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1. Introduction 

The investigation of the problem of radial excitations of 
light mesons (consisting of'U , DI , ~ quarks) is of a considerable 
interest in view of "the elucidation of the dyn~~ics of light 
quarks inside hadrons and aearch of new "nonsta.IÍdard" (gluonic, 

quark-gluonic and multiquark) states against a background of "atan­
daz-d" ,.~ -states. 

Hitherto we have no answer to the primary question: ~here is the 
first radial excitation of the light mesons/1,2/? For the most 

examined p - meson excitations there was an ambiguity connected 
with	 the possible existenc~ of two resonances: p(1250) and p(1600) 
(for	 a minireview of this problem see in/J / ) . 

Recently, the data on the reaction	 ~ 

e+e- -... wJjo (1) 

in the c.m. energy range from 1.0 to 1.4 GeV have appeared/4/. and 
this	 ought to resolve the problem of the existence (or not) of 
~(1250) because its main decay mode ia wn /2/ and one should 

observe a resonance structure in the cross aection of this reaction 
at 1.25 GeV. The authors of ref./4/ conclude that their results rule 
out the existence of this meson. In any case it it exists, then its 
e+e--decay width ahould be very small (see, als~/5/). 

Quite recently, the results of the investigation of the decay 

"r- .... .J't wJi­
(2) 

have been published/6/. This research gives a very important infor­
mation concerning the positions of the p -meson excitations because 
the meaaured spectral function for this decay ia directly connected 
by CVC with the cross section of procesa (1). The authors of ref./6/ 

conclude that a combination p(770) + p(1600) was ruled out and 
that with the present statictics one cannot prove or diaprove a 

p(1250) contribution. However, they do not analyse the triple combi­
nation	 p(770) + p(1250) + p(1600). 

There ia the sarne problem for the ~-meson radial excitations. 
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On the basis of the quark model one can suggest the existence of 

w - exci tations wi th the sarne masses as for ane.Lo go us p -excitati ­
on8. The direct manifestation of thern could be observed in the 
reaction 

e'"e - -~ li +:n- n° 
(3) 

due to the main channel of O) being the form~tion of intermadiate 
W -meson resonances wi th subsequent their decays into p]f and 

then transition p .... ~ li • Remark tha t there are three intermadiate 
charge channels of (3) (p'" ~ - ,r-jf+ , pOli o 

) which should inter­

fer with each other. The process (3) has been investigated in the 
experiments/ 7-10/ in the whole c.m. energy range from 1.0 to 2.25 GeV 
and it gives a very valuable information about the excitations of 
vector mesons. In r~f./9/ there was an indication of the appearance 
of ~ (1600) in this reaction. 

I undertook to ana.Lys e the processes (1) - (3) by raeans of VDE 

simultaneously. Meanwhile Donnachie, et al./11,12/ carried out a 

aub t l,e analysis of the production of R. TI ,4li and '1 f -systems in 
e+e- -collision and in photoproduction reactions. They have empha­

sized the importance of off-diqgonal terms in photoproduction reacti ­
ons and conclude that a consistent picture occurs when two resonances 
of p wi th masses of 1.465:!: 0.025 GeV and 1.700 ± 0.025 GeV wi th 
widths of 0.235 :!: 0.025 GeV and 0.220 ± 0.025 GeV, respectively, 
are supposed to existo Our results fully confirm this conjectur,e 
by Donnachie et aI., but we ~ind that a better agreement with expe­
riments ia achieved when the 1700 - resonance itself splits into 

two resonances: 1625 and 1750. So, after alI we have ~ 

resonances 1425, 1625 and 1750 against the 16?0 old one (+ an illu­
sive 1250). SUch a large density of resonances in a narrow mass re­
gion requires an explanation. ue suggest one of them to be super­

fluous within the ~~- model and interpret it as a new hybrid state 
(meiktop, hermaphrodite). 

In our consideration we include the broad p/W(2100)-resonanc~ 

too,which may be, in fact, a gathering of overlapping resonances/J / . 
The paper is organized as follows. In Sect. 2 we consider the 

processes (1) - (3) on the basis of VDM and determine the fitting 
~odel parameters of introduced resonances from comparison with the 
data. In Sect. J we estimate the leptonic e+ e- -decay widths by 

means of more speculative assumptions about branching ratios for 
these resonances. However, the latter does not prevent us from 
defin~te conclusions concerning these 'resonances, which we give in 

Sect. 4. Then in Sect. 5 we make closing remarks and discuss experi­
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mental possibilities for a verification of our treatment of theLe 

resonanCBS. 

2. The processes in the framework of VAID 

The processes of interest are described by a diagram shown in 
Fig. 1. (In the case of ~ -decay it is necessary to substitute 
leptons e" ,e- by ~ , Y-c and an intermadiate r -quantum by W - bo­
son). The intermadiate vector meson· ~i may be either ground 
p/w -staie or its excitations, whereas a meson V~ is formed only 

in i ts úJ/ p -groillld s t a t e , 

e+ V2 

e­

~. The diagram of the process e+e...... vJ!. <,w/p)J1
 

through an intermediate v... (r· f:··· /w.<u:... } "
 

meson.
 

Each intermadiate resonance is determined by its mass, mv 
and total width, r~~' . We neglect the dependence of the width; on 

1 

energy because it becomes important far from the resonance where 
the contribution of the latter is insignificant. The contribution of 
the resonance to the amplitude of the corresponding process is 
determined by the ratio of the strong constant ~ v v fi to the 
leptonic constant a of the photon-vector meson t:ansition: 

tJ Vi 

.B =Q la v. (1 v. vjt li" tf v. .
 

If the transi tion V ... - V2. 'lí is kinematically allowed, then the
 
strong constant can be detêrmined by the known value of the partial
 
decay width
 

2., 3 
r ("'I:; - V2, n ) = (:Jv v. li 1-12J') Pjj , 

• 2. (4) 

where p... is the outgoing pion momentum. The leptonic constant is
 
calculated from the value of the leptonic decay of resonance (if it
 
is known)
 

:3 



r<v: ...e +e - ) = c.o(.2tn-r./3)(~~/4lif\ (5)
 

where o(. ~ 1/137.
 

Within VDM crosa sections of the frocesses ( 1) and (J) are
 
given by the following expressions/ 13- 51:
 

2. 3 3/.2­
6' ( e'" e - -. W j\ o ) "'" 4 li 01.. Pli I ( 3 {) ) o 

(6) 

o I L.... 'rn: B / (. ~ _ to 2. .... "" m r tot ) ,2. 
~=o,-1.... .. fi. • r~ r.: 1". 

and 

<O ( e +e - ... f TI -- Jr+ Ji - JTo ) = o( 2. InJf / ( 2.G' ) o (~f~JT / ~ Ji ) o 

Z- 2. to'\: 2. tot 
ot s: I'nc...o B~ /(~-tnc...o_ -+ i m . rw . )l j (€.tn • r~ ). 

(7 ) 
w r"::.0, ... ,)...... i i .... " ... 

where ~ = l;e+ +'Ee - is the total e s m, energy. Here Vle label the 
subsequent intermadiate F/w - r-esonancaa by subscript -i. = 0,1, ••• 

( ~ = O corresponds to f/~ - mesons). In eq. (7) the kinematical 
factor (an integral) j (~. h"\('. lj""tot ) takes 'Lnto account the 
interference of the three charge channels and its dependence on the 

energy. The constant ~PliJr = 6.10 ~ 0.10 was calculated from the 
value of the p -decay width rCr--»"'jj-) ~ U~./3)('~iisr/~}l')p;/mt 

= 153 ~ 2 MeY 13/.
 
The expressions for the widths of the decays w._r.+Y1-~o
 

. . 1161 '
 
~ = O, 1, ••• ) are analogous to (7) : 

[' (c...> ....... .oJi_li ...Ji-JjO)=tn: m,o (~2 _ /4Ii)(Q2..,._II.,Jj)o
 
• ,I •• .......... d c...o, r)l d" r .. Jl
 

~ ~i (8)
cJ (h'lw,: , ...... i. rf' ) 

The spectral function for the decay (2) is directly related 
by CYC to the cross section for the process (1) at the' same ener­
gy/6,17/: 

. 
tT _ (.r;) = ~/(4ji.to(.e)· 6"Ce+e---wr.°)o

1W). (9 ) 

For f' and w - mesons parameters were determined in the 

following manrier-, The leptonic constants ~ e , ~ ..... were calculated 
by means of eq. (5) from the available data on the leptonic Widths / 3( 

The resulta of calculations are presented· in Table 1. 
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'l'able 1. Par-eme t-er-s of r-, W-, and ~ .; mesons 

Meson, I'l'lr. rt. t r< -..e"e-).v. ~VV'JT' ~v .B v • 
V MeY MeY keY GeV-1 Gey-1 

p (770) 770 6.90 16.6 4.94 
~ """õ:"'8' ± .1~ 3 ~~ ±0.30 ~0.10 ~ 

w (:lli2) 782.6 9.8 0.66 16.6 16.3 1.02 
± 0.2 ~õ:3 ~ o.'04 ± 0.8 ± 0.5 ±O.Ob 

~ (1020) 1019.5 4.22 1.31 0.74 - (13.2 -(0.056
± 0.1 ±õ:"Tj ±0.06 ±0.O3 ± 0.3) ±~)
 

The underlined values are used in the following calculations. 
The constant ~ p<.v Ji could be determined in the two following 

wáys. Th~ fir~t is based on the application of the SU(6)~ -rela­
tion: 

~f'''''''~ = 2. ~(-'Ii:ii" Im!? 
(10 ) 

and gives the value 15.8 ± 0.3 'Gey-1• The second consists in the 

deterrnination of <:i ...... f'"l= '}p"",ô) from the known value of the width 
r.(w-p".-3r.) = - 8.30 ± 0.27 Mey/ 31 by means of eq. (8) and gives 

16.6 ~ 0.8 Gey-1 • As we can see, the values of ';f (><'~Iõ calculated 
in these two ways almost coincide. In the followin~ we shall make 
use of the latter (underlined) magnitude. 

The calculated values of the par-ame t er-s B p and B..... are 
presented in Table 1; too. As we can see, Br> ~ 3B...... in accordance 
with the prediction of the quark model under condition of the ideal 
singlet-octet mixing. 

In our calculation of the cross section of the reaction (3) 
we take into account a contribution from ~ - meson too because it 
share s in pr. -d~cay with E.R. (lf-- pii) = 0.12 ± 0.01 / 3/ • 'The 
parameters of ~ -meson were determined directly by means of eqs. 
(4) and (5) from data/ 3/• The results are presented in ~able 1. 
Remark that the sign of ~ 'f t and B'i') is opposi te to signs of ~<..V 

and ~ f' • For the e:xci ted f /w - meson s:tates their masses, total 
widths and ratios B v were unknown fitting parameters dete~ined 

by the comparison with the data. However on the basis of the quark 

model we admi t the following relations between f..: and ú.)i (,,- =~, 2••• ) 
parameters 

m = h-l Q = q Q - Q /3ri. w~ , d f';<.uJl d<..Jd)J<) «e, - dW~ ( 11) 

and as a consequence the relation: iSr.>. =' 3 B w .• 
I • ~ 
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We consider two models which include three and five resonances: 
Model I (MI): r (770)/ w(783) + f l 

/ w ' ( 1600 ) + Ç:>"/GoJ'''(2100); 

Model 11 (MIl): p(770)/'V (783) + r'/w'(1425) + f"lw"(1625) + 
+ ("/w""(1750) + p'" /c.v 'V (2100). 

What concerns the p /w (1750) and p/cu (2100) resonan'bes, there 
is not enough knowledge about them. There is some indication of the 
existence of f (~100) in the pp -mode/3/. Reeently some evidence 

in favour of the existence of Lv (1880) with the width of 0.3 GeV 
has appeared in the diffractive photoproduction of gc TI aystem/18/. 

In the framework of MIl this enhancement could be explained as the 
ovez-LappLng of the w (1750) and c.v (2100)-resonances. 

To get convinced of the necessity of the inclusion of these 
two higher-lying resonances in the 1'111, we carry out the calculation 
of the cross section of reaction (3) without them. 

A correct description of every of three ~rocesses in our 
modela requires that the aubsequent resonancea have alternating 
sign, i.e. their relative phase are +, - , + ,- and ao on , in 

al./11,12/.accordance with the choice of Donnachie et 
The results of the best fits are expounded in Table 2. 

Table 2. The fitting parameters of the resonances of 
~/c..u - mesons 

r"totResonance '""Y') 'v B v •
 
v IvIeV MeV GeV-1
 

Model I 

r'/Lc.> ' 1600 400/500 -0.300/-.100 

~,;/c:., " 2100 300 0.045/0.015 

Model 11 

p'/~' 1425 240/300 -0.42~/-o. 140 
1 \ 

p"/w" 1625 250 0.316/0.105 

r'"/W''' 1750 400 -0.180/-0.060 

f,rjw '" 2100 700 0.090/0.030 

The consent of the calculated croas s~ction curves with experimantal 
data is shown in Fig. 2. 
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J.il i g . 2.	 The total cross sections for the processes: 
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function for the decay L .... Y't' wrr • 'I'he experimental 
data are· a) /7/ /8/ /9/ o /10/A 

• &.1 'o ,+, , 
b) 0/4/ , c) • /6/. The calculated curves are: the 

dashed line for Model I, the solid line for Model 11, 
the dot-dashed line on a) for Model 11 without w (1750) 
and ~(2100) -reso~ances. 
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The inspection of the behaviour of calculateQ curves brought us 

to the following conclusions. For the processes (1) and (2} (Fig. 
2 b, c) the data can be described successfully both by !VII and tITI. 
However, within the MI we ought to demand the biggest value 
400/500 MeV for the total widths of the f/<u(1600).~ resonances 
which agrees wi th the experimental one observed in a 4 ii - decay 

mode but not in 2.Ji - and KK - decay modes of p (1600/31• Only 
for this reason our calculations differ from/6/ where the tabular III 
value 260 MeV for the total width has been taken. At the sarne time 
the combination f (1250) + P (1600) con"toradicts the data on pro­
cesses (1) and (2) if the f (1250) has a noticeable magnitude of ~\ 
the leptonic width (more than 100 eV). 

A sharp difference between the forecasts of MI and MIl takes 
place for the process (2) (Fig. 2a) in the c.m~ energy range 

1.4 - 1.6 GeV. MI predicts a smooth plateau in this region whereas 
ulI1 predicts an abrupt decrease of the cross section with a minimum 
at about 1.5 GeV due to the destructive interference of the nearby 

w (1425) and w (1625)-resonances. The data/8 , 9/ indicate the 
existence of this minimum and,at the sarne time, the data/10/ are 

well described by the MIl at energies below 1.4 GeV. Unf~rtunately, 

the energy realms of/B,9/ and/10/ are not overlapping. If we agree 
with data/B~9/, then we have to prefer the Model 11 with ~ (1425) 

and ~ (1625) - resonances. The first of them is very close to 
p (1465 ~ 25) - the Donnachie et aI. resonance/11,12/. But the 

second úJ(1625) - resonance is noticeabiy lower in comparison with 
the Donnachie p (1700) - resonance. 

'Mor~over, if we restrict our consideration only to these two 
resanances, then their tails give an eruiancement of the theoretically 
calculated cross section as compar.ed to the experimental one in the 
energy range 1.7 - 2.2 GeV/9/ (see Fig. 2a). To suppress the 'influ­
ence of these tails on the cross section in this region enforces us 
to introduce one more ~ (1750)-resonance. Due to its destructive 
interference with the tails of w (1.425) and w (1625) (and with 

c» (2rOO) resonance, too) the cross section of the process e.+~-... li"'jC1io 

in the above-mentioned energy region strongly decreases in accor­ .',}dance ~ith experimental data/9/. Remark, the calculated curve
 

displays only two maxima at "" 1350 IvIeV and ...., 1700 MeV. c.:
 
There it is to be noted that small deviations for values of 

masses and widths of the introduced resonances within ~25 MeV are 
quite admitted. .. 
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3•. The electromagnetic decay of the resonances into
 
e+e-- pair
 

To define the leptonic constarits o·f the vector resonances 
from the obtained values of the parameters B , we are in need ofv 
the knowledge of the -magnitudes of the c.onstants 'f'.CoJJj (=<jcu.Pii) 

ar, equivalently, of branching ratios of the modes fi .... e.,,)i (or 
~,+rii ). It ia a pity, these branching ratios are unknown and 
therefore we should include them as indefinite parameters. Neverthe­
less, with some reasonable suppositions for their values one may 

estimate t he- magnitudes of the leptonic constants Sv ' and on this 
basis one may give some conclusions on the naturi of the consid~red 

resonance.s. 

Let the branching ratio of the decay mode of a given resonance 
~~ ( oi,= 1,2, ••• ) into Jr+ll-n° be any value BR. {w, .... 31l')<-;1 

Then from eqs. (4} and (5) we can write 

o ~n _ 
(S4>.r1i =~f.WJi)= ~w.. r1i' BR (C4) 3~1).. (12 ) 

r (ri .... wJi') = rOCei ~<.c.>ii )BR (W 3ii") > ( 13)i 

o .BR-t/2.-( o o 
~~.: = 3ri. W i ..... 3li), ~Pi.- ~f'iwli"/8f~ (14 ) 

r t» ..... e~e-) - rO(p.-. e~e-)/ BR (w. -. 3 li) (15)\ " \ ' "'" ~ 

where the quanti ties wi th upper noughts correspond to BI(,((,)........3 i")= i.
 

The conatarrt ,:. pr. is chosen so that the value of the width 
r C/ (W,""+ 3 li' ) coincides wi th the value of the total width given in 

Table 2. Then the width r<p,.... <.c.>li) Ls calculated by mean a of e q, (4). 
The leptonic constant ~ ~~ and width rO(r..... e,l'e-) are calcula­
ted from eq. (14) at a given value of constant B~.: from Table 2 
and from e q, (5) at just a received value of ,~. ~ respectively. 

To evaluate more or lesa reliably magnitudes of the constants 

and leptonic wid ths, we suppose values of BR (w..·.. 3_) equal to 

0.5 for alI the w .. ("'= 1,2, ••• ) -resonances. Our estimate is seen 
not to be in contradiction with the only experimental measurement 
of the 31\- to 5 jj -modes ra tio equal to abou t uni ty for the 
observed úJ (16BO)-resonance/:/. The results of estimations of 

cons tant s , BR ( f ..... e.,.,li) and leptonic wid ths are presented in 
I'abLe 3. 

As we can see, the evaluated magnitudes of .BR.(PHOO/-f6Z.. --wil) 

within bot4 the models are in agreement with the value 0.22 ~ 0.10 
which can be extracted from data on branching ratios of various 
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decay modes of p (1600/3/. Remark 'a.l so that this ratio is abou t 

three times as small as the analogous BR(w~-f'ii"'J:ii)which we put 
equal to 0.5. The reason for this difference could be that the open 
decay channels are more for p.~ than for ~i (for example, there 
is no decay of w; analogous to f ....... p-+p- ). 

Table 3.	 The estimates for the constants ~d leptonic 
widths of the p. -meson resonances under 1 

l
""

supposition BR (<.vi. ... 311) - 0.5 (i= -4.2•... ) 

Meson 1f'.w"Ji BR(p....wi) 1rl.
GeV-1 

p(770) 16. 6±0. 8 - 4.94!0.10 

Model I 

r(1600) 3.5 0.17 -11.5 

P(2100) 1.5 0.14 33.0 

ModE!Lll 

r (1425) 3.6 0.17 -8.7 

P(1625) 2.4 0.14 7.5 

P(1750) 2.5 0.14 -13.9 

p(2100) 2.3 0.14 25.0 

r(f~-e"t'e-) It 

keY 

7 .02!0. 27 

2.7 

0.4 

4.2 

6.5 

2.0 

0.8 

The leptonic widths of alI the considered resonances we 
have found ere few keV and comparable with the f - meson one. Our 
estimations of these 'values are in a qualitative agreement with 
valuas (1.5 - 3 keV) given by Donnachie et aI. for p(1465) and 
p( 700), respectively/11,12/. In the framework of MIl our estima­

tion for the leptonic width of p(1625) turns out to be unexpectedly 
large (- 6.5 keY). However, this estimation is in a good agreement 
with the experimental one (7.5) ! (1.5) key/19/. " And finally, the leptonic widths of <.v, - resonances ought to 

I 
be nine times as small as the corredponding ones of fi -resonances 
in accordance with our próposition (9). 

1(\ 

4. Interpretations of the resonances 

~ Now we consider interpretations of the introduçed resonanc~s 

on the basis of the ~~ -modelo Let us define th~ velue of the wave 

function of relative motion of <tt and ~ "et the origin" 

3/2­ ( 16) 
. l'fr/o>l == ""'r. /(fi'i~ ) 

(of courae , this velue is the sarne both for W i -and P.. -resonan­
ces. Below we shall treat only the latter). The estimations for these 
values are presented in Table 4. 
are exposed too. 

Table 4. The values of the 
for f(~) -meson 

Therein the ratios 1-p =\ 1Y, <O)/~ (O) I
I'" t'. r 

wave f'unc t í.one "at the origin U 

resonances and their ratios to 
the corresponding value for p -meson 

Meson 
p(770) 

MI 
P(1600) P(2100 ) 

MIl 

fl(1425)~(1625) p(1750)e(2100: 

• 3/2 
'\'(0) ..GeV 

i'ô­

! §:gô; 
1 

0.124 0.065 

1.28 0.67 

0.139 0.195 0.117 0.086 

1.43 2.00 1.21 0.89 

The underlined value in the case of p -meson was taken for the 

calculation of the ratios 'i . 
Within MI the values of" t P(1600)J and X], p (2100)] are near 

unity. Therefore we have alI reasons to consider these resonances 
as if they are radial excitations of the p -meson. Therewithal 
their masses almost conside with the predicted ones/20/. 

A very different situation takes place if the MIl is realized. 
As in the pr-evf.oua case aLl, (four) resonances have /l; ~ i. This 
means none of them is the D-wave orbital excitation of p -meson 
because the latter should have a wave function at the origiri much 
less than unity. However, it is difficult to offer any potential 
(or any other) model which could give such a proximity of three 
subsequent radiâl excitations of p ~meson with such large valu~s of 
the wave function at the origino By this reason one may suspect that 
one of them ia Buperfluous among radial excitations. The most 
suitable resonance for the role of this superfluous state is 

P(1625).	 Then what it could be? • 
Ít ia very naturaly to propose this state to be a q,.q;.}- hybrid 

state (see/21/ and references cited therein). In the framework of 
the bag model the lowest hybrid state with jPc= i-- is constructed 
from a ~~ (0-+ ) - state and gluonic TE ( 1+-) - stete. We propose 
to label this hybrid as p~ (or W:J ) due to i ts I G J PC quantum 
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numbers analogous to p (andw ). An estimation of the mass of 
this hybrid state was made in refs./21/ and turned out to be 1640 MeY 
(at the radius 6.1 Gey-1) that is very close to our P (1625). 

Though the production of the hybrid state in e+e- - collision 
is not yet calculated, we could imagine this process as it is pic­
tured by the left part of the diagram in F~g. 3. The virtual photon 
turns into a q.q. - pairs wi th J pC= '"-- in the colorless state. But 
due to the r-esonance: excitation of TE(1+-)- gluonic field this pair 
just passes into the octet-color state wi th J"Pc= 0-+. Thereby the 
system finds itself in the ~~ ~ (-i --) - hybrid state. 

e~ 

M2 

Fig. 3.	 The producti~n of the 1---hybrid state 
in e+e- - collision and its successive 
decay into two usual rneaon a, 

The decay of this system into two usual mesons is pictured by the 
right part of the diagram in Fig. 3. The g'l uon crea tes a C\-Ci- - pair 
in the lowest available state with J"Pc= ","'- (L= 1 • S'=O) , Le. in 

1 P i - state. Then these pr oduced quark and antiquark recombine 
.with the ini tial enes in to two outgoing usual mesorrs , 'rherewith 
either both of these mesons occur in the ground S 
their relative angular moment L = 1 or one of them 
P - state with the relative angular moment L = O. 
vector hybrid states could be the ~ollowing 

- 1tP - li w, f -i' f -. jj' 1 ') ~ f. \<K • K K • liCl.. , f f o • 
~ 

- Jt D 
w~ -- Ji"p. ~w, KK, KK • .ii"b1 ~f1' kK1.~ .• 
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- state with 
occurs in a 
Some decays of 

It shôuld be noted that the vector hybrid states o~ht to mix 
with nearby lying radial excitations of p/~ - mesons , Thereby 
we cannot expect the existence of hybrids in apure state. However, 
a counting of vector resonances persuades us in the existence of a 
superfluous one and it is plausible that this unusual state is 

hybrid. . • 
The indicated mixing could change the behaviour of wave 

functions at the origin and i t is po asdbLe that p (1625) is picked 
out from the consequence of resonances in MIl for this reason. 

;. 
5. 'ConcLuaf.on 

The ~ypothetical vector hybrid resonances and radial excitations 
of p/~ - mesons should weakly differ from one another when they 
are produced in e+e- - collisions and disintegrate onto usual mesons. 
Thereto theJ 'ought t~ be strongly mixed. (of course, these assertions 
need more quantitative verificatíons by means of theoretical calcu­
lations of these processes for hybrids). 

For these reasons the only primary indication of the eXisten;~ 

of vector hybrid states may come from counting of a full number of 
vector resonances. 

The performed analysis of data on the processes (1) - (3) has 
indicated the presence of three vector resonance excitations of 

p/w - mesons with masses of .1425, 1625 and 1750 MeV and widths 
of about 250-300 MeY. Such concentration of the resonances as wellas 
the estimations of their leptonic widths in few keV are reasons for 
a suspicion that. on the one hand, not alI of them should be radial 
excitations and, on the other hand, none of them should be a D - or­
bital excitation of p/w - mesons. Thus at least one of them is a 
superfluous st~te. It is more plausible to suppose the hybrid nature 
of it. The most suitable candidate for the hybrid is p/w (1625), 
'while two others resonances, f> /W (1425) and p/ (,J (1750) are very 
convenã.errt for roles of radial exc.í tations of p/w - mesoria, It is 
necessary to add that the'hybrid and radial excitation states must 

~~~ ~ 

mix because of their strong interaction and thus there is not 
any resonance in apure hybrid state. 

For further verification of our hypothesis it i8 very important;l to investigate the processes (1) - (3) with a more precision in the 
full c.m. energy region from 1.0 GeV to 2.5 GeV (for the process 
(2) in the kinematically allowed region). It is very important 
also to measure the leptonic widths and branching ratios of different 
decay modes of considered resonances. 
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It is evident that an observatio~ of superfluous states within­
other IDeson sectors, e.g. in the pseudoscalar one, and especially, 
possessing exotic quanturn nurnber J pe = i-+ would give weighty 
arguments for the existence of hybrid states. 
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roaopKOB" A.6. E2-87-522 
0 cneKTpe PaAHanbHWX aoa6y*AeHH~ P-H w-MeaoHoa 
H ao3MOlKHOM C,YUieCTBOBaHHH P- H W - rM6pHAOB g g 

Ha OCHOBe MOAenH AOMHHaHTHOCTH aeKTOPHWX Me30HOB /ABM/ npOH3BeAeH 
COBMeCTHW~ aHanH3 HOBWX 3KcnepHMeHTanbHWX AaHHWX, Kaca~XCA peaK~H~ e+e-+ 
+ w1'0 , 11+11_11° H pacnaAa•T + "·rw1'. noKaaaHo, 4TO HaH6onee cornacoaaHHoe 
HX OnMCaHHe nony4aeTCA, ecnH npeAnOnOlKHTb Cy~eCTBOBaHHe Tpex pe30HaHCOB 
aeKTOPHWX p/w-Me30HOB c MaccaMH oKono 1425, 1625 H 1750 M38. O~eHHBaOTCA 

HX nonHWe WHPHHW H WHPHHW nenTOHHWX pacnaAOB Ha e~e--napy. H3 3THX O~eHOK 
cneAyeT, 4TO HH OAHH H3 3THX pe30HaHCOB He MOlKeT 6WTb op6HTanbHWM 0-COCTO­
AHHeM. 06CYlKAaeTCA _KHTepnpeT~HA 3THX pe30HaHCOB KaK P~AHanbHWX B036yJK­
AeHH~ /1425/ H /1750/ p/w-Me30HOB H KaK qqg- rH6PHAHOrO /1625/ COCTOAHHA. 

Pa6oTa awnonHeHa a fla6opaTOPHH TeopeTH4eCKOH $H3HKH OHftH; 

OpenpiDIT 061.e.ll101eHHOro 101crHTyra R,lleJlHbiX nccneJ~o&atndt. ,ny6Ha 1987 

Govorkov A.B. E2-87-522 
On the Spectrum of Radial Excitations of the p-
and w-Mesons and a Possible Existence of p8- and w8-Hybrldes 

The available data on the reac~lons e+e- + w11°, 11+11-11° In the c.m. 
energy range from 1.0 to 2.2 GeV and on the decay l + 111rw11 are analysed 
simultaneously within the vector dominance model (VDM). The most consis­
tent picture occurs when three resonances pf p an~ w with masses of 
14~5, 1625, and 1750 MeV are-5upposed. The estimations for their total 
and leptonlc widths are given. We conclude that none of them Is the 
D-wave. The Interpretation of 1425 and 1750 as radial excitations of p/w 
and 1625 as a hybrid state Is suggested. 

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