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Nucleon Strangeness Content through Vector Meson Dominance
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It is demonstrated thaV (7, e* e~ )N measurements will provide new information about the nucleon
timelike form factor in thep meson region including the value of tigeV couplinggsny. Using vector
meson dominancey (7, e* e~ )N calculations reveal a 3 order of magnitude enhancement frongthe
resonance coupled to the nucleon compared to the expected backgsopratiuction from thep 7 ¢
contribution throughp exchange. The effect fromdN coupling in the nucleon form factors yields
a novel experimental signature for OZI (Okubo-Zweig-lizuka) violation and the related strangeness
content of the nucleon. [S0031-9007(96)00845-9]

PACS numbers: 25.80.Hp, 12.40.Vv, 13.60.—r, 14.20.Dh

Dilepton production is becoming widely recognized asfor hidden strangeness in the nucleon, see Ref. [4]. The
an effective means for probing hadronic structure. In thisstrong momentum and channel dependence observed in
Letter we report calculations for the(7,e*e )N reac- OZI violations demonstrate the complexity of the hidden
tion which document a dramatic, novel effect. In particu-strangeness problem and suggest the need for comple-
lar, assuming only the validity of vector meson dominancenentary and alternative experimental investigations. In
(VMD), we predict 3 order of magnitude cross sectionthis respect it is noteworthy that electromagnetic pro-
enhancements for virtual photon four-momentum neaduction experiments will soon be conducted at CEBAF.
the low-lying vector meson masseg?(~ My for V = Assessing¢ N coupling through photoproduction and
p,w,®). The resonances originate from vector mesonglectroproduction will require largé| measurements to
coupling in the timelike nucleon form factor which, un- reduce the dominating-channel diffractive scattering
fortunately, cannot be measured in this kinematic regiorinvolving possible Pomeron exchange (see measurements
with e* e~ annihilation reactions. To date, all experimen-and discussion in Ref. [5]). Fortunately, as pointed out
tal timelike data have been obtained using the two-bodyn Ref. [2], detecting thep through KK decay permits
annihilation processes™ e~ < NN which, due to four- measuring the¢ polarization which will be a useful
momentum conservation, is only kinematically accessitool to distinguish betweegp diffractive production and
ble at much higher momenturg? = 4M,2v. In contrast, knockout.

N(m,e*e” )N entails a three-body final state with an ef- Assessingg N coupling usingN (7, e e™)N involves
fectively unrestricted virtual photon magé = 4M2 ~ 0.  both hadronic and electromagnetic aspects and comple-
Measurements will therefore provide significant new in-ments the above reaction studies. It is also an attractive
formation which will permit investigating several impor- alternative since in leading ordér production occurs ei-
tant physics issues discussed below. ther from coupling directly to the nucleom (r n), non-

One such issue, which is of intense current interest, is thetrangeN* or A* resonances or fromp ¢ coupling in
strangeness content of the nucleon. As argued elsewhettee t-channelp exchange. However, thew ¢ coupling
[1,2], possible direct evidence for hidden strangenesgs known to be small ¢ — p# branch is 12.9%), but
(strange sea quarks) would be measurifigoroduction  nonzero because of nonstrange &nd d-) quark mixing
using hadron-lepton (i.e., photon induced) reactions. Thée the ¢. In this analysis we neglect the (unknown) OZI
contention is that if there are no pairs in the nucleon violating ¢ couplings to thev* and A* resonances. To
then ¢ N coupling will be significantly suppressed due to fully understand their role in OZI violatingg production
the predominantlys structure of the¢ and the Okubo- would require a much more extensive theoretical treat-
Zweig-lizuka (OZI) rule [3]. Accordingly, observe¢p  ment and partial wave analysis of future data. We in-
production under such circumstances is characterized &tude thep exchange contribution (see below) since it
Ozl violating (also termed OZI evading). Violations of provides a useful “background) signal to contrast our
the OZI rule which apparently contradict the results fromsignificantly larger¢ prediction arising from¢ N cou-
previous measurements have recently been observeéd inpling. There is no direct-channel competition fromr
production fromp p annihilation experiments at LEAR by exchange sinceb 7 coupling is categorically suppressed
the ASTERIX, Crystal Barrel, and OBELIX Collabora- by G-parity conservation (e.g¢y — 77~ branching ra-
tions. For a review of the current experimental evidencdio ~8 X 1073). Equally significant, from a theoretical
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viewpoint, the resonant signature f@sN coupling is 0.2, andC4(N) = —0.1. HereCy(N) = gywn/fv is the
based only upon VMD as any dynamic approach incor+atio of the meson-nucleon hadronic coupliggyy to
porating VMD would generate vector meson resonanceghe meson-leptonic decay constgit[see Ref. [8] where
To help motivate future measurements we have adoptetthe value ofC4(N) was optimized to tthE data] Our

a treatment which has successfully described elementagy N coupling constant relative taN is g(/,NN/ngN =
pseudoscalar (pion and kaon) electromagnetic production.14, slightly smaller but still consistent with Ref. [1].
and kaon radiative capture data. The model, which iShere is considerable uncertainty #yny Whose mag-
based upon quantum hadrodynamics, is explicitly covarinitude is governed by the currently unknown nucleon
ant, gauge invariant, and incorporates crossing symmetrtrangeness content as well as the small, but much bet-
and duality constraints. Full theoretical details are conter known, u- and d-quark content of thep (see be-
tained in Ref. [6] with additional information in Ref. [7] low). The py transition form factor is computed from
where we applied this approach (K ~,e*e™)Y for @ and¢ vector meson states with couplings determined

Y = A, 20, andA(1405). directly from the¢ — p7, ¢ — ete , 0 — ete”, and
Before showing results we need to further comment orp — 77y decay widths. The p 7= coupling is determined
our implementation of VMD to compute the hadron form by the universality conditiorC, (p7) = —Cg(p7) (see

factors. We utilize a hybrid formalism [8,9] which is a Ref. [9]). Figure 1 depicts our calculated proton form fac-
generalization of the vector dominance model developegors along with available data Note in Fig. 1 that near
by Gari and Kriimpelmann [10]. This approach incorpo-42 = 1.0 Ge\2 (i.e., ¢* = M} ») the magnetic and electric
rates SW3) symmetry relations and Sakurai's universal-proton form factors exhibit a dip and peak, respectively.
ity hypothesis to analyze and describe the baryon octaf we take the OZI limit and set they coupling to zero,
electromagnetic form factors. Our treatment provides ahe form factors are nearly unchanged in the spacelike re-
good quantitative description of the data with specificgion and thep peak or dip in the timelike region becomes
vector meson-nucleon couplings, (N) = 0.4, C,(N) =  absent (dotted curve). We observe similar behavior in the
neutron form factors (not displayed), except spacelite

is sensitive taCy (N).

To illustrate the phenomenological reliability of our re-
action model, we display in Fig. 2 an analysismf pho-
toproduction data. Our quantum hadrodynamical (QHD)
pion model incorporates Born amplitudes (i.e., proton,
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FIG. 1. Proton electric and magnetic form factor in both cos 977T

spacelike and timelike regions. Solid (dotted) curve represents

generalized VMD with (without) ¢ coupling. Note the FIG. 2. Pion photoproduction for three different energies.
dramatic resonance structure predicted by VMD in the regiorCurves represent phenomenological QHD model analysis. Data

below thep p threshold. are from Ref. [12].
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neutron, pion, and rho graphs) with a phenomenologicgbeak should provide a realistit background for assess-
treatment of the hadronic vertex factors and final state aking possible exces$ production such as that predicted by
sorption effects. The acceptetNN, p7 7, pm¢, and  our model. Also notice in Fig. 3 that thé peak is dual
pary coupling constants are used [11] and each electrovalued as a function of the neutron laboratory argle.
magnetic form factor is multiplied by a Lorentzian func- The peaks kinematically correspond¢d — M7 and are
tion which accounts for the dynamical self-energy (i.e.,dual valued due to the nonlinear relation betwgérand
modified propagators) of the off-shell composite parti-6,.. For the¢ with E, = 3.0 GeV and#é,, = 30.0°
cles. Final state absorption effects are modeled by athis occurs a¥,,, = 3.7° and 27.3 while for the almost
overall crossing symmetric functiopA(s,u) = (smin +  equal mas® andw the angles are neaf @nd 34.2.
umin)/(s + u)] which multiplies the amplitude. We note  The dual peak feature seen in Figs. 3 and 4 provide a
thatdo /dt demonstrates the/s’ scaling behavior which useful experimental technique for separately studying
is empirically observed (see Fig. 2) and predicted byproduction froms-channel N) andt-channel p) mecha-
guark counting rules. With all model parameters fixednisms. Because both the energy and angular dependence
by the photoproduction and form factor data, we employis very strong, the kinematic Mandelstam variabées,
crossing symmetry to make a consistent prediction foandu can be chosen to select the relatigemeson pro-
the p(7~,e" e )n reaction, shown in Fig. 3. This fig- duction from the proton, neutron, and exchange. In
ure contains our key findings and illustrates several imFig. 3, the dashed curve represeit&y coupling in only
portant points. Most significantly, note that the relativelythe neutron form factor and ther ¢ t-channel contribu-
small ¢ contribution to the nucleon form factors dramati- tion [i.e., C4(p) — 0]. We conclude that the-channel
cally leads to a 3 order of magnitude enhancement in thproduction of theg from the neutron is negligible for the
cross section (represented by the solid curve) for the peai(7 ~, e e~ )n reaction att, = 3.0 GeV. Thes-channel
neard,, ~ 4°. The dotted curve (overlapping the dashedproduction is suppressed becasss large,|u| < s, and
curve) is the same calculation with @IV couplings setto this amplitude is suppressed by rougtlily|/s)? relative
zero and hence the othérresonance nea,, ~ 27°and to theu-channel production from the proton. Depending
reduced residual peak at 4re the effect of the w¢ cou-  upon the value o, ., the relative proton and exchange
pling due top exchange between andN. This smaller contributions can be modulated, providing a kinematic fil-
ter for the experimentalist. Further, measurements of the
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FIG. 3. VMD crossing prediction forp(#~,y,)n versus
the neutron laboratory angle. Solid curve is full calculation 107 . ! ! ! ! ! s
detailing dramatic, dual peaked resonances from vector mesons 0 5 10 15 20 25 30 35 40
as labeled. The dotted curve representsgmd coupling and Opﬂ (deg)

is essentially identical to the dashed curve which represents
¢ N coupling in only the neutron. All curves include tper ¢ FIG. 4. VMD crossing prediction forn(7*,y,)p versus
contribution. proton laboratory angle. Same curve labeling as Fig. 3.
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Fig. 4. Now the roles of andu are interchanged permit- with OZI evading¢ N couplings, we predict a novel reso-
ting measurements to study the timelike neutron forrmant structure in the™ e~ spectrum that is narrow, nearly

factor and thep N coupling to the neutron. 3 orders of magnitude in enhancement, and dual peaked
Anindication of the level of strangeness in the nucleon isas a function of the recoil nucleon laboratory angle. The
the ratio of thep to w peak cross section®, = d3c(¢g> =  resonances represent a clear signature for experimentally

Mi)/d3a'(q2 = M?) at the sames andt using the triple  confirming the validity of the vector dominance prescrip-
differential cross section (not shown). This scales as th&on for the p and w, which is anticipated, and also for
ratio of nucleon form factors and from vector dominanceassessing the degree of OZI violation which is related to
on resonance is given by = (gﬁ,NN/gf,NN)f, wheref is  hidden strangeness.
a known kinematic factor (note thg,yy contribution is R.A.W. acknowledges financial support from NSF
suppressed by the large width). We have numerically Grant No. HRD-9154080. S.R.C. acknowledges finan-
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