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Abstract

Using generalized vector meson dominance, electro- and photoproducticn

of vector mesons is studied. The unnatural parity exchange paft of OJ?I.Z)
production is estimated to be about one fourth of that of w production.
The off diagonal transition model suggests the suppression of diffractive

P'(I.Z) and (4)’(1.2) production.
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1. Introduction

Since new data on the decay width P(P—*?TY) ig published 1), there
has been much debate on SU{3) symmetry violation for radiative decays
of vector mescns 2), In fact, the analyses of > K¥, w>NY and ¢->TY
decay rates suggest substantial violation of SU(3) symmetry for the VPY
vertex,

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

3}

proposed , on the basis of the generalized vector meson dominance (GVMD},
a2 simple model nf T®coupling 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 €’ around 1.2 GeV with the width of order of

)

400 MeV. There is experimental evidence on the existence of PQI.Z)
but there is so far almost no evidence for uﬂ(!.z). This may be attributed
to the broadness of the w’.

On the other hand, electro- and photoproduction of vector mesons give us,
through the one pion exchange (OPE) amplitude, information on the FVY
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 ecan be used in
discussing SU(3) symmetry violation of PVY couplings, which is indicated
in the radiative decay of vector mesons. Ln this paper, we fecus our attenticn
on unnatural parity exchange, specifically the OPE part of these reactions

and compare the GVMD result with the naive VD prediction. Our caleculation

shows that for (v -production; a sizable deviation from the SU(3) symmetry

-2 .

can be expected from GVMD. Finally, using the "off-diagonal" transition
model 3) for the natural parity exchange part, we estimate Pjand w’
production cross sections.

Based cn the GVMD of ref. 3, the TW°coupling to the two off-shell photons

is expressed effectively as
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The coupling constants are normalized such that
—_— e e = ] V= p and w 2)

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

parent F and () and neglect daughter states. From the decay width of
2
PoaTT and (U ZTC we have ﬁr /4‘]1:, = 2,88 £ 0.9 and

%?,w‘}p =16.5 ¥ 0.8 gev,

The dimensionless coupling constant f,, is determined by the leptonic

2
decay of vector mesouns, e.g., fPATL= 2.1 : 0.4 and ;E_:ATC = 18.3 : 4,1
6}

Assuming the scaling law , we evaluate fv(n);
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where mV:::']TI:(‘T-i-XN) with mvz" =1 GeVZ. In subsequent arguments

we use as the first approximation, up to the first daughter state (n = )
of each vector meson series. In fact, the analyses cof the nucleon form
factors indicate that there is a large contribution te the isescalar nucleon
form factor from the object of mass around 1.2 GeV (:f-), which we identify
as @’ (1.2}, the first Veneziano daughter of w . The author of ref., (7)
also observed that the contribution of & and W'(1.2) cancel at large qz,
indicating

m:‘aw/‘fw + mw%%w' /fw’ ~ 0 )

In the isovector form facter, on the other hand, the contribution of
}’,(1.2), which corresponds to w¥%1.2) turns out to be very small, which

is quite consistent with our estimation

/ e
jﬁ A f— 4 =-01%F
f j‘. ¥ (5)
ot P

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
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The numerical values of various coupling comstants are given in
Table |, where we zlso give values for &, in naive VMD. From this

table, one obtains the resultant PVY coupling constants as

y e , . o
dnp :e%grzo‘io A Ei&u'n:t'gﬁw:“?; Gev' ™

¥ ; .. TG L S e(=l o C"u‘_l (7}
$1Y,W = e(} (}Pf =00 4; |LL . *'Jll.\."lt = \J}jﬁ_":(‘.bz Te

Note that the width r'(w—)-'{l"l) = 880 KeV and SU(3) symmetry gives

gl\’“rc = 0,26 GeV g'c‘wiz =C. 75 Gey ™! (8)

2. Phetoproduction of vector mesons

Let us first discuss photoproduction of vector mesons 8). Denoting the
natural and the unnatural parity exchange part of the production cross
section of YF-&-—V P as CTVN and o"b” respectively, we can summarize the
experimental results as follows 9). (1) O‘PU is negligibly small compared
to 0""9” ]0). (2} o"wu is, on the other hand, substantizl at low energy;
typically o:‘;,-\, (5:3 around E,‘ ~3 GeV, but at high energy 0‘5 decreases
and 0’5 is by one order of magnitude bigger than 0"3 at Ey ~ 9.3 GeV.
(3) 0’5 is well parametrized by diffracticn

ol =4~ %) oAt

¥

with c = 9.3 % 1.7 pbcev’, D= 132 1.2 and & = 6.7 ¥ 0.6 Gav 7,



while (&4} U is well parametrized by OPE, where is deduced
w Twrc

from [T{w->m7¥} = 880 KeV,

Naive VMD predicts

o LA e (9}
o N $1 o

if D-“:'J is saturated by OPE and O"’N( ppo-pp) = o (LUP—*WP)-
OPE is a good approximation insofar as the peripheral region is concerned
and we assume, throughout this paper, the unnatural parity exchange is
saturated by OPE. The latter equality is quite natural if we consider the
Pomeron exchange at high energy. Equation (9) explains why 0'; is so small.
In our GVMD, the value g}WTE = 0,83 is within several percent the same as
the 970)# = 0.78 predicted from [T(W->TY¥) = 880 KeV, {cf. eqs. (7)
and (8) )., Therefore we cannot distinguish the two models by comparing 0":}
with experiment. Both medels reproduce O’w“ successfully. On the other hand,
9”‘]‘( is by a factor 1.3 smaller in our GVMD than %1?.[ given by SU(3) and
the P(W-B-TT‘J) = 880 KeV. We can expect that cr;;J 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, Wevertheless, if it turns out that 0’;" and ﬁ‘jdoes not obey SU(3), it
‘would provide more evidence for 50(3) breaking in the V'PY coupling. The

. . . s : u
conclusien is, of course, subject to the assumption of OPE saturation of 5y .

3. Electroproduction of vector mesons

11) 12)

In the case of electroproduction there is an additional contribution

from the longitudinal photon. General formulae for OPL are given by

13}

Fraas and summarized in the Appendix of ref. 14). We consider here
only q-electroptoduction, because P -production is roughly saturated
by the natural parity exchange and gives no information on PVY couplings.

Indeed, recent experimental data give the upper-bound 15).

SY(Y P — PPIS (04T 006) 0 Ly =P P)

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

Benecke-Diirr form factors 16) and the diffraction term is derived from
photoproduction. The results are shown in Fig. 1 together with the ex—
14)

perimental data . 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 GeVz, the ratio of the two curves for the OPE
part is ~s1.4. However, as the diffractive cross section dominates at

large Qz, the difference of the two models is smeared out in ht = ‘(]'U-rSN
(see Fig. 1). In this respect an experiment which separates gV from N
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 QZ,

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

stress the importance of separating Q’Uand G N in comparing varicus models.
4. W and P"prcducticn

Finally we estimate the cross section o (¥p '}“'/P) and 3" (‘”:»_;_ VP)



z

predicted in our GVMD. For this purpose cne needs several additional Here we fix the parameters 19 and CN to be P = % and Oy = (%ﬁ] = _;*
assumptions for the natural parity exchange amplitudes in both reactions. {independent of N), For our purpose of obtaining a rough qualitative
We folleow the GVMD with "off diagonazl" transitions" of ref, (5}, This estimate for the natural parity exchange cross sections for 6Fa=wP
model includes contributions from a series of vector mesons VN and intro- and { P - P’F‘ we can further simplify this model: we take only the
duces, in addition to the elastic amplitudes VNJP-y-VN‘P , the "off-dia- first three states N = 0,1,2, corresponding to P,F', f’“and W, w L w”
gonal transitions" VN)PH*VM)P i.e. diffraction dissociation of vector respectively.
mesons. For the motivation of this procedure as well as for all details
we refer to ref, (5) 17). Here we want only to list the main assumptions. Then after a simple calculation we find that the natural parity exchange
These are: ' cross section for photoproduction of P’ or w is strongly suppressed:
, g Uy N ¥ }
(1} the same mass spectrum of vector mesons as above, MKZIN = M‘»zir, (1 +AN), GUN({'F > i ::_w' }P) ~ ( 2¢ ™ 100)5 (“) #;i w ‘P)
and the same mass dependence, eq.. {2}, for the photon-vector meson
couplings fv(n)With alternating sign. This is clearly a consequence of including diffractive dissociation of
(2} The elastic amplitudes ES)T(VN P_>,V~P) = T( VcP-rV:P) are the same vector mesons and of the alternative sign assumption for the \J'—VN couplings.
for all vector mesons VN (independent of the vector meson mass). 0f course, the numerical value of the suppression factor in the above equation
{3) For the transition between neighbouring vector mesons Yy and Vnti cannot be taken too seriocusly, The qualitative result of strong suppression
We assume of diffractive LU’— and P’—photoproduction does, however, not depend

crucially on the detailed assumptions (i.e. the values of CN and ’P) of

TP~V P)

C N, the moedel discussed. This would explain why it is so hard at high energy
; . .,
to produce p’and w'. In contrast, P'(IBOO) and W (1600) production is

estimated in this model as
C, is a function of the masses MN and MNH'

N
. e . v P \ P 5
(4) For the mass dependence of diffraction dissociation we take a simple aV (3’P“—> {:}“} P) ~ 83 (?P - w P)
power law
2ptl
T(Vc P_} \}N P) = (% ) )(-cr N=2,3,.-- that is, we can expect a sizable diffractive production of f)"and w”.
N N

T(Vep > V4P)



Note that in photoproduction experiments, }(F* PfMM and

VP—= Prtr~ 3+ MM . 8 resonance state of mass 1250 MeV has been
seen 19). The production cross section is as big as 1~2 ,ub and the
dominant decay mode is into (w{L% . The spin and parity of this state
is either JP = 1" or 1, corresponding te B or P’, and both assignments
are compatible with the data. In view of the smallness of M > P/P)
predicted in cur model, we regard this object as JP = 1* 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 Y reaction. The latter is regarded as

/
P(1.2). (See Leith in ref, 4). It is therefore crucial in the "off

/
diagonal transition' model that the former object is nat P(1.2).

’ 3
As to the OPE part of w’and f one notices from Table 1 that (Sf,’/ﬂ‘,)«.o,oe‘
P U .
whereas (glwf/gw,)&,\, ¢4 - Therefore G"F’(and ;) is expected to be
quite small. For w’ -production, heowever, one has considerable contributions
from OPE so that at not too high energies it should be possible tc see w’ .
Expected &’ production cross secticns are shown in Fig. 2. The dominant

decay wode of w’ is W'—=fT (e 3w ) 3

The results do not change nmuch for Q2 # C s0 that in electroproduction,

the diffractive contributions is small and the OPE part of the w’ production
cross section is about one thirdof the OPE part of the w production cross
section,

5. Comments

Finally several comments are in order. (1) cne obtains the ratio f;“w/ ‘)‘P

at Q2 = 0 from the photoproduction experiment

0‘-“) ’}LuN ﬁ":du
— v (1) =27
O O‘PN = Y

This ratic decreases as Q2 inereases in both GYMD and naive VMD, since,

as is seen from Fig. I, O‘L:_,]G‘a}) is a decreasing function of Qz. Experimental
data show14) A flat or rather a slightly increasing behaviour of (T.,.;/!i‘Pwith
increasing energy. Possibly this discrepaney could for the peripheral region
be due to the Benecke-Diirr form factors we used. By these form factors

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

Q2 damps the OPE cross secticon,

(2) If the narrow vector resonance recently discovered 20} around 1100 MeV
is isoscalar, we can alternatively use it in place of w’(l.Z), because what
is essential in our GVMD is the existence of an isoscalar object arcund

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

further informaticn we cannot go into detail at this point,

(3} An analytic model of piom coupling to the two virtual photons is proposed

21)

in terms of the hypergeometric function . This model is completely within
the framework of SU(3) symmetry and cannot explain the small width {7( Pt )
Nevertheless it is interesting to compare the model with ours. Pulling out
c:hw’;(, and f}ﬁ‘,’n in both models and comparing G e /gf’lpﬁ and

Qj‘_,’n: /(r"f‘lff’ﬂ , we find that our coupling is reproduced by setting X= 2

for the (v series and =1 for the ¢ series, while ?=% in the original



model. Here, 7 is a fixed parameter corresponding to quark-pseudoscalar
meson trajectories appearing in ref., (21). The fact that we need two different
values of ¥ for the g series and the J series is the mere reflection of

the SU(3) breaking nature of cur GVMD, For these values of Y )

1 1 s o e s
%.‘ = y ce—————— and Yy = g ———————— which indicates
wr gf’u,ﬁ: 37”69(/{? qﬁ-’ﬁ gf‘tbﬂl 2]“(29(/ Fo
that SU(3) is broken by a factor giwﬁ/ggwﬁ :;2/3 but in an opposite

direction to what the experimental data show,

(4) We have shown in this paper that cur GVMD is consistent with the present
experimental data on (y and P photo~ and electroproduction and that to
distinguish various models a very accurate experiment which separates natural
and unnatural parity exchange is required. We have also shown that the § /

and y/ diffractive production would be quite small while P'rand wdiffractive

production can be as big as one forth of f and (o production.

(5) The experiment which allows us to separate VY from c?N is highly desirable
in comparing the varicus models for OPE amplitude and vef 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

SC(3) limit

v gy Iy M -fva’/tm 5:'/411 342/411

w 18,3 49,6 46,7 19.5 18.3

Table 1. Various coupling constants in our model. In the last

column we give the values derived from r?u:afﬁj) and SU(3).

Figure captions

Fig. 1: Q2 dependence of (T(inAg» w P) as predicted by the naive

VML (full curves) and by GVMD (dashed curves) for 2.0<W<2,8 GeV

and [t!( 0.5 GeVz. The experimental data are from Ref, 14,
The dashed—dotred line is the diffractive cross section

fT“({f"ih.cL P , common to both models.

Fig. Z: Q2 dependence of 5‘(!yf“e’lclp) as predicted by the GVMD of

Ref. 3 for 2.5C¢W{ 3.0 GeV and |tf{< 0.5 GeVQ.
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