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1. Introduction 

Since new data on the decay width rlf.....:,..'TC/) is published I), there 

has been much debate on SU(3) symmetry violation for radiative decays 

of vector mesons Z) In fact, the analyses of f'_,_ Jft, U>-?TT."f and ~...;..1rY 

decay rates suggest substantial violation of SU(3) symmetry for the VPY 

vertex, 

As a possible solution of this problem, one of the present authors 

proposed 3), on the basis of the generalized vector meson dominance (GVMD), 

a simple model of ?tDcoupling to the two virtual photons. The radiative 

decay widths of vector mesons predicted in this model are in good agreement 

with the new data, One of the characteristics of the model is that it 

required the existence of G0 1 around 1.2 GeV with the width of order of 

400 MeV. There is experimental evidence 
4

) on the existence of 9
1
(1,2) 

but there is so far almost no evidence for W 1
( 1, 2), This may be attributed 

to the broadness of the ~1 • 

On the other hand, electro- and photoproduction of vector mesons give us, 

through the one pion exchange (OPE) amplitude, information on the PVY 

coupling constants, which are just the coupling constants that appear in 

radiative decays of vector mesons, and on the off-shell dependence of the 

virtual photon form factors. Therefore, these reactions can be used in 

discussing SU(3) synnnetry violation of PV'{ couplings, which is indicated 

in the radiative decay of vector mesons, In this paper, we focus our attention 

on unnatural parity exchange, specifically the OPE part of these reactions 

and compare the GVMD result with the naive VMD predicuion. Our calculation 

shows that for U) -production, a sizable deviation from the SU(3) symmetry 
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can be expected from GVMD. Finally, using the 11 off-diagonal 11 transition 

modelS) for the natural parity exchange part, we estimate p'and U-'
1 

production cross sections. 

Based on the GVMD of ref. 3, the Tt t' coupling to the two off-shell photons 

is expressed effectively as 

<n:"/'t(f-) i C&"J > = e'~ 'C...-<P1b £«C1')f~ t¥('1, l ~"' 
z. ~ ~ L • {cJ£ '1111 ~ ~- 1111"' 1 [ ~~~ w~ . ~., 1!1..,. t , 

fp »(-$,. +!;, mt _,..._+--:I :f., ro.:-r + .f..r W:-1>1 -1 o) 

+ "" ~'t)} 

The coupling constants are normalized such that 

~y 'Jv/ 
fv' +·-··- =i v~ f ... <~. w (2) 

fv + 

The naive VMD is the special case of eq. ( 1). in which we use only the 

parent f' and Wand neglect daughter states. From the decay width of 

2. 
= 2.88.:!: 0.9 and P-- 2rt: and UJ~3TL we have \lr /4Tr:. 

'J j..u~p = 16.5 ~ 0.8 GeV, 

The dimensionless coupling constant fy is determined by the leptonic 

decay of vector mesons, e.g., fr2A1t= 2.1.:!: 0.4 and f:j4n: = 18.3.:!: 4.1. 

Assuming the scaling law 6), we evaluate f (n); 
v 

2. 

f VO,} " 
f/ 
~ 

- i 

lTlv 
(3) 
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2 2( ) "-where mv =111v -1 + )...N with )Jn,. "' 

" 
Gev

2
, In subsequent arguments 

we use as the first approximation, up to the first daughter state (n = I) 

of each vector meson series. In fact, the analyses of the nucleon form 

factors indicate that there is a large contribution to the isoscalar nucleon 

form factor from the object of mass around 1.2 GeV (f), which we identify 

as W 1 (1.2), the first Veneziano daughter of W. The author of ref. (7) 

also observed that the contribution of W and 00
1

( I. 2) cancel at large q
2

, 

indicating 

lll;~.,/fw i- 'ln..,~~w' /f.,,~ 0 

In the isovector form factor, on the other hand, the contribution of 

}"
1(1,2), which corresponds to u.___•'(l,2) turns out to be very small, which 

is quite consistent with our estimation 

.1r.' "' 
fr' 

1- s. -
.f-p - - o,11-

These properties of the form factors suggest that in the VMD calculation, 

we should include the effect of at least the first daughter state. 

From eqs. (2-5) we obtain 

2 

2- f, 1llw1 9w = 
ll!"- - m.., V' 

-Yrlu:. fl'lw' .fw 2 'J w' -: 
m;-~ -1l1w 

(4) 

(5) 

(6) 
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The numerical values of various coupling constants are given in 

Table I, where we also give values for gv in naive VMD. From this 

table, one obtains the resultant PVY coupling constants as 

~J~~ rc. "~~ ~0.20 ,,'!·· 
' 

c1 =eLl'j =<.f3Ciev·' dttnr ,1, w 

(!' ' etjCJP,-=C.l4.f(j-L(~' ~i(L.~;L 
) " ,-1 (7) 

e'j1.·=c.52 C-rtli 1 nr 

Note that the width r( w--+1T1) = 880 KeV and SU(J) symmetry gives 

9urr 
-I 

C,2.6Cre> 

2. Photoproduction of vector mesons 

g t•· II 
_, ' -I 

c. :rs erd 

Let us first discuss photoproduction of vector mesons 
8

) Denoting the 

natural and the unnatural parity exchange part of the production cross 

section of Yp _.,... V pas cryU and a-~ respectively, we can summarize the 

experimental results as follows g), (!) CJpi.J is negligibly small compared 

N 10) C l u . h h . to O""f, • 2 (j"v.J 1s, on t e ot er hand, substant1al at low energy; 

typically O:"J _.....,o-N around E1- v 3 GeV, but at high energy a-V decreases 
uJ u> w 

and o-~ is by one order of magnitude bigger than ()'"~ at E-, ""'V' 9.3 GeV. 

(3) (j ~ is well parametrized by diffraction 

with c 

a-" 
'"' 

= c c1 ... ~ ) eAt 
' 

+ '"' 2 9.3- 1.7 }J.--rGeV, D !.3! !.2 and A 
+ -2 

6.7- 0.6 GeV , 

(B) 
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while (4) cj'~ is well parametrized by OPE, where 

from f"(w-,..1f1) = 880 KeV. 

Naive VMD predicts 

o-u p 

cr-N 
1 

1 
~81 

oc" ______<£_ 
e-N w 

ca.runc is deduced 

if O"~i• .aturated by OPE and o-N( f~·-+fl') = cr-H (wp-wp). 

OPE is a good approximation insofar as the peripheral region is concerned 

and we assume, t~roughout this paper, the unnatural parity exchange is 

saturated by OPE. The latter equality is quite natural if we consider the 

(9) 

Pomeron exchange at high energy. Equation (9) explains why O""U is so small. 
f 

In our GVMD, the value ~JQ/n:: = 0,83 is within several percent the same as 

the 9t&U7C "' 0. 78 predicted from rcw~7r{) = 880 KeV, (cf, eqs. (7) 

and (8) ) , Therefore we cannot distinguish the two models by comparing (J~ 

with experiment, Both models reproduce ()"~ successfully. On the other hand, 

~h f'R is by a factor I. 3 smaller in our GVMD than S}-1f-1{ given by SU(J) and 

the r(W·+1Tt) = 880_KeV, We can expect that 0"~ is by a factor......, 1.7 

smaller than in the naive VMD. But as is mentioned above, O"'pu itself is 

so small that it is extremely difficult to detect the effect of this factor 

1.7. Nevertheless, if it turns out that CT~ and a-~does not obey SU(J), it 

would provide more evidence for SU(J) breaking in the VP~ coupling. The 

conclusion is, of course, subject to the assumption of OPE saturation oft)~, 

3, Electroproduction of vector mesons 

I h f d ' II) 12 ) h ' dd' ' 1 'b ' n t e case o electropro uct1on t ere l.S an a 1t1ona contr1 utJ.on 
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from the longitudinal photon. General formulae for OPE are given by 

Fraas IJ) and summarized in the Appendix of ref. 14). We consider here 

only w-electroproduction, because p -production is roughly saturated 

by the natural parity exchange and gives no information on PVY couplings. 

Indeed, recent experimental data give 
15) 

the upper-bound 

cr-"CYvP ~ P'P)~ (o.Hxo.oc)llwtCt<f•--P\'). 

In the OPE term of W -electroproduction we use, as in ref, 14) the 

Benecke-DUrr form factors 16) and the diffraction term is derived from 

photoproduction, The results are shown in Fig, I together with the ex­

perimental data 14) The solid line corresponds to the naive VMD and the 

dashed line corresponds to our GVMD. GVMD predicts a smaller OPE cross 

section, e.g. at Q2 
= 1.0 Gev 2 , the ratio of the two curves for the OPE 

part is 'V 1.4. However, as the diffractive cross section dominates at 

2 . d . . L) ., 
large Q , the d1fference of the two mo els J.s smeared out 1n O""tvt =a- +tr"' 

(see Fig. I), In this respect an experiment which separates c:rL.I from CJN 

is desirable. At the present stage where we have no such experimental data, 

it is not possible to check the model. Again, if the OPE cross section is 

substantially smaller than the naive VMD, especially at not too small Q2
, 

it wi 11 be an indication of SU(3) symmetry breaking. We would like to 

stress the importance of separating ('J'LI and ()N in comparing various models. 

4, W 'and p1 production 

Finally we estimate the cross section CJ('tp ---7--u.."p) and ') (jf----?>-f'p) 
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predicted in our GVND, For this purpose one needs several additional 

assumptions for the natural parity exchange ar.1plitudes in both reactions. 

We follow the GVMD with "off diagonal" transitions" of ref. (5), This 

model includes contributions from a series of vector mesons VN and intro­

duces, in addition to the elastic amplitudes vNf+VN'P' the "off-dia­

gonal transitions" vNf-+-vM'jJ i.e .. diffraction dissociation of vector 

mesons. For the motivation of this procedure as well as for all details 

we refer to ref. (5) I?). Here we want only to list the main assumptions. 

These are: 

(I) the same mass spectrum of vector mesons as 2 
above, MV.., >So (1 +).N), 

and the same mass dependence, eq. (2), for the photon-vector meson 

couplings fV(JIJwith alternating sign. 

(2) The elastic amplitudes IB)T(V.., P-+VrJP)'= T( VcP?>-VcP)are the same 

for all vector mesons VN (independent of the vector meson mass). 

(3) For the transition between neighbouring vector mesons VN and VN+I 

we assume 

T(V.p--..V,,. p) 
T(V,p_,._yN p) 

= ( N 

CN is a function of the masses ~ and ~+ 1, 

(4) For the mass dependence of diffraction dissociation we take a simple 

power law 

T(V, p-;. IJN p) 

TCVd>+V1Pl 
~~~ )ottl he N:2.,3,---
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. I l'n<> )
2 

1 Here we flx the parameters r and CN to be iJ "' 2 and CN = ( 1fj
1 

-o::. 3 

(independent of N). For our purpose of obtaining a rough qualitative 

estimate for the natural parity exchange cross sections for 6 f-?"' u..·.'p 

and '{ f' _,.. f/~ we can further simplify this model: we take only the 

" first three states N ""0,1,2, corresponding to P,f', rand W,u./,.U)" 

respectively. 

Then after a simple calculation we find that the natural parity exchange 

cross section for photoproduction of p' or u:/ is strongly suppressed: 

a-N ( 1 r + j ~,' \1' h ( 2.', ~ 1 ~o l sN( t P -7'- l ~It J 

This is clearly a consequence of including diffractive dissociation of 

vector mesons and of the alternative sign assumption for the '/-VN couplings. 

Of course, the numerical value of the suppression factor in the above equation 

cannot be taken too seriously. The qualitative result of strong suppression 

of diffractive W
1
- and p1-photoproduction does. however, not depend 

cr:.~cially on the detailed assumptions (i.e. the values of CN and 1') of 

the model discussed. This would explain why it is so hard at high energy 

I I ' 1 11 
to produce p and W • In contrast, f' (1600) and W (1600) production is 

estimated in this model as 

c-Nu~~~~:~rl ~ ~a-NUr+\~\rl 

that is, we can expect a sizable diffractive production of p'' and ()..' 11
, 
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Note that in photoproduction experiments. i r ?- f -t }.1 H and 

t p_... PlL'JL- +MfVI a resonance state of mass 1250 MeV has been 

seen 
19

) The production cross section is as big as 1·"'2 fb and the 

dominant decay mode is into Wf[" , The spin and parity of this state 

• . h p + - . ..,, d b . 
~s e1t er J = I or I , correspond1ng to B or r , an oth ass1gnments 

are compatible with the data. In view of the smallness of o--N[1 f'--7-- P,..t') 

predicted in our model, we regard this object as Jp = I+ B meson and we 

don't identify it with the object of mass 1250 MeV, which is found as an 

enhancement in the e + e-~ W 7r."' reaction. The latter is regarded as 

I p (1.2). (See Leith in ref. 4). It is therefore crucial in the '1off 

diagonal transition11 model that the former object is not 
I 

p(1.2). 

I' • ("'/")2 As to the OPE part of W and p one notlces from Table 1 that <:Jf' dp -..O,C'o{; 

whereas 
2 u 

(~w' /@u;)""' o.4. . Therefore (t p' (and O""t"') is expected to be 

quite small. For W 1 -production, however, one has considerable contributions 

from OPE so that at not too high energies it should be possible to see u>1
• 

Expected W 1 production cross sections are shown in Fig, 2, The dominant 

decay mode of wl is tt/__.;;;...f'lf ( M- 3 Tt) J) 

The results do not change much for Q2 I 0 so that in electroproduction, 

the diffractive contributions is small and the OPE part of the uJ 1 production 

cross section is about one third of the OPE part of the W production cross 

section. 

5. Comments 

Finally several comments are in order. (I) one obtains the ratio r;-...:,/'5'1-" 
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at q2 
c 0 from the photoproduction experiment 

""' Clp "' 
:;-j 
Cl'N p 

( 1 + 
rr«)v 

&t(_pJ 
) ~ 0, 2 7-

This ratio decreases as q2 
increases in both GVMD and naive VMD, since, 

as is seen from Fig. I, ('t ~ ftj ~ is a decreasing function of Q2
. Experimental 

data show H) a. flat or rather a slightly increasing behaviour of ltwj')'f'with 

increasing energy. Possibly this discrepancy could for the peripheral region 

be due to the Benecke-Dlirr form factors we used. By these form factors 

a rather strong additional Q2
-dependence is introduced which with increasing 

q2 damps the OPE cross section, 

(2) If the narrow vector resonance recently discovered 
20

) around 1100 NeV 

is isoscalar, we can alternatively use it in place of W
1
(l.2), because what 

is essential in our GVMD is the existence of an isoscalar object around 

1.2 GeV, which contributes strongly to the isoscalar form factor. Without 

further information we cannot go into detail at this point, 

(3) An analytic model of pion coupling to the two virtual photons is proposed 

in terms of the hypergeometric function 
21

), This model is completely within 

the framework of SU(J) symmetry and cannot explain the small width /(P--rrrt) 

Nevertheless it is interesting to compare the model with ours, Pulling out 

glt/n: .. and ~Jtr'n. in both models and comparing 9·t( ... :iL /g.ttL•rl and 

CJ tr'tt /9 tPrr , we find that our coupling is reproduced by setting l = 2 

for the (;) series and l= 1 for the p series, while 1 =tin the original 
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model. Here, f is a fixed parameter corresponding to quark-pseudoscalar 

meson trajectories appearing in ref. (21). The fact that we need two different 

values of Y for the W series and the f series is the mere reflection of 

the SU(3) breaking nature of our GVMD. For these values of Y 
~IV It -=~f'urrr .;o_

1 /f and ~J-tyrr= fhu..·IL, ! 1 -f· which indicates 
31».., "' e 1Y1, d. "' 

that SU(3) is broken by a factor 9""tu:rr/3~}H-1f -= 2/3 but in an opposite 

direction to what the experimental data show. 

(4) We have shown in this paper that our GVMD is consistent with the present 

experimental data on w and p photo- and electroproduction and that to 

distinguish various models a very accurate experiment which separates natural 

and unnatural patity exchange is required. We have also shown that the f' 1 

and w' diffractive production would be quite small while f'
11 

and W
11
diffractive 

production can be as big as one forth of p and W production. 

(5) The experiment which allows us to separate crLl from (')N is highly desirable 

in comparing the various models for OPE amplitude and VPY couplings, Experiments 

which definitely determine the spin and parity of the object at 1250 MeV ob-

served in photoproduction experiments would also be desirable, 
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Table 1 

SU(J) limit 

v -1/ /lrn ,o 0/ 
"dv 4JL -f) An 'Jv~ /4JI I ~;';,." 

uJ 18.3 49.6 46.7 \9.5 

I 
18.3 

p 2. 1 2.88 5.5 0. 16 2. 1 

Table I. Various coupling constants in our model. In the last 

column we give the values derivec! from r(v:7"-Tf't) and SU(J). 

Figure captions 

Fig. I: 

Fig. 2: 

Q
2 dependence of ()('{ 1•p....;. u.: P) as predicted by the naive 

VMD {full curves) and by GVMD (de.shed curves) for 2.0 ( \<l < 2, 8 GeV 

and !d<. 0.5 GeV 2 . The experimental data are frore Ref, 14, 

The dashed-dotted line is the diffractive cross section 

.-,.N (t' /' ~ Lc p) , corrmon to both models. 

Q
2 dependence of ')({ 1·('·?-u.-'p) as predicted by the GVMD of 

Ref. 3 for 2.5'\ \-1( 3.0 GeV and Jtl < 0.5 CeV
2

, 
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