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The recent e+e- colliding beam experiments and the accumulation of 

a large amount of data on vector meson photoproductian have attracted 

particular interest to different tests of the models based on the 

vector-dominance hypothesis (VDM). This hypothesis seems to be in 

reasonable agreement with the majority ,of exper1mental results[l,2j. 

However, the model of Gall-Mann, Sharp and Wagner ( GSW) [J], based on 

VDM,was found to be in drastic disagreement with experimental data[2 ,~ • 

In what follows we consider the off-mas&-shell corrections to the 

GSW-model which essentially remove this disagreement. With this aim we 

introduce the form-factor for the Wf7T' vertex F(~ ·~) 1 F(1,i) si. 
We do not consider the form-factors for f...,.¥ and W-+'1( transitions 

because the ~~.¥ form-factor seems to be constant(l] in the interval 
!t 4 

0 ~ p1 ~ rtlp and· we assume that the same is true for the w...,. '( form-

-factor. The role af the ~ form-factor may be estimated by the 

use of the Breit-Wigmer approximation,for in the decayw ~ f1r ~ 3v 

the f meson is essentially on the mass shell ( we shall prove that 
1 1) p,~m, .The corresponding corrections are rather small and can be neglected. 

Unier the assumptions stated above we first estimate phenomenologically 

the dependence of f(x, ~) on X-~ 1 ~ = f!~ employing the improved 
w ,.,., 

GSW-model. Then we develop a simple dynamical model in which F may be 

calculated for arbitrary x=~· 

Following the notations of Gswf~, we find 

:z. ~ ( )r r( w ~ 3rr) = rrtw >~errrr ( f..,r, ~) rnw- 3m" 3.5'b F.t(i !::1) 
3 4Tr Ltlf tnrj (m: -4 m:Y ../3 1 

(1) 

r (w _,:JT¥) = mw O((f~r'~~' mz.)('t''J..)-!(m~-m~)3 F~(1 o) 
3 Lf1r ... 41f 3~m.1 m: ' <2

) 

r (lfo-+2¥)- m,r O(z.( f~v~~'m:) (li.)-J..(t~)-i F\o,o\ 
(,L( 47T 4/f """ '). (J) 
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Here F~0,~) is used for a oertain mean value of the square of the 

form-faotor f ( 1, !I) • We now assume for F(x, ~) the simplest linear 

symmetric dependence 

f(x,~)=F(o,o)[i+::\(x+~)] 1 0~X~.i, O'-~~.i. (4) 

TO estimate \ we use two sets of experimental data~ 

l) t~., =0.53±0.04 j ¥w/qrr=4.69 ~~-~1 j 'lr~"/4rr =~(2.41±0,U)) [i.l 

2) i,~Tr=O.Si±O.D3j YJ/1,,.=3.7-±0.'1- j ¥i~'J1,zr =f(2.10±0.H) [.2~ 
The value of ¥~ is consistent with the vector dominance in photo

production p~ocesses and in the ~ form-factor ( It should be stressed, 

however, that from the world average [4] value for l(s>~~) we would 

find somewhat different numbers for quantities considered in what 

follows). 

f(w~rrr) r(w~~IT) 
ComiSring r(7T- .2 y) , r(1r~:l.a) predicted by Eqs. (1)-(J) with the 

experimental values, we obtain for data .f) : 

F2 (1, 0) 
F.t(f,lf) = 3.08 ± 0.80 Fz(o,o) = 2.05±0.60 1 (5a)j (58). Fz(o, O) . 

and for data .2.): 

ec1,o) _ + . F.t(1,M) -r (6(J) F~~ ) -2.60-0.60, (6o..)1 =4.23-0.80, 
o,o F'(~ o) 

where we used experimental results[i,l,~ 

r (w ~ 311") = (11 .±" 1. 2) MeVj I (w-?>-,ry) =Q. 15±0.1 5)HcVj r(1T~2;r) =(7.~ ±1,S)eV: 

From Eq. (5a) we extract A =. A c~ = ( o. ~ 3 ± 0, l.i.) ' 

and from Eq. (6a) we find A=/\1~= (0,61 ±0.1.0). To use Eqs. (5b), (6b) 

we should find F ~ (1, ~) • It can be shown that 

F.f.(1, ~) = F.t(o,oJ(1+1;\)"t [i- 1:~A £] (7) 
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where E ~ 0 . .1. • So we se& that fA( 1 dfJ ~ F~ (f, -t) 
" 2 ( )" assumption p, "'- m.P is verified. Substituting Eq. 7 int 

(6) we obtain ~<•£ =(0,/ff :t 0,13) , 1\<f = (0.59 ± 0.12) 

are consistent with each other ( within experimental errors) 

Considering that one parameter A was determined from twc 

dent quantities r(w~TrY)/r(Tr-" 2lf) and r(w-7- ~1r) /r(lr~~, we 

that our simple phenomenological model works surprisingly w 
~""' o.,. 

The dependence of F(x,~) on x and y may be s1gnifican1 

prooesses. In this regard the decay 7f 0 -?>e-te- is rather in1 

Its partial width may be estimated in the simple model ( Fii 
r(Jro~ete-) 

For F (X, ~) ~ F co, o) the branching ratio r(rro ~ :I lf) was j 

be of the order (5+6).10-s. By use of the form-factor F(x,~ 

this pt'ediction may become (Jf5) times bigger. Similarly, l 

vould diminish the prediction of the simpl~ vector-dominate( 

model for f ~'ITT' ( See Fig. lb). These effects are worth of 

attention and will be considered in another paper. 

Consider now the simple dynamical model, in which F(x,: 

calculated. Let (..() y7r interaction be described by the La1 

' ;f"'fll' = f"'f~~' €1..," 6 'O"w"'d:- V" · 1r • The simplest way to f: 

is the calculation of the third order ( in -5w!lr' ) perturb1 

diagram for WS'Tr vertex. But, the interaction is unreno1'1 

and the res.UJ.t would depend on a cut-off parameter, Bes:1des 

coupling is not particularly weak, higher orders must be tw 

account. For these reasons we estimated F(x,y) calculating · 

the infinite set of the "ladder'!..ciiagrams ( Fig.2) • Let us 4 

vertex by. 

r ~;" (p ... , PP) = Jwrll' e:'WA 6' p~ p(;' F(~ .. 'p;L) ... ...,f 
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where t:~O.i. • So we sea- that f~(1,:f.) ~ F~(f,-t) and our 

assumption pf ~ rn; is verified. Substituting Eq. (7) into Eqs. (5), 
'l (tl / 'l (.Q ( ':\ <i) 

(6) we obt.ain '' £=\O,Iif-:1::0,13) , tlt = 0.59±0.12) • All ''-q,g 

are consistent with each other ( within experimental errors) • 

Considering that one parameter A was determined from two indepen

dent quantities r(W...,.lf'¥')/r(lr....-:l.iY) and r(w -7' ~11") /r(1f~.zt), we may infer 

that our simple phenomenological model works surprisingly well and gives 

~"' 0.5. 

The dependeno~ of F(~,~) on x and y may be significant in other 

processes. In this regard the decay 7f 0 -?>e+e- is rather interesting. 

Its partial width may be estimated in the simple model ( Fig.la) . 
r(7r0~etd [6] 

For F(.x,~)~ FC010) the branching ratio r(rro~ .21f) was found to 

be of the order (5+6).10-s. By use of the form-faotor F(x,y) from (4) 

this prediction may become (Jf5) times bigger. Similarly, F(x,y) 

would diminish the prediction of the simple vector-dominated 

model for f~'ITr ( See Fig. lb). These effects are worth of particular 

attention and will be considered in another paper. 

Consider now the simple dynamical model, in which F(x,y) my be 

calculated. Let w j'11" interaction be described by the Lagrangian 

iwrtr = f,.,frr €,.,.,Ae 'O"w"'d~ ~· · Jr • The simplest way to find F(x,y) 

is the calculation of the third order ( in -f..,!,. ) perturbation theor,y 

diagram for W~lr vertex. But, the interaction is unrenormalizable 

and the re s.UJ.t would depend on a out-off parameter, Besides, as the 

coupling is not particularly weak, higher orders must be taken into 

account. For these reasons we estimated F(x,y) calculating the sum of 

the infinite set of the "ladder'!..diagrams ( Fig.2) • Let us denote the 
vertex by 

r~;IT (pw,pp) = JWfll" £,."~6' p~ p(~ F(~ .. } r:z) 
... mf 

~ 
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F(x,y) satisf:i.es the lillear integral equation(Fig.2)( twr~r is 

displayed on Fig.2 by the circle). To make the calculations as simple 

as possible, we set pw ~ p ... + P.v ~ 0 J Yt'11r.,.. 0 ( sott pions approxi-
for 

mation). Then the equation v F(x) = F(x,x) coillcides with that 

illvestigated ill ref. [5) • By use of modified perturbation theori
5J 2 

the expansion of F(x) ill a series of pow.ers of f = .,i tL;W m~ ~ 0. 55 

and of ~08 f may be :found. Up to the terms of the order '""' f2. we 

obtain F(t,t)/F(o,o)=l.2J. This approximation works only if t~ O.J. For 

f ,_. 0.5 the crude estimation of higher order gives f(1,i)/F(o,o)Zl.J. So 

for the linear extrapolation (4) we have A= (0.12 of 0.15). ( The 

details of the calculations will be published ill a subsequent 

paper). our simple dynamical model is therefore qualitatively consistent 

with experiment. For the quantitative test of the theory the 

non-ladder diagrams with p1r i= 0 should be considered. 

In conclusion we would like to stress that A is strongly 
[1,1) 

dependent on r(1T"-'>-.2lS') • 

r(lf 0-"2~)=(f1 ~~-~)ev 

In fact, if we take the new value 

we will obtaill: 'A'~= (0.18:!:. 0.18), 

1 (1) AB =(0.2Jt o.11) 
'l (%) '\ (l) 
t\ Cl. = (o.J2tl1.17), 1\, = (o.n :!: o.~ 1n 

close agreement with our simplified theory. 

The useful discussions with B.Arbuzov, A.Efremov, and S.Geras1mov 

are kindly acknowledged. 
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