing data still cannot distinguisBpserved ine*e~ annihilation[1].

between the two mechanisms of the€ 7~ 7° decay of the
©(1020), namely, a sizablew mixing, ¢— w— 7" 7 7° 3. Final state K"K~
and the direct transitiop— 77~ #° [20]. In principle, a

careful experimental study of thew interference minimum
in the reactiore*e™ — 7" 7~ #° could discriminate between
the above model21]. However, such subtleties are inessen-2 dd quark content:
tial in the present case, since both models give a similar

behavior of the cross section. So we take here for definite-

ness the purelygquark content of the(1020), thus attrib-
uting its " 7~ #° decay mode solely to the direct coupling

is given in Sec. Il C.

B. Discussing the coupling constants

1. Final state w* 7~ w°

The contribution of thep- and w-like resonances is taken
into account via SB) relations for their coupling, assuming

1
gp2,2,3K+K7 - Eg‘Pl,2,3K+K7’

constantg,,,. The masses and coupling constants of the 1
w(782) (1020) complex extracted from the fit will turn Goy, KK~ =7 Eg%‘z‘éﬁw’ (212
out to be

m,=783.4'2] MeV, m<p=1019.8fijfi MeV, and the S ®) related to the above. As a further fit shows,

= +
Gupn=14.3t16 GeV'l, g,,.=0.63+0.17 GeV !, Dot =4.705, @13
(2.10 and so we will not discuss this coupling constant further
17 anymore. The parameters of theexcitations are chosen as
f,=16.6"173. follows. The analysi§9] of these excitations gives a number
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of variants of the best description of the specific final statek * K+ K*K system, =0,1. Then the ratios of the coupling
and the parameters extracted from various final states agree <iants of the neutral, , states to variou&* Kar charge
1,2

ithi We plot thep(770)+ w(782)+ ¢(1020)+
within errors. We plot they(770)t w(782)+ ¢(1020)+ p states are expressed through the coupling consﬂ:éﬁtswth
+ p, resonance contribution to the production cross section

of theK K~ final state and convince ourselves that, surpris-definite isospin according to
ingly, thep; , parameters from the variant of the description

of the reactiorete™ — 7 7~ #°x° (with the subtraction of K* K™ a0 K* OO K* KO ™ K* OK ™

the w7® events [9] falls closer to the datfl3,14 than other (1) Y

variants do, and by that reason this variant is adopted in the o) Cpivz_ 0) 912 ETCY

present case, hereafter dubbed the/setn the meantime, =C, T f-cpiz_ 2 o Cpiz’ (2.1
another set of the; , parameters fronj9] is briefly dis- ' '

cussed at the proper place below. and the charge conjugated to the above. These couplings

were neglected if9]. In principle, they should be included

in the future, after obtaining good consistent data on various
This final state originates from the* OKO4 K*OkOinter-  channels. In the following analysis of the final states contain-

mediate state, so that the production cross sections are r#lg strange mesons, we will set upper bounds on the

lated as (KK 77)=10(K*°KP), analogously for the p1,—K*Km couplings with definite isospin of th&* K

charge conjugated states. Hence, the coupling constaftates.

Ovk+k should be inserted instead @§;, and a factor of 1/2

appears in the corresponding expression Pt The cou- C. Propagators and the nondiagonal polarization operators

pling constants of the-like, w-like, and ¢-like resonances

4. Final state KK* 7™

The propagator of the bare vector med6and the imagi-

are supposed to obey tlg model relations nary part of the nondiagonal polarization operator describing
1 the mixing between the bare stadsandV; (V=w,¢) are,
Uy, K= ngl L respectively,
L Dy,=Dy,(5)=m§ —s—isl'y(s) (2.17)
gwl,Z,SK* *K_* = ngl,Z,EY”T 1 (214) and
- _ i ImHViVl—(S): \/g(gvipwgvjpﬁpﬂnﬁﬂ'*ﬂ'o
Gy o K* K== \/Eg‘”l,z,a"" ’
+20vk+k-Ovk k- Prrk-
and the SW2) related to them. The parameters of {hdike
excitations are the same as for the final state . +49ViK**KgV,~K**K’PK§KW’
5. Final state K*°K~ar* (K*°K*77) "’6§lvi|<*0|<*7T+S.3lvjK*OK*HPK*OK*W+
The production amplitude of this final state includes, in + vy 7t 7 Ovvyrt - Wapn), (2.18

principle, both the effective pointlike, in the sense explained

earlier in the case of theww 7~ decay_ channel,v whereW, p,=Wyp.( Js, my..m_). Here the factors of 2, 4,
—K*%~ 7", and the triple vectory—K*K*° vertices. iy
The latter is the S(B) related to the vertey;—p p~. It
was shown earlief9] that the contribution of thep®
—p*p~ tail is negligible at\s>1 GeV, while thep;,

and 6 multiplying, respectively, thEK, K*K, and K* Kz
contributions allow for various charge combinations, taken
with the proper SIR) coefficients[see Eq.(2.15], and the
phase space factors of different final states are given in Eq.

o . . :
—p p coupling constants are compatible with zero. 5 g he width of the bare stateé, can be represented, in
Guided by SU3), it is reasonable to neglect the triple vector Ehl?notatlon as ! P ’

couplings in the present case, too. Note that a zero isospin of
the vector mesons involved in the eﬁectlve pointlike fOI_Jr— FV-(S)zlmHV»V»(S)/\/g- (2.19
particle vertices allows us to relate various charge combina-

tlonstoftplons and kaons, resulting in a ratio of the coupllngThe sectol/=p was described earlig@]. Here we should
constants: add the partial width

K*OK~ 7t K*OK Y K* “K ™ % K* K~ 70 ©)2

F(p12—>K*Kq-r+c c)= (4c (1)2)

+60

1
T (215 XWVPﬂ'( \/g,mK*,mK) (22@

ol

Hence, we retain here only the coupling constantd© the full width of thep; ; and the contribution

0o/ K*OK-n+: Oo’ x*0x--+ and keep them free. Thp;
12 b1z | S o Vs(4cy'e,)'+6¢, ¢, ) Wy pa (VS Mics M)
—K*Ka couplings contain two isotopic states of the
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TABLE |. The parameters of the; and¢; resonances giving the best description of the data on various
final states. The error bars are determined from gRefunction. The symbol~ means thaty? varies
insignificantly upon large variations around the corresponding parameter. The modulus of the corresponding
parameter is implied in the case of the upper bound.

Final state ata w0 wrtT” KTK~ KgKi'TT: K*OK =7t
m,; [GeV] 14793 ~1.4 ~1.46 1.503a 1.47072
T ete- [keV] 5188x 1072 <1x10%  6'2x10°% 8'%%10°% 5'Fx10°2
olpm [GeV 1] —217P9x 107! <12 <50 -973 ~=2
Gl KxOK 7+ ~0 — 73 X1 ~—2000 ~0 <500
S —-120"83 —110+110 ~—70 ~0 ~—100
m,; [GeV] ~15 ~15 ~15 ~1.9 ~1.4
Yol ki =0 =0 <15x10°* =0 =0
Golkx Ok ~—300 =-300 ~—400 <1200 =0.

32 is insensitive to lower values of the mass.

to the imaginary part of the nondiagonal polarization opera<onsiderations, justifiable in the case of the ground state me-

tor IT1,¢ [9]. sons p(770), w(782), and ¢(1020) whoseqq nature is

The expressions for the partial widths could include thefirmly established, cannot be applied to the higher excita-
energy-dependent factof8¢(s) which, analogously to the tions. The latter may contain an appreciable admixture of an
well-known Blatt-Weiskopf centrifugal factors, are aimed atexotic component Iikeqag, qzaz, etc.[6], and so it is a
restricting a too fast growth of the partial widths with the matter of principle to extract from the data the parameters of
energy rise. They are somewhat arbitrary under the demanghmixed states. By this reason the real parts of the nondiago-
of sI'(s)—const atys— . In practice, the only mode with nal polarization operators describing the mixing among
a strong dependence is the vectdf) ¢ pseudoscalar K) heavier excitations should be kept free. We consider them to
one, and our choice for the factor multiplying correspondingbe independent of energy.
coupling constant is

1+ (Rypmg)? 2.21 lll. RESULTS

1+(RVP\/§)2' The procedure of the extraction of the resonance param-
eters is the same as [@]. We fit the data on each reaction,
wherem, is the mass of the resonance aRgp is the so-  Egs. (1.1)—(1.5), separately by minimizing thg? function.
called range parameter. In principle, the specific set of parameters giving the best
Contrary to the imaginary parts fixed by the unitarity re- description of the specific cross section unnecessarily gives a
lation, the real parts ddll nondiagonal polarization operators good description of other channels. Hence, a final choice is
cannot be evaluated at present and hence should be takengde on the demand that the sets of the parameters obtained
free parameters. However, some information about the maggom various channels should differ by no more than one to
spectrum of the ground state mesons can provide a reasofyyo standard deviations. This looks reasonable, especially if
able guess about the real parts of the nondiagonal polarizame bears in mind the desirable possibility of gathering good

tion operators describing the mixing of the ground state meconsistent data on different channels and on the single facil-
sons with the heavier ones. In fact, it was shown eafliéf it

in the case of two mixed states 1 and 2 that the masses of It should be emphasized that the usual representation of
both these states acquire shifts in the opposite directions. lfhe resonance parameters as masses and partial widths evalu-

Cvp(s)=

particular, the shift of the lower state is ated at these masses is inadequate in the case of strongly
, mixed resonances and the strong energy dependence of the
S — Re I17,(m37)/2m;y partial widths. As will be clear later on, actual peaks in the
1=~ RE - , i i i i
m§—m§—|m1[rz(m§)—rl(mi)] cross sections are displaced considerably from the input

(2.22 masses of the heavier excitations. This is the reason for our
choice of the masses amupling constant®f bare states,

and it can be large. However, a fit by the minimization of thenot their partial widths, to represent the results. Furthermore,
x? function fixes only the combinatiom;+ ém;. Hence, it @ large number of free parameters pushes us to invoke some
is natural to assume that the dominant contribution to thdlypotheses on the relations between the coupling constants.
mass renormalization, Eq2.22), coming from (RH%Z) is  The assumption adopted in the present paper i theature
already subtracted, so that the mass of the lower state minof the isoscalar excitations. Corresponding relations among
mizing x? differs from the actual position of peak 1 in the the hadronic coupling constants are given in Sec. Il B.
cross section by a quantity quadratic inIlim,. Then the Our results are collected in Tables I, Il, and in Figs. 1-5.
minimum of x? is provided by the values of RE , falling In Table Ill we quote the values gf*/npor for each channel
close to zero, of course, with very large error bars. So it iconsidered in the work. It is seen that all the parameters
reasonable to fix the latter to zero from the very start. Thesagree within large error bars. The range paramBigr for
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TABLE Il. The same as in Table I, but for the; and ¢, resonances.

Final state w0 omtm” KFK~™ K= 7™ K*OK 7+
m,,; [GeV] 1.82"312 1.84° 380 1.78' 337 ~2.1 1.88"983
Trere [keV] 1079x1072  10°5x1072  <6x102 19712102  1207#9x 1072
Gugpr [GEV 1] -7%% -743 <50 —11+2 —14+6
Guofkr Ok 7+ <3000 <1000 ~0 ~0 31759x 10
S 90" £° 90" 39 ~0 ~0 <2000
Rell,;,; [GeV]? <6x10°1! <6x10°?! ~0 ~0 <20
m,; [GeV] 2.8 4,2 ~1.9 ~25 2.6.05° 2.52°03°
9Kk =0 =0 <3 =0 =0
GopkrOk -+ ~—100 ~-20 ~—400 <600 —-807 ¢
Rell, [GeV]? ~0.4 ~0 ~0.1 <5 ~0

32 is insensitive to greater values of the mass.

the p decay mod¢and the SIB) related to it turns out to  large that the disagreement is statistically insignificant. Sec-
be 0.4-1.0 GeV ! in the case of thas(782), and is not ond, the threshold of the reaction, E@.5), 1.53 GeV, is so
fixed by the fit in the case of the; . We choose it to be zero high that the inclusion of additional multiparticle decay
for the latter excitation and for the, one, too. modes may be necessary, which could change the result to-

Let us comment on the visible disagreements in Tables yards better values. We postpone this task until more satis-
and Il. First, the small, compared to the other, value offactory experimental data will appear.

', o+o- extracted from th& "K ™~ data is an artifact of our Notice that the peak positions of the heavier excitations
12 are displaced towards lower values from the bare masses of

resonances. The same phenomenon was observed in the case
of isovector excitation§9] and is due, predominantly, to the
growth of the partial widths with the energy,

particular choice ofpj, resonance parameters. Another
choice [9], with the parameters extracted from the
ete —w w wtw~ data hereafter dubbed as the st
gives better values,Fwi@ef:(ZOfgg)x10*2 keV and

[ jere-=(1171) X 107% keV. This emphasizes the neces-

dr
sity of obtaining consistent data about various final states in 5mVi 7~ —I'(s) —\/_( Js= my; 2). (3.1
e*e™ annihilation. The visible disagreement of the central ’ dvs ’

value of the leptonic widtﬂ“wéyef extracted from the reac- _ _
tion (1.5) is due to the following. First, the error bars are so _Unfortunately, available data do not put any serious re-

strictions on the real parts of the nondiagonal polarization

1000 - - 215 T 1 T 1 T 1 T 1 T -'! T 1 v +I
F . + 3 - O T
e'e ~r'mr’ ] | ee
e DM2
M ﬁgD 20k total J
n " 4 -——-- tale+o'
100 E . DM2 3 o tale+w,
s all resonances
....... ((D—(I)) °n|y
10 __ —
o ;
k=3
o
1F
01
0’01 1 " 1 2 1 2 1 " 1 " 1 " 1 A 1 I 1 1 1 1 1 L 1 2 1 " 1 L
08 10 12 14 16 18 20 13 14 15 16 17 18 19 20 21
E [GeV] E [GeV]
FIG. 1. Cross section of the reacti@e — 7 7 . The FIG. 2. Cross section of the reactiefie” — w7 7~ . The data

data are from NOJ10], DM2 [11], CMD [12]. are from DM2[11].
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H T T T T T T T T T T 4 T T T T T T T
1000 .
i ete>~ K'K
I « OLYA
100 B - DM2 -
---------- prat+p only ]
all resonances
10F
o
A=
©
1F
01 . . . . ,
: 15 16 17 18 19 20 21 22 23
E [GeV]
FIG. 5. Cross section of the reacti@ie” —K*°K~#7*. The
0101.I.I.I.I.I.I.I.I.I.I.
10 11 12 13 14 15 16 17 18 19 20 24  da@are from DMI16]
E [GeV] The best upper bounds on tbQZK*Rw couplingscg,)
' 1.2

FIG. 3. Cross section of the reactieie”—K*K~. The data  Wwith definite isospin of theK*Esystem are as followdi)

are from OLYA[13], DM2 [14]. Lower error bars of two experi- |c(°)|<1500 and|c(o)|<1100 come from fitting the cross
mental points around 1.95 GeV are not shown because their lowest "1 W
values are below 0.01 nb. section of the reactioe™e” —KK*7"; (i) |cp, |<390

2

operators. The minimization procedure points to possibléNd |Cpé <210 come from fitting the cross section of the
nonzero values which are quoted in Table II, but the erroreactionete™ —K*9K~# ™.
bars are very large.

IV. DISCUSSION

3.5 T T T T T T T T
X | The nonrelativistic quark modéNRQM) for bound states
a0k e'e — KK ] of light quarks cannot be easily justified in view of the ex-
' pectedly large QCD and relativistic corrections. Yet the re-
markable agreement of NRQM predictions with the data in
25k the physics of light quarks is impressive, and by this reason
the NRQM provides a conventional reference frame for rep-
resenting the results of numerous analyses. In particular, con-
20 clusions about the possible nom component[6,7] are
a based on a comparison of calculatid@$ with the ratios of
k=3 . coupling constants based on the NRQM. So we also will
b 151 follow here the custom of expressing the results in terms of
10 TABLE lIl. The values ofy? per number of degrees of freedom
' (npop) for each fitted channel.
05 Channel X2 Npor
a0 40/36
0.0 . . . . oTtT” 6/5
1,2 14 16 1,8 2,0 KtK~ 81/42
E [GeV] KsK* 7™ 17
K*OK =7+ 14/3
FIG. 4. Cross section of the reacti@ e  —KK*7". The K. Ks 5/7

data are from DMZ15].
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the interquark potential, bound state wave functions, etc., [ T ' T " T
bearing in mind that the extent of the reliability to the models e'e” ~ K K
of such a kind is supported by their effectiveness in known m OLYA
cases rather than by a firm theoretical basis. ® DM1

As is known, the leptonic widths, E@2.2), are sensitive all resonances ]

to the behavior of the wave function of the boumastate at
the origin[22,23: 1l

10 E

------- ptrato only

4a2Q\2,

(s, —ete )= o~

IRs(0)/2,

s [nb]

2000°Q?

01F
m® F

r(°D;—e‘e )= IR5(0)[2, (4.1

whereR, (0) is the radial wave function at the origin of the

qabound state with angular momentum Q\, is related to
the quark content of the vector mesadh=p;,w;,¢; and

reads 1{2,1/3/2,—-1/3 for, respectively, p;=(uu

—dd)/2,w;=(uut+dd)/\2,p;=ss assuming ajq na-

ture of the heavier excitations. To make the comparison
easier, we quote the magnitudes of the wave function and the 0,001 L— ) . ) , 1 .
second derivative at the origin averaged over the channels 12 1.4 18 18
under consideration. The results fprlike excitations are E [GeV]

evaluated with the help dB]. One obtains, fop-like exci-
tations, FIG. 6. Cross section of the reactieie” —K_Kg. Since the

data of OLYA[26] and DM1[27] have large error bars, the param-
|RS(0,mpr)|2=110f§8>< 1073 Ge\?, eters of the resonances extracted also have large errors and hence
! are omitted from Tables | and II.

2 —3
|Rs(0’mp§)| =(140+20)x107° GeV¥, and a confining potentidll7]. However, because the errors

(4.2 in extracting the wave functions and second derivatives at
the origin are still too large, one cannot draw any definite

" 2__ 20 —4 74
| D(O,mpi)| =80730x10°" GeV', conclusions about the parameters of the potential or to verify
., , . 3 the usual assignmentsp;=p(1450~23S, and p,
IRp(0.m,,)[“=(300=50)x 10" GeV', =p(1600)~ 13D, similar for ] and ).

The present study differs basically from that of Ref],
to be compared tdRs(0m,)|?=37x10"% Ge\’. As is  where the simplest Breit-Wigner amplitude, with the neglect
pointed out in Sec. lll, the amplitude of the reaction of mixing among the states, was used for fitting the cross
ete”—K*%K~ 7" seems to be affected by the multiparticle sections. So our conclusions are different from thosgsef

intermediate states neglected in the present analysis, and 8Pat the point that thqanature of heavier resonances is not

we exclude it from averaging in the case of the 'Soscalarséxcluded by existing data. Thqa model relation, Eq.

One gets (2.11), is fixed here from the very start, while the ratio
|Rs(oymwi)|2:4036130(14@?28)>< 1074 Ge\s, F(wi’.ﬂe+e‘)/1“(pi’ﬂe+e‘) spreads frgm z.ero to 0.3in all
the fits and does not contradict to they ratio ~1/9. The
|RS(01mwé)|2: 430" %2(2)0( 400" %880)>< 1074 Ge\s, vector-pseudoscalar and pseudoscalar-pseudoscalar cou-

plings are also related via thggq model in our work. It
(4.3 should be recalled that our previous analySikrevealed the
IRG(0,m,,)|?=30728%110" ) x 1075 GeV/, ratio B(p;— 27" 27 7)/B(p;— o) to be consistent with
! zero. This is in a contrast with the hypothesis of the hybrid
admixture[6—8] which predicts the dominance of final states
containing theL =1 mesond8]. Pseudoscalar-pseudoscalar
final states appear to be suppressed in our analysis, in quali-

|RH(0.m,,)[?=140" 29120 55) X 10 * GeV/,

to be compared t0R5(0,m,)|>=33x10"2 Ge\P. Here the

. tative agreement with the considerations of H&f. Note,
numbers in th? paren_the_ses refer Fo the&am‘_the param- - p,\wever, that there are reasons to expect the suppression of
eters of thep-like excitations mentioned earlier. Note that

. . . — " these final states for pueq mesong24].
within error bars the numerical characteristics of tg pueq 124]

structure of t_hep-llke_ and _w-l|ke excitations are coincident, V. CONCLUSION
thus supporting their assignment to the same nonet.

A realistic interquark potential could include the sum of a The data on the isoscalar heavier excitations existing now
Coulomb-like one, with a running QCD coupling constantare still of poor accuracy, not only in that the errors of the
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extracted parameters of these excitations are large, but in thedsonancep; andp, [25]. An additional illustration of such
these data are insufficient to discriminate between possiblg trap is the channei”e” —K, Kg. The curve with param-
dynamical models of the resonances with masses greater thagers obtained from fitting the reacti@e” —K*K~ and
1 GeV. In fact, we find an alternative variant of the descrip-with the proper reversing of sign of the isovector contribu-
tion which does not at all demand the existencebfande;  tion goes through four low energy OLYA poinf&6] but
resonances, however, at the expense of abandoningghe fails to describe the higher energy DM1 d§g7] consisting
model relations among strong coupling constants. The corre?f eight experimental points. When we fit the dE2&,27] on
sponding curves look even better than those shown in Figgieutral kaons, we obtajp® as low as 5. The curve shown in
1-5 in thatw) and ¢} peaks, which seem accidental, are Fig. 6 goes through almost each experimental point, yet
absent in this variant. looks unnatural in view of very large error bars. The only
Looking at the curves in the present paper convinces u¥/ay of escaping a trap of this sort and of.proving or disprov-
that fitting the scarce data with expressions containing manif'9 any part|cul'ar model of resonances in the mass range 1
free parameters can bring one to the trap of jgfwhen the <M< 2.5 GeV is to collect good consistent data on all rel-
curve goes through the central points, each possessing lar§¥ant channels. The ranges of admissible resonance param-
error bars. A narrow structure as=1.5 GeV seen in Figs. eters found in the present paper and in the earlief 8hwill
1-3 and 6, is due to the, resonance. Nonzero coupling P hopefully useful.
constants of the; resulting in its narrow width possess very
large errors which make the former to be consistent with
zero. However, simply dropping them makg$ consider-
ably larger. Nevertheless, we include just the present variant We would like to thank G. N. Shestakov for discussions.
because it is coherent with the variant of the description ofThe present work was supported in part by grant INTAS-94-
the isovector channe|8] based on the picture of two heavier 3986.
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