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Nucleon Strangeness Content through Vector Meson Dominance
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It is demonstrated thatNsp, e1e2dN measurements will provide new information about the nucleo
timelike form factor in thef meson region including the value of thefN couplinggfNN . Using vector
meson dominance,Nsp , e1e2dN calculations reveal a 3 order of magnitude enhancement from thef

resonance coupled to the nucleon compared to the expected backgroundf production from therpf

contribution throughr exchange. The effect fromfN coupling in the nucleon form factors yields
a novel experimental signature for OZI (Okubo-Zweig-Iizuka) violation and the related strange
content of the nucleon. [S0031-9007(96)00845-9]

PACS numbers: 25.80.Hp, 12.40.Vv, 13.60.–r, 14.20.Dh
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Dilepton production is becoming widely recognized
an effective means for probing hadronic structure. In t
Letter we report calculations for theNsp, e1e2dN reac-
tion which document a dramatic, novel effect. In partic
lar, assuming only the validity of vector meson dominan
(VMD), we predict 3 order of magnitude cross secti
enhancements for virtual photon four-momentum n
the low-lying vector meson masses (q2 , M2

V for V 
r, v, f). The resonances originate from vector meso
coupling in the timelike nucleon form factor which, un
fortunately, cannot be measured in this kinematic reg
with e1e2 annihilation reactions. To date, all experime
tal timelike data have been obtained using the two-bo
annihilation processese1e2 $ NN̄ which, due to four-
momentum conservation, is only kinematically acces
ble at much higher momentum,q2 $ 4M2

N . In contrast,
Nsp , e1e2dN entails a three-body final state with an e
fectively unrestricted virtual photon massq2 $ 4M2

e , 0.
Measurements will therefore provide significant new
formation which will permit investigating several impo
tant physics issues discussed below.

One such issue, which is of intense current interest, is
strangeness content of the nucleon. As argued elsew
[1,2], possible direct evidence for hidden strangen
(strange sea quarks) would be measuringf production
using hadron-lepton (i.e., photon induced) reactions. T
contention is that if there are noss̄ pairs in the nucleon
thenfN coupling will be significantly suppressed due
the predominantlyss̄ structure of thef and the Okubo-
Zweig-Iizuka (OZI) rule [3]. Accordingly, observedf
production under such circumstances is characterize
OZI violating (also termed OZI evading). Violations o
the OZI rule which apparently contradict the results fro
previous measurements have recently been observedf

production frompp̄ annihilation experiments at LEAR b
the ASTERIX, Crystal Barrel, and OBELIX Collabora
tions. For a review of the current experimental eviden
0031-9007y96y77(6)y1008(4)$10.00
s
is

u-
ce
n
ar

ns
-
on
-
dy

si-

f-

n-
-

the
ere
ss

he

o

as
f
m
n

-
ce

for hidden strangeness in the nucleon, see Ref. [4]. T
strong momentum and channel dependence observe
OZI violations demonstrate the complexity of the hidde
strangeness problem and suggest the need for com
mentary and alternative experimental investigations.
this respect it is noteworthy thatf electromagnetic pro-
duction experiments will soon be conducted at CEBA
AssessingfN coupling through photoproduction and
electroproduction will require largejtj measurements to
reduce the dominatingt-channel diffractive scattering
involving possible Pomeron exchange (see measurem
and discussion in Ref. [5]). Fortunately, as pointed o
in Ref. [2], detecting thef through KK̄ decay permits
measuring thef polarization which will be a useful
tool to distinguish betweenf diffractive production and
knockout.

AssessingfN coupling usingNsp, e1e2dN involves
both hadronic and electromagnetic aspects and com
ments the above reaction studies. It is also an attract
alternative since in leading orderf production occurs ei-
ther from coupling directly to the nucleon (p or n), non-
strangeNp or Dp resonances or fromrpf coupling in
the t-channelr exchange. However, therpf coupling
is known to be small (f ! rp branch is 12.9%), but
nonzero because of nonstrange (u- and d-) quark mixing
in the f. In this analysis we neglect the (unknown) OZ
violating f couplings to theNp and Dp resonances. To
fully understand their role in OZI violatingf production
would require a much more extensive theoretical tre
ment and partial wave analysis of future data. We i
clude ther exchange contribution (see below) since
provides a useful “background”f signal to contrast our
significantly largerf prediction arising fromfN cou-
pling. There is no directt-channel competition fromp

exchange sincefp coupling is categorically suppresse
by G-parity conservation (e.g.,f ! p1p2 branching ra-
tio ,8 3 1025). Equally significant, from a theoretica
© 1996 The American Physical Society
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viewpoint, the resonant signature forfN coupling is
based only upon VMD as any dynamic approach inc
porating VMD would generate vector meson resonanc
To help motivate future measurements we have adop
a treatment which has successfully described elemen
pseudoscalar (pion and kaon) electromagnetic produc
and kaon radiative capture data. The model, which
based upon quantum hadrodynamics, is explicitly cova
ant, gauge invariant, and incorporates crossing symm
and duality constraints. Full theoretical details are co
tained in Ref. [6] with additional information in Ref. [7
where we applied this approach topsK2, e1e2dY for
Y  L, S0, andLs1405d.

Before showing results we need to further comment
our implementation of VMD to compute the hadron for
factors. We utilize a hybrid formalism [8,9] which is
generalization of the vector dominance model develop
by Gari and Krümpelmann [10]. This approach incorp
rates SUs3dF symmetry relations and Sakurai’s universa
ity hypothesis to analyze and describe the baryon o
electromagnetic form factors. Our treatment provides
good quantitative description of the data with speci
vector meson-nucleon couplings,CrsNd  0.4, CvsNd 

FIG. 1. Proton electric and magnetic form factor in bo
spacelike and timelike regions. Solid (dotted) curve represe
generalized VMD with (without) f coupling. Note the
dramatic resonance structure predicted by VMD in the reg
below thepp̄ threshold.
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0.2, andCfsNd  20.1. HereCV sNd  gVNN yfV is the
ratio of the meson-nucleon hadronic couplinggVNN to
the meson-leptonic decay constantfV [see Ref. [8] where
the value ofCfsNd was optimized to theGn

E data]. Our
fN coupling constant relative tovN is g2

fNNyg2
vNN 

0.14, slightly smaller but still consistent with Ref. [1].
There is considerable uncertainty ingfNN whose mag-
nitude is governed by the currently unknown nucleo
strangeness content as well as the small, but much b
ter known, u- and d-quark content of thef (see be-
low). The rpg transition form factor is computed from
v and f vector meson states with couplings determine
directly from thef ! rp , f ! e1e2, v ! e1e2, and
r ! pg decay widths. Thevrp coupling is determined
by the universality conditionCvsrpd  2Cfsrpd (see
Ref. [9]). Figure 1 depicts our calculated proton form fac
tors along with available data. Note in Fig. 1 that ne
q2  1.0 GeV2 (i.e., q2  M2

f) the magnetic and electric
proton form factors exhibit a dip and peak, respectivel
If we take the OZI limit and set thef coupling to zero,
the form factors are nearly unchanged in the spacelike
gion and thef peak or dip in the timelike region become
absent (dotted curve). We observe similar behavior in t
neutron form factors (not displayed), except spacelikeGn

E
is sensitive toCfsNd.

To illustrate the phenomenological reliability of our re
action model, we display in Fig. 2 an analysis ofp1 pho-
toproduction data. Our quantum hadrodynamical (QHD
pion model incorporates Born amplitudes (i.e., proto

FIG. 2. Pion photoproduction for three different energie
Curves represent phenomenological QHD model analysis. D
are from Ref. [12].
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neutron, pion, and rho graphs) with a phenomenologi
treatment of the hadronic vertex factors and final state
sorption effects. The acceptedpNN, rpp , rpf, and
rpg coupling constants are used [11] and each elec
magnetic form factor is multiplied by a Lorentzian func
tion which accounts for the dynamical self-energy (i.
modified propagators) of the off-shell composite par
cles. Final state absorption effects are modeled by
overall crossing symmetric functionfAss, ud  ssmin 1

umindyss 1 udg which multiplies the amplitude. We not
thatdsydt demonstrates the1ys7 scaling behavior which
is empirically observed (see Fig. 2) and predicted
quark counting rules. With all model parameters fix
by the photoproduction and form factor data, we emp
crossing symmetry to make a consistent prediction
the psp2, e1e2dn reaction, shown in Fig. 3. This fig
ure contains our key findings and illustrates several i
portant points. Most significantly, note that the relative
small f contribution to the nucleon form factors drama
cally leads to a 3 order of magnitude enhancement in
cross section (represented by the solid curve) for the p
nearunp , 4±. The dotted curve (overlapping the dash
curve) is the same calculation with allfN couplings set to
zero and hence the otherf resonance nearunp , 27± and
reduced residual peak at 4± are the effect of therpf cou-
pling due tor exchange betweenp andN . This smaller

FIG. 3. VMD crossing prediction forpsp2, gydn versus
the neutron laboratory angle. Solid curve is full calculati
detailing dramatic, dual peaked resonances from vector me
as labeled. The dotted curve represents nofN coupling and
is essentially identical to the dashed curve which represe
fN coupling in only the neutron. All curves include therpf
contribution.
1010
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peak should provide a realisticf background for assess
ing possible excessf production such as that predicted b
our model. Also notice in Fig. 3 that thef peak is dual
valued as a function of the neutron laboratory angleunp .
The peaks kinematically correspond toq2 ! M2

V and are
dual valued due to the nonlinear relation betweenq2 and
unp . For the f with Ep  3.0 GeV andugp  30.0±

this occurs atunp  3.7± and 27.3± while for the almost
equal massr andv the angles are near 0± and 34.1±.

The dual peak feature seen in Figs. 3 and 4 provide
useful experimental technique for separately studyingf

production froms-channel (N) and t-channel (r) mecha-
nisms. Because both the energy and angular depende
is very strong, the kinematic Mandelstam variabless, t,
and u can be chosen to select the relativef meson pro-
duction from the proton, neutron, andr exchange. In
Fig. 3, the dashed curve representsfN coupling in only
the neutron form factor and therpf t-channel contribu-
tion [i.e., Cfspd ! 0]. We conclude that thes-channel
production of thef from the neutron is negligible for the
psp2, e1e2dn reaction atEp  3.0 GeV. Thes-channel
production is suppressed becauses is large,juj ø s, and
this amplitude is suppressed by roughlysjujysd3 relative
to theu-channel production from the proton. Dependin
upon the value ofugp , the relative proton andr exchange
contributions can be modulated, providing a kinematic fi
ter for the experimentalist. Further, measurements of
crossing complementary processnsp1, e1e2dp could be
performed using a deuteron target. In this case thee1e2

production is predominantly from the neutron as shown

FIG. 4. VMD crossing prediction fornsp1, gydp versus
proton laboratory angle. Same curve labeling as Fig. 3.
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Fig. 4. Now the roles ofs andu are interchanged permit
ting measurements to study the timelike neutron fo
factor and thefN coupling to the neutron.

An indication of the level of strangeness in the nucleon
the ratio of thef to v peak cross sections,R  d3ssq2 
M2

fdyd3ssq2  M2
vd at the sames and t using the triple

differential cross section (not shown). This scales as
ratio of nucleon form factors and from vector dominan
on resonance is given byR  sg2

fNN yg2
vNN df, wheref is

a known kinematic factor (note thegrNN contribution is
suppressed by the larger width). We have numerically
confirmed our predictedf andv peaks satisfy this rela-
tion yielding R , 0.14f, as given above and consiste
with one of the OZI violating values quoted in Ref. [1
This should be contrasted with the no nucleon strangen
OZI prediction [4]R  tan2 d f 0  4.2 3 1023f 0, where
f 0 is another kinematic factor (of order unity) andd is the
deviation from ideal mixing involving the smallu, d quark
components in thef. Clearly, psp2, e1e2dn measure-
ments will help resolve the significant differences betwe
predicted values forR with attending implications.

To further quantitatively relategfNN to hidden strange-
ness requires a detailed model which also includes hig
orderKL, KpLp, . . . , loop diagrams that preserve the OZ
rule and require no hidden strangeness. As calculate
Ref. [13], these loop diagrams strongly cancel, sugge
ing that an appreciablefN coupling would be direct evi-
dence for hidden strangeness since any intrinsics̄s in the
nucleon always leads to an enhancement ofgfNN [4].

We note that other baryon resonances (e.g.,Np, Dp)
will contribute even at largejtj. Therefore until a
more comprehensive calculation is conducted, one can
unambiguously extract the proton (or neutron) timeli
form factors orfN couplings. Nevertheless, anyf peak
comparable with our prediction constitutes an apprecia
OZI violation and is a signal for hidden strangeness.

Finally, psp , e1e2dn measurements are quite feasib
and are in progress at BNL [14], although at somew
higher energies, and are planned at GSI for energies ca
lated here. Both the BNL Multiple Particle Spectromet
and the Crystal Ball [14] detector have sufficient sensit
ity to measure the minimal, but expected,f background
production signal from therpf contribution.

In summary, we conclude that thesp, e1e2d process
is ideal for investigating the timelike nucleon form fac
tor which is currently not known belowq2  4M2

N ,
3.5 GeV2. Assuming the validity of vector dominanc
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with OZI evadingfN couplings, we predict a novel reso
nant structure in thee1e2 spectrum that is narrow, nearly
3 orders of magnitude in enhancement, and dual pea
as a function of the recoil nucleon laboratory angle. T
resonances represent a clear signature for experimen
confirming the validity of the vector dominance prescrip
tion for the r and v, which is anticipated, and also fo
assessing the degree of OZI violation which is related
hidden strangeness.
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