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Isoscalar resonances withJPC5122 in e1e2 annihilation

N. N. Achasov* and A. A. Kozhevnikov†
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The analysis of the vector isoscalar excitations in the energy range between 1 and 2 GeV of thee1e2

annihilation is presented for the final statesp1p2p0, vp1p2, K1K2, KS
0K6p7, andK* 0K2p11c.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 of theq q̄ model. It is shown that this
hypothesis does not contradict the data.@S0556-2821~98!01905-5#

PACS number~s!: 13.65.1i, 13.25.Jx, 14.40.Cs
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I. INTRODUCTION

The issue of excitations with quantum numbersJPC

5122 @1# in the energy range between 1 and 2 GeV
e1e2 annihilation still remains, to a large extent, an un
solved one. Are they recurrences of the ground state non
r(770), v(782), andw(1020), or do they have an exoti
nature@2–8#? In the former case, to what extent are the fl
vor SU~3! predictions good for them? In the latter case, a
they completely exotic, and if not, what is the admixture
the exotic non-q q̄ component? To answer these and simi
questions, one should extract the masses and coupling
stants of bare resonances in order to compare them with
ous models. As we have shown earlier@9# in the case of the
vector-isovectorr-like excitations, taking into account bot
the effects of resonance mixing and the fast energy growt
the partial widths of successively opened multiparticle ch
nels affects the specific masses and coupling constants
tracted from the data.

The present paper is aimed at extending a similar tr
ment to the case of vector-isoscalarv- and w-like excita-
tions. To this end we analyze the data on the reactions

e1e2→p1p2p0 @10– 12#, ~1.1!

e1e2→vp1p2 @11#, ~1.2!

e1e2→K1K2 @13,14#, ~1.3!

e1e2→K* 0K̄01c.c.→KS
0K6p7 @15#, ~1.4!

e1e2→K* 0K2p1~K̄* 0K1p2! @16#, ~1.5!

*Email address: achasov@math.nsc.ru
†Email address: kozhev@math.nsc.ru
570556-2821/98/57~7!/4334~9!/$15.00
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allowing for contributions of thev1,28 w1,28 resonances, in or-
der to extract the masses and coupling constants of th
excitations to various channels. The main result is th
within very large errors determined by poor data samp

the extracted parameters do not contradict the simpleq q̄
model of thev- and w-like resonances. The magnitudes

theq q̄ bound state wave function at the origin are extract
from the magnitudes of the leptonic widths, yet the accura

still does not permit one to verify the traditionalq q̄ assign-
ment @1,17# of heavier excitations and to draw any defini
conclusions about the interquark potential.

The paper is organized as follows. Section II contains
expressions for the cross sections and a discussion of
assumptions made about the interaction vertices and the
pling constants. Section III is devoted to the presentation
the results of our analysis, which are discussed in Sec.
Section V sketches possible further work necessary for
improvement of the situation with excitations with mass
above 1 GeV.

II. BASIC FORMULAS REQUIRED FOR THE ANALYSIS

A. Expressions for the cross sections

An exact application of the explicitly unitary method@18#
of taking the mixing of resonances into account is compu
tionally time consuming in the present case, since it dema
the inversion of the 939 matrix of inverse propagator
whose elements are complex numbers. Instead, we take
account the mixing inside each sector,r(770) -r18 -r28 ,
v(782) -v18 -v28 , or w(1020) -w18 -w28 to all orders, while the
terms which break the Okubo-Zweig-Iizuka~OZI! rule are
taken into account to first order. Then the cross section
production of the final statef in e1e2 annihilation can be
represented as
4334 © 1998 The American Physical Society
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,ggw

28
!GOZI

~2! ~s!S gv f /Dv
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gv
28 f /Dv
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Pf , ~2.1!
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n
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ex
where f 5p1p2p0, vp1p2, K1K2, KS
0K1p2,

K* 0K2p1; s is the total center-of-mass energy squareda
51/137. The leptonic widths on the mass shell of the u
mixed states are expressed through theg→V transition am-
plitudesggV and the leptonic coupling constantsf V as usual:

GVe1e25
4pa2ggV

2

3mV
3

,

ggV5
mV

2

f V
. ~2.2!

The matrices entering into Eq.~2.1! are, respectively,

GV~s!5S DV 2PVV
18

2PVV
28

2PVV
18

DV
18

2PV
18V

28

2PVV
28

2PV
18V

28
DV

28

D ~2.3!

(V5r,v,w) and

GOZI
~1! ~s!5S Pwv

Dv

Pw
18v

Dv

Pw
28v

Dv

Pwv
18

Dv
18

Pw
18v

18

Dv
18

Pw
28v

18

Dv
18

Pwv
28

Dv
28

Pw
18v

28

Dv
28

Pw
28v

28

Dv
28

D , ~2.4a!

GOZI
~2! ~s!5S Pwv

Dw

Pwv
18

Dw

Pwv
28

Dw

Pw
18v

Dw
18

Pw
18v

18

Dw
18

Pw
18v

28

Dw
18

Pw
28v

Dw
28

Pw
28v

18

Dw
28

Pw
28v

28

Dw
28

D , ~2.4b!

where the inverse propagators of the bare states,DV
[DV(s), and the nondiagonal polarization operatorsPVV8
[PVV8(s) responsible for the mixing are discussed below
-

Sec. II C. In what follows we will often use also the notatio
Vi ( i 51,2,3) such thatV1 ,V2 ,V3 corresponds toV,V18 ,V28 ,
andV5r,v,w.

The factorPf for the final statesf 5p1p2p0, vp1p2,
K1K2, KS

0K1p2, K* 0K2p1 reads, respectively,

Pf[Pf~s!5
W3p~As!

4p
,WVPp~As,mv ,mp!,

qKK
3

6ps
,
1

2

qK* K̄
3

12p
,WVPp~As,mK* ,mK!, ~2.5!

where

^qK* K̄
3

&5E
~mK1mp!2

~As2mK!2 dm2mK* GK* /p

~m22mK*
2

!21mK*
2 GK*

2 q3~As,m,mK* !

~2.6!

stands for the smearing implied by the finite width of theK*
meson. Hereafter,

qi j [q~M ,mi ,mj !5
1

2M
$@M22~mi2mj !

2#

3@M22~mi1mj !
2#%1/2 ~2.7!

is the magnitude of the momentum of either particlei or j , in
the rest frame of the decaying particle. The origin of t
multiplier 1/2 in the case off 5KS

0K1p2 is explained below.
See Sec. II B. Assuming pointlike dynamics for the vert
vector→VPp, whereV stands for the vector meson, andP
5K,p, the factor of theVPp final state can be written as

WVPp~As,mV ,mP!5
1

~2p!34s
E

mP1mp

As2mV
dm

3S 11
q2~As,mV ,m!

3mV
2 D

3q~As,mV ,m!q~m,mP ,mp!. ~2.8!

The factor
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W3p~As!5
grpp

2

12p2E2mp

As2mp
dmqr

3~m!qp
3 ~m!E

21

1

dx~12x2!

3U 1

Dr~m2!
1

1

Dr~m2
2 !

1
1

Dr~m1
2 !
U2

, ~2.9!

where

m6
2 5

1

2
~s13mp

2 2m2!6
2As

m
qp~m!qr~m!x,

qr~m!5q~As,m,mp!,

qp~m!5q~m,mp ,mp! @19#,

stands for the phase space volume of thep1p2p0 final
state. The general form of all propagators including
r(770) one,Dr(m2), whose imaginary part is determined b
the p1p2 partial width

Gr~m2!5
grpp

2

6pm2
qp

3 ~m!,

is given in Sec. II C.

B. Discussing the coupling constants

Before writing down explicit expressions for the vario
matrix elements entering into the matrices above, let us c
ment on the coupling constants of the vector mesons w
various final statesf .

1. Final statep1p2p0

Ther(770) -r18 -r28 sector does not contribute byG-parity
conservation, and hencegr i f

50. The v ir(770)p coupling

constant should be inserted in place ofgv i f
. In particular,

gvrp and the OZI-suppressed coupling constantgwrp are
determined from fitting the data on the present final state
are kept fixed in fitting the remaining final states. It shou
be emphasized that the existing data still cannot distingu
between the two mechanisms of thep1p2p0 decay of the
w(1020), namely, a sizablewv mixing, w→v→p1p2p0

and the direct transitionw→p1p2p0 @20#. In principle, a
careful experimental study of thewv interference minimum
in the reactione1e2→p1p2p0 could discriminate between
the above models@21#. However, such subtleties are inesse
tial in the present case, since both models give a sim
behavior of the cross section. So we take here for defin
ness the purelys s̄quark content of thew(1020), thus attrib-
uting its p1p2p0 decay mode solely to the direct couplin
constantgwrp . The masses and coupling constants of
v(782) -w(1020) complex extracted from the fit will tur
out to be

mv5783.423.0
12.7 MeV, mw51019.821.4

11.6 MeV,

gvrp514.361.6 GeV21, gwrp50.6360.17 GeV21,
~2.10!

f v516.621.3
11.7.
e

-
th

d

h

-
r

e-

e

They coincide, within errors, with the parameters obtain
earlier @19#, and so we will not discuss them further. No
that we will assume hereafter the quark model relation

f w i
52

f v i

A2
~2.11!

between the leptonic coupling constantsf v i
and f w i

.

The accuracy of existing data in the energy range ofAs
51.122 GeV is still insufficient~see below! for the intro-
duction of the nonzero coupling constantsw1,28 rp; hence
they are fixed to zero, so that the OZI rule breaking in t
sectors, which include the heavier excitations, is attribu
solely to the mixing via the OZI-allowed two-step process
proceeding through common decay modes.

2. Final statevp1p2

The r-like resonances do not contribute byG-parity con-
servation, similar to the previous case. Our analysis of p
isovector channels ofe1e2 annihilation@9# reveals the neg-
ligible contribution of the off-mass-shell couplin
r→rp1p2 in the energy rangeAs>1 GeV. Guided by the
planar quark diagram approach, a similarv→vp1p2 cou-
pling is neglected in the present case. The coupling const
of the w-like resonances to the state under consideration
suppressed by the OZI rule and hence can be set to z
bearing in mind the poor accuracy of the present data. N
also that thevp1p2 mode takes into account effectivel
the b1p, etc., modes. In fact, the chai
v1,28 →b1(1235)p→vp1p2 includes the decay of the axia
b1 whose decay amplitude contains two independent pa
waves. This results, in general, in a structureless angular
tribution of final pions and could be modelled by the effe
tive pointlike vp1p2 vertex, which includes also possibl
intermediate states containing the scalarlike meso
v8→vs→vp1p2.

The w1,2,3→wpp coupling constant is expected to b
suppressed due to the OZI rule and hence is omitted. T
guess is supported by the fact that the final statewpp is not
observed ine1e2 annihilation@1#.

3. Final state K1K2

The contribution of ther- andv-like resonances is take
into account via SU~3! relations for their coupling, assumin
a q q̄ quark content:

gr
1,2,3
0 K1K252

1

A2
gw1,2,3K

1K2,

gv1,2,3K
1K252

1

A2
gw1,2,3K

1K2, ~2.12!

and the SU~2! related to the above. As a further fit shows

gwK1K254.760.5, ~2.13!

and so we will not discuss this coupling constant furth
anymore. The parameters of ther excitations are chosen a
follows. The analysis@9# of these excitations gives a numb
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of variants of the best description of the specific final sta
and the parameters extracted from various final states a
within errors. We plot ther(770)1v(782)1w(1020)1r18
1r28 resonance contribution to the production cross sec
of theK1K2 final state and convince ourselves that, surp
ingly, ther1,28 parameters from the variant of the descripti
of the reactione1e2→p1p2p0p0 ~with the subtraction of
thevp0 events! @9# falls closer to the data@13,14# than other
variants do, and by that reason this variant is adopted in
present case, hereafter dubbed the setA. In the meantime,
another set of ther1,28 parameters from@9# is briefly dis-
cussed at the proper place below.

4. Final state KS
0K6p7

This final state originates from theK* 0K̄01K̄* 0K0 inter-
mediate state, so that the production cross sections ar
lated as s(KS

0K1p2)5 1
2 s(K* 0K̄0), analogously for the

charge conjugated states. Hence, the coupling cons
gVK* K̄ should be inserted instead ofgV f , and a factor of 1/2
appears in the corresponding expression forPf . The cou-
pling constants of ther-like, v-like, andw-like resonances
are supposed to obey theqq̄ model relations

gr1,2,3K* 1K̄25
1

2
gv1,2,3rp ,

gv1,2,3K* 1K̄25
1

2
gv1,2,3rp , ~2.14!

gw1,2,3K* 1K̄25
1

A2
gv1,2,3rp ,

and the SU~2! related to them. The parameters of ther-like
excitations are the same as for the final stateK1K2.

5. Final state K* 0K2p1
„K̄* 0K1p2

…

The production amplitude of this final state includes,
principle, both the effective pointlike, in the sense explain
earlier in the case of thevp1p2 decay channel,V
→K* 0K2p1, and the triple vector,V→K* 0K̄* 0, vertices.
The latter is the SU~3! related to the vertexr i→r1r2. It
was shown earlier@9# that the contribution of ther0

→r1r2 tail is negligible atAs.1 GeV, while ther1,28
→r1r2 coupling constants are compatible with zer
Guided by SU~3!, it is reasonable to neglect the triple vect
couplings in the present case, too. Note that a zero isosp
the vector mesons involved in the effective pointlike fou
particle vertices allows us to relate various charge comb
tions of pions and kaons, resulting in a ratio of the coupl
constants:

K* 0K2p1:K̄* 0K1p2:K* 2K1p0:K* 1K2p0

51:1:
1

A2
:

1

A2
. ~2.15!

Hence, we retain here only the coupling consta
gv

1,28 K* 0K2p1, gw
1,28 K* 0K2p1 and keep them free. Ther1,28

→K* K̄p couplings contain two isotopic states of th
,
ee

n
-

e

re-

nt

d

.

of

a-
g

s

K* K̄1K̄* K system,I 50,1. Then the ratios of the coupling
constants of the neutralr1,28 states to variousK* K̄p charge
states are expressed through the coupling constantscr

1,28
(I )

with

definite isospin according to

K* 1K2p0:K* 0K̄0p0:K* 1K̄0p2:K* 0K2p1

5cr
1,28

~0!
1

cr
1,28

~1!

A2
:cr

1,28
~0!

2

cr
1,28

~1!

A2
:cr

1,28
~1! :cr

1,28
~1! , ~2.16!

and the charge conjugated to the above. These coupl
were neglected in@9#. In principle, they should be include
in the future, after obtaining good consistent data on vari
channels. In the following analysis of the final states conta
ing strange mesons, we will set upper bounds on
r1,28 →K* K̄p couplings with definite isospin of theK* K̄
states.

C. Propagators and the nondiagonal polarization operators

The propagator of the bare vector mesonV and the imagi-
nary part of the nondiagonal polarization operator describ
the mixing between the bare statesVi andVi (V5v,w) are,
respectively,

DVi
[DVi

~s!5mVi

2 2s2 iAsGVi
~s! ~2.17!

and

ImPViVj
~s!5As~gVirpgVjrpPp1p2p0

12gViK
1K2gVjK

1K2PK1K2

14gViK* 1KgVjK* 1K2PK
S
0K1p2

16gViK* 0K2p1gVjK* 0K2p1PK* 0K2p1

1gViV1p1p2gVjV1p1p2WVPp!, ~2.18!

whereWVPp[WVPp(As,mV1
,mp). Here the factors of 2, 4

and 6 multiplying, respectively, theKK̄, K* K̄, andK* K̄p
contributions allow for various charge combinations, tak
with the proper SU~2! coefficients@see Eq.~2.15!#, and the
phase space factors of different final states are given in
~2.5!. The width of the bare stateVi can be represented, i
this notation, as

GVi
~s!5ImPViVi

~s!/As. ~2.19!

The sectorV5r was described earlier@9#. Here we should
add the partial width

G~r1,28 →K* K̄p1c.c.!5~4cr
1,28

~0!2
16cr

1,28
~1!2

!

3WVPp~As,mK* ,mK! ~2.20!

to the full width of ther1,28 and the contribution

As~4cr
18

~0!
cr

28
~0!

16cr
18

~1!
cr

28
~1!

!WVPp~As,mK* ,mK!



ious

onding

4338 57N. N. ACHASOV AND A. A. KOZHEVNIKOV
TABLE I. The parameters of thev18 andw18 resonances giving the best description of the data on var
final states. The error bars are determined from thex2 function. The symbol; means thatx2 varies
insignificantly upon large variations around the corresponding parameter. The modulus of the corresp
parameter is implied in the case of the upper bound.

Final state p1p2p0 vp1p2 K1K2 KS
0K6p7 K* 0K2p1

mv
18

@GeV# 1.420.2
10.1 ;1.4 ;1.46 1.510.3 a 1.410.7 a

Gv
18e1e2 @keV# 525

11831022 ,131022 626
120031023 828

1150031023 525
19531022

gv
18rp @GeV21# 221232

11931021 ,12 ,50 2922
14 ;22

gv
18K* 0K2p1 ;0 27250

14 3102 ;22000 ;0 ,500
gv

18vp1p2 2120290
160 21106110 ;270 ;0 ;2100

mw
18

@GeV# ;1.5 ;1.5 ;1.5 ;1.9 ;1.4
gw

18KK̄ [0 [0 ,1531021 [0 [0
gw

18K* 0K2p1 ;2300 [2300 ;2400 ,1200 [0.

ax2 is insensitive to lower values of the mass.
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5.

ers
to the imaginary part of the nondiagonal polarization ope
tor Pr

18r
28

@9#.

The expressions for the partial widths could include
energy-dependent factorsCf(s) which, analogously to the
well-known Blatt-Weiskopf centrifugal factors, are aimed
restricting a too fast growth of the partial widths with th
energy rise. They are somewhat arbitrary under the dem
of AsG(s)→const atAs→`. In practice, the only mode with
a strong dependence is the vector (V)1pseudoscalar (P)
one, and our choice for the factor multiplying correspond
coupling constant is

CVP~s!5
11~RVPm0!2

11~RVPAs!2
, ~2.21!

wherem0 is the mass of the resonance andRVP is the so-
called range parameter.

Contrary to the imaginary parts fixed by the unitarity r
lation, the real parts ofall nondiagonal polarization operato
cannot be evaluated at present and hence should be tak
free parameters. However, some information about the m
spectrum of the ground state mesons can provide a rea
able guess about the real parts of the nondiagonal pola
tion operators describing the mixing of the ground state m
sons with the heavier ones. In fact, it was shown earlier@19#
in the case of two mixed states 1 and 2 that the masse
both these states acquire shifts in the opposite directions
particular, the shift of the lower state is

dm1.2Re
P12

2 ~m1
2!/2m1

m2
22m1

22 im1@G2~m2
2!2G1~m1

2!#
,

~2.22!

and it can be large. However, a fit by the minimization of t
x2 function fixes only the combinationm11dm1. Hence, it
is natural to assume that the dominant contribution to
mass renormalization, Eq.~2.22!, coming from (ReP12

2 ) is
already subtracted, so that the mass of the lower state m
mizing x2 differs from the actual position of peak 1 in th
cross section by a quantity quadratic in ImP1,2. Then the
minimum of x2 is provided by the values of ReP1,2 falling
close to zero, of course, with very large error bars. So i
reasonable to fix the latter to zero from the very start. Th
-

e

t

nd

g

as
ss
n-
a-
-

of
In

e

ni-

s
e

considerations, justifiable in the case of the ground state
sons r(770), v(782), andw(1020) whoseq q̄ nature is
firmly established, cannot be applied to the higher exc
tions. The latter may contain an appreciable admixture of
exotic component likeq q̄g, q2 q̄2, etc. @6#, and so it is a
matter of principle to extract from the data the parameters
unmixed states. By this reason the real parts of the nondia
nal polarization operators describing the mixing amo
heavier excitations should be kept free. We consider them
be independent of energy.

III. RESULTS

The procedure of the extraction of the resonance par
eters is the same as in@9#. We fit the data on each reaction
Eqs. ~1.1!–~1.5!, separately by minimizing thex2 function.
In principle, the specific set of parameters giving the b
description of the specific cross section unnecessarily giv
good description of other channels. Hence, a final choic
made on the demand that the sets of the parameters obta
from various channels should differ by no more than one
two standard deviations. This looks reasonable, especial
one bears in mind the desirable possibility of gathering go
consistent data on different channels and on the single fa
ity.

It should be emphasized that the usual representatio
the resonance parameters as masses and partial widths e
ated at these masses is inadequate in the case of stro
mixed resonances and the strong energy dependence o
partial widths. As will be clear later on, actual peaks in t
cross sections are displaced considerably from the in
masses of the heavier excitations. This is the reason for
choice of the masses andcoupling constantsof bare states,
not their partial widths, to represent the results. Furthermo
a large number of free parameters pushes us to invoke s
hypotheses on the relations between the coupling consta
The assumption adopted in the present paper is theq q̄nature
of the isoscalar excitations. Corresponding relations am
the hadronic coupling constants are given in Sec. II B.

Our results are collected in Tables I, II, and in Figs. 1–
In Table III we quote the values ofx2/nDOF for each channel
considered in the work. It is seen that all the paramet
agree within large error bars. The range parameterRrp for
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TABLE II. The same as in Table I, but for thev28 andw28 resonances.

Final state p1p2p0 vp1p2 K1K2 KS
0K6p7 K* 0K2p1

mv
28

@GeV# 1.8220.15
10.19 1.8420.07

10.10 1.7820.30
10.17 ;2.1 1.8821.00

10.60

Gv
28e1e2 @keV# 1028

1931022 1023
1531022 ,631022 19219

111231022 120250
14031022

gv
28rp @GeV21# 2723

14 2722
13 ,50 21162 21466

gv
28K* 0K2p1 ,3000 ,1000 ;0 ;0 31229

1403101

gv
18vp1p2 90250

1100 90230
140 ;0 ;0 ,2000

RePv
18v

28
@GeV#2 ,631021 ,631021 ;0 ;0 ,20

mw
28

@GeV# 2.821.1
a ;1.9 ;2.5 2.620.3

a 2.5220.27
10.35

gw
28KK̄ [0 [0 ,3 [0 [0

gw
28K* 0K2p1 ;2100 ;220 ;2400 ,600 280260

140

RePw
18w

28
@GeV#2 ;0.4 ;0 ;0.1 ,5 ;0

ax2 is insensitive to greater values of the mass.
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therp decay mode@and the SU~3! related to it# turns out to
be 0.461.0 GeV21 in the case of thev(782), and is not
fixed by the fit in the case of thev18 . We choose it to be zero
for the latter excitation and for thev28 one, too.

Let us comment on the visible disagreements in Table
and II. First, the small, compared to the other, value
Gv

1,28 e1e2 extracted from theK1K2 data is an artifact of our

particular choice ofr1,28 resonance parameters. Anoth
choice @9#, with the parameters extracted from th
e1e2→p1p2p1p2 data hereafter dubbed as the setB,
gives better values,Gv

18e1e25(20220
160)31022 keV and

Gv
28e1e25(11211

119)31022 keV. This emphasizes the nece

sity of obtaining consistent data about various final state
e1e2 annihilation. The visible disagreement of the cent
value of the leptonic widthGv

28e1e2 extracted from the reac

tion ~1.5! is due to the following. First, the error bars are

FIG. 1. Cross section of the reactione1e2→p1p2p0. The
data are from ND@10#, DM2 @11#, CMD @12#.
I
f

in
l

large that the disagreement is statistically insignificant. S
ond, the threshold of the reaction, Eq.~1.5!, 1.53 GeV, is so
high that the inclusion of additional multiparticle deca
modes may be necessary, which could change the resu
wards better values. We postpone this task until more sa
factory experimental data will appear.

Notice that the peak positions of the heavier excitatio
are displaced towards lower values from the bare masse
resonances. The same phenomenon was observed in the
of isovector excitations@9# and is due, predominantly, to th
growth of the partial widths with the energy,

dmV
1,28 ;2G~s!

dG

dAs
~As5mV

1,28 !. ~3.1!

Unfortunately, available data do not put any serious
strictions on the real parts of the nondiagonal polarizat

FIG. 2. Cross section of the reactione1e2→vp1p2. The data
are from DM2@11#.
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operators. The minimization procedure points to poss
nonzero values which are quoted in Table II, but the er
bars are very large.

FIG. 3. Cross section of the reactione1e2→K1K2. The data
are from OLYA @13#, DM2 @14#. Lower error bars of two experi-
mental points around 1.95 GeV are not shown because their lo
values are below 0.01 nb.

FIG. 4. Cross section of the reactione1e2→KS
0K6p7. The

data are from DM2@15#.
le
r

The best upper bounds on ther1,28 K* K̄p couplingscr
1,28

(I )

with definite isospin of theK* K̄ system are as follows:~i!
ucr

18
(0)u,1500 anducr

28
(0)u,1100 come from fitting the cros

section of the reactione1e2→KSK6p7; ~ii ! ucr
28

(1)u,390

and ucr
28

(1)u,210 come from fitting the cross section of th

reactione1e2→K* 0K2p1.

IV. DISCUSSION

The nonrelativistic quark model~NRQM! for bound states
of light quarks cannot be easily justified in view of the e
pectedly large QCD and relativistic corrections. Yet the
markable agreement of NRQM predictions with the data
the physics of light quarks is impressive, and by this rea
the NRQM provides a conventional reference frame for r
resenting the results of numerous analyses. In particular,
clusions about the possible non-q q̄ component@6,7# are
based on a comparison of calculations@8# with the ratios of
coupling constants based on the NRQM. So we also w
follow here the custom of expressing the results in terms

st

FIG. 5. Cross section of the reactione1e2→K* 0K2p1. The
data are from DM2@16#.

TABLE III. The values ofx2 per number of degrees of freedom
(nDOF) for each fitted channel.

Channel x2/nDOF

p1p2p0 40/36
vp1p2 6/5
K1K2 81/42
KSK6p7 11/7
K* 0K6p7 14/3
KLKS 5/7
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the interquark potential, bound state wave functions, e
bearing in mind that the extent of the reliability to the mod
of such a kind is supported by their effectiveness in kno
cases rather than by a firm theoretical basis.

As is known, the leptonic widths, Eq.~2.2!, are sensitive
to the behavior of the wave function of the boundq q̄ state at
the origin @22,23#:

G~3S1→e1e2!5
4a2QV

2

m2 uRS~0!u2,

G~3D1→e1e2!5
200a2QV

2

m6 uRD9 ~0!u2, ~4.1!

whereRL(0) is the radial wave function at the origin of th
q q̄ bound state with angular momentumL. QV is related to
the quark content of the vector mesonV5r i ,v i ,w i and
reads 1/A2,1/3A2,21/3 for, respectively, r i5(u ū

2d d̄)/A2,v i5(u ū1d d̄)/A2,w i5s s̄, assuming aq q̄ na-
ture of the heavier excitations. To make the comparis
easier, we quote the magnitudes of the wave function and
second derivative at the origin averaged over the chan
under consideration. The results forr-like excitations are
evaluated with the help of@9#. One obtains, forr-like exci-
tations,

uRS~0,mr
18
!u25110220

13031023 GeV3,

uRS~0,mr
28
!u25~140620!31023 GeV3,

~4.2!

uRD9 ~0,mr
18
!u2580210

12031024 GeV7,

uRD9 ~0,mr
28
!u25~300650!31024 GeV7,

to be compared touRS(0,mr)u253731023 GeV3. As is
pointed out in Sec. III, the amplitude of the reactio
e1e2→K* 0K2p1 seems to be affected by the multipartic
intermediate states neglected in the present analysis, an
we exclude it from averaging in the case of the isoscal
One gets

uRS~0,mv
18
!u2540240

1620~1402140
1620!31024 GeV3,

uRS~0,mv
28
!u254302250

11420~4002200
11080!31024 GeV3,

~4.3!

uRD9 ~0,mv
18
!u2530230

1960~1102110
1980!31025 GeV7,

uRD9 ~0,mv
28
!u251402100

1570~120280
1430!31024 GeV7,

to be compared touRS(0,mv)u253331023 GeV3. Here the
numbers in the parentheses refer to the setB of the param-
eters of ther-like excitations mentioned earlier. Note th
within error bars the numerical characteristics of theq q̄
structure of ther-like andv-like excitations are coincident
thus supporting their assignment to the same nonet.

A realistic interquark potential could include the sum o
Coulomb-like one, with a running QCD coupling consta
.,

n

n
he
ls

so
s.

t

and a confining potential@17#. However, because the erro
in extracting the wave functions and second derivatives
the origin are still too large, one cannot draw any defin
conclusions about the parameters of the potential or to ve
the usual assignmentsr18[r(1450);23S1 and r28
[r(1600);13D1, similar for v18 andv28 .

The present study differs basically from that of Ref.@7#,
where the simplest Breit-Wigner amplitude, with the negle
of mixing among the states, was used for fitting the cro
sections. So our conclusions are different from those of@6–
8# at the point that theq q̄ nature of heavier resonances is n
excluded by existing data. Theq q̄ model relation, Eq.
~2.11!, is fixed here from the very start, while the rat
G(v i8→e1e2)/G(r i8→e1e2) spreads from zero to 0.3 in a

the fits and does not contradict to theq q̄ ratio ;1/9. The
vector-pseudoscalar and pseudoscalar-pseudoscalar
plings are also related via theq q̄ model in our work. It
should be recalled that our previous analysis@9# revealed the
ratio B(r18→2p12p2)/B(r18→vp0) to be consistent with
zero. This is in a contrast with the hypothesis of the hyb
admixture@6–8# which predicts the dominance of final stat
containing theL51 mesons@8#. Pseudoscalar-pseudoscal
final states appear to be suppressed in our analysis, in q
tative agreement with the considerations of Ref.@8#. Note,
however, that there are reasons to expect the suppressio
these final states for pureq q̄ mesons@24#.

V. CONCLUSION

The data on the isoscalar heavier excitations existing n
are still of poor accuracy, not only in that the errors of t

FIG. 6. Cross section of the reactione1e2→KLKS . Since the
data of OLYA @26# and DM1@27# have large error bars, the param
eters of the resonances extracted also have large errors and
are omitted from Tables I and II.
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extracted parameters of these excitations are large, but in
these data are insufficient to discriminate between poss
dynamical models of the resonances with masses greater
1 GeV. In fact, we find an alternative variant of the descr
tion which does not at all demand the existence ofv18 andw18

resonances, however, at the expense of abandoning thqq̄
model relations among strong coupling constants. The co
sponding curves look even better than those shown in F
1–5 in thatv18 and w18 peaks, which seem accidental, a
absent in this variant.

Looking at the curves in the present paper convinces
that fitting the scarce data with expressions containing m
free parameters can bring one to the trap of lowx2 when the
curve goes through the central points, each possessing
error bars. A narrow structure atAs.1.5 GeV seen in Figs
1–3 and 6, is due to thew18 resonance. Nonzero couplin
constants of thew18 resulting in its narrow width possess ve
large errors which make the former to be consistent w
zero. However, simply dropping them makesx2 consider-
ably larger. Nevertheless, we include just the present var
because it is coherent with the variant of the description
the isovector channels@9# based on the picture of two heavie
g,
at
le
an

-

e-
s.

s
y

rge

h

nt
f

resonancesr18 andr28 @25#. An additional illustration of such
a trap is the channele1e2→KLKS . The curve with param-
eters obtained from fitting the reactione1e2→K1K2 and
with the proper reversing of sign of the isovector contrib
tion goes through four low energy OLYA points@26# but
fails to describe the higher energy DM1 data@27# consisting
of eight experimental points. When we fit the data@26,27# on
neutral kaons, we obtainx2 as low as 5. The curve shown i
Fig. 6 goes through almost each experimental point,
looks unnatural in view of very large error bars. The on
way of escaping a trap of this sort and of proving or dispro
ing any particular model of resonances in the mass rang
,m,2.5 GeV is to collect good consistent data on all r
evant channels. The ranges of admissible resonance pa
eters found in the present paper and in the earlier one@9# will
be hopefully useful.
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