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KK continuum and isoscalar nucleon form factors
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We analyze the isoscalar vector current form factors of the nucleon using dispersion relations. In addition to
the usual vector meson poles, we account for Ki€-continuum contribution by drawing upon a recent
analytic continuation oKN scattering amplitudes. For the Pauli form factor all strength indhegion is
already given by the continuum contribution, whereas for the Dirac form factor additional strengthdn the
region is required. The pertinent implications for the leading strangeness moments are demonstrated as well.
We derive a reasonable range for the leading moments which is free of assumptions about the asymptotic
behavior of the form factors. We also determine thidN coupling constants from the form factor fits and
directly from theKK— NN partial waves and compare the resulting val&8556-28189)02010-5

PACS numbd(s): 14.20.Dh, 13.40.Gp, 11.55m

. INTRODUCTION tromagnetic form factor of the pion and the reactiimi

_ —ar, has been determined by Hler and Pietarinen9].
The electromagnetic form factors of the nucleon are fun-rhis contribution manifests both a stropgneson resonance
damental quantities that parametrize the structure of theq \ell as a pronounced uncorrelated continuum effect

nucleon as revealed by virtual photons. The understanding n the left wing of the resonance. The presence of the un-

these form factors Is not only of importance in any theo_ry Ofcorrelated continuum implies that the isovector EM form
model of the strong interaction, but also serves as an ingre-

dient for precise tests of the standard model, e.g., in th actors cannot be adequately represented by a simple vector

Lamb shift measurements performed receftly In the past, meson dominancé/MD) picture[10]. Consequently, thez2

the form factors have been extracted from elastic electronf-:ominuum has been built into the spectral functions for the

nucleon scattering experiments by means of the Rosenbluf§PVector nucleon form factorgll,12 explicitly. The re-
separation. With the advent of the new continuous bean'Ning strength in the isovector channel is then param-
electron accelerators at Jefferson Lab, Bonn, Mainz, and NIEW1Z€d by three narrow excitations of themeson.

KHEF, experiments with polarized beams and/or targets The situation for the isoscalar form factors is less clear.
have become possible. These experiments allow for very préS in the isovector case, one expects the low-mass states to
cise measurements of those form factors which are sudd€nerate both resonant and nonresonant continuum contribu-

pressed in the Rosenbluth separatisee, e.g., Ref2], and tions. Historically, the first analyses of these form factors
references therejn In fact, a deviation from the well- assumed that the isoscalar spectral functions can be param-

established dipole behavior has recently been observed §ff1zed solely by sharp vector meson resonances. Although

Jefferson La3]. such an approach does not produce the correct singularity
An essentially model independent tool to describe theStructure for the form factoi.3], an adequate fit to EM data

form factors is given by dispersion theof§—6]. Based on  Can nevertheless be obtaingtll,12. Such fits require at

analyticity and causality, dispersion relaticii3R) relate the €8st two closely lying resonanceés.g., » and ¢) with op-
real parts of the form factors to integrals involving their posite sign residues in order to generate the observed dipole
imaginary parts. The imaginary parts—or Spectra|behaV|or of the form factors. A third resonan@enoted by

functions—contain information on the contributions to the S, in Ref.[11]) is included in order to obtain an acceptable

5 ; ) . :
form factor dynamics made by various states in the hadronig -~ The S’ effectively summarizes higher-mass spectral
spectrum. The quantum numbers of the curfdi®(JP)] strength. One surprising implication of the VMD analysis is

restricts the set of states which may contribute. For thé* large value for theg-nucleon couplingg nn/9gunn~

isovector electromagnetic currept.* (1~ ~)], the lowest 1/2. This evidence for significant OZI violatidi4] sug-
mass states arem24w.6m, . ... whereas for the isoscalar 9€Sts large moments for the strange vector form factors as
electromagnetic  current [0 (1" 7)] they are Well[15). _ _ .

375w 7m2K, ... (see Refs[7,8)). Subsequent studies have examined the validity of the

In principle, the electromagnetic spectral functions can be/MDP ansatz for the isoscalar form factors. The authors of

obtained from experimental data. In this respect, the lowRef-[16] computed the uncorrelatedrontinuum to lead-

mass spectral content of the isovector EM form factor hadnd order in chiral counting. They find no evidence for con-

been well understood for some time. Specifically, the contrifinuum enhancement as occurs for the @ntribution to the

bution of the 2r continuum, which is obtained from the elec- 1SOvector form factors.The authors of Ref.17] argued that

*Electronic address: hammer@triumf.ca The multipion contributions could, however, be enhanced by
"Electronic address: mjrm@phys.uconn.edu resonance effec{d8].
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the VMD analyses neglect important contributions from aand dispersion relations. In Sec. Ill, we derigd\N cou-

correlatedpr resonance which sits on top of ther®on-  pjling constants from th&K— NN partial waves of Ref8].
tinuum. It is argued in Ref[17] that the effect of thepm  The spectral content of the isoscalar form factors is analyzed
exchange can be parametrized by a single polet at jn Sec. IV. Finally, we demonstrate the consequences of our

=(1.12 GeV¥ with a residue fixed from the Bonn potential. analysis for pole models of nucleon strangeness in Sec. V
A fit to isoscalar form factor data, with this effectivér  and conclude in Sec. VI.

singularity included, leads to a significantly smaller
¢-nucleon coupling than obtained in Refd1,12. To the Il. DISPERSION RELATIONS
extent that thepr resonance does not couplede,s, one
infers considerably smaller values for the strangeness mo- The vector current form factors of the nuclebrp(t) and
ments than obtained in Rgf15]. It was noted in Ref[18], F,(t), are defined by
however, tha{p7[sy,s|0) does not vanish, since thgde- L
cays to pm 12% of the time. Thus, the inclusion of the (N(P )i uINCp))
3w pm resonance need not imply small strangeness mo- iF (1)
ments. Ty AN r e
In the wake of these analyses, several questions pertaining HEPT) Fat) 2my Tu(P' =P U, (D)
to the isoscalar EM and strangeness vector current spectral . . . .
content remain: whereu(p) is the spinor associated with the nucleon state

— 22— ’ 2
(i) Does any evidence exist among EM or strong interac/N(P)) andt=q”=(p’ —p)*is the four-momentum transfer.

tion data for large OZI violation in the nucleon? We consider two cases fgy, : (i) the strange vector c_uor)rent
(i) Does the VMD picture give an accurate representatior? .S and (ii) the isoscalar electromagnetic currgft g
of the isoscalar EM spectral functions? Since the nucleon carries no net strangenégsnust vanish

(iii) To what extent does our knowledge of the isoscala@t zero momentum transfer, wherég#s™? is normalized to
EM spectral functions constrain predictions for the strangdhe isoscalar electromagnetic charge of the nucleon
quark vector current form factors and their leading mo—F(l':O)(O)=1/2. Both currents couple to the same intermedi-
ments? ate states because they have the same quantum numbers
In this paper, we address these issues by concentrating ¢7,8]. We use a subtracted dispersion relati@R) for F;
the role of theKK continuum. In analogy to analyses of the and an unsubtracted one fBp,
27r-continuum for the isovector form factors, we introduce

— ) . . t (= ImFy(t")
the KK continuum into the analysis of the isoscalar ones and Fi(t)=F.(0)+ —f ——dt’, (2
study the nature of the strength in detail. No additional 7 Jom? V(' —1)
parameters are introduced because this contribution is ob-
tained from an analytic continuation of experimenkaN F (t)zifw Im Fz(t')dt, 3)
scattering amplitudes arel e~ —KK data[8]. In particular z T Jom2 t'—t '

we list the following.

(@ We compare thepNN couplings derived from the The lower limit of integration is given by the threshold of the
KK—NN partial waves with those obtained from the origi- lightest intermediate state contributing to .the form factors,
nal VMD analyses of the electromagnetic nucleon form fac-the 3m §tate. In the VMD analyses of the |soscr_:1Ia_Lr eIe_ctro-
tors and comment on the validity of the OZI rule. We find Magnetic form factorgsee, e.g., Ref$11,12), their imagi-
that strong interaction data imply large values for gy, nary parts are parametrized by narrow vector meson reso-
in disagreement with the conclusions of REf7]. nances

(b) We refit the isoscalar EM form factors under various
scenarios used in Refsl1,12,17 but also including the con- ImF()=m > ajd(t—m?). (4)
tinuum KK contribution explicitly. Our fits determine the j=0.¢8
phase (_)f the Ia}ter, which cannot be obtained from strong .. 5 successful description of the data thethe ¢, and a
interaction ance™ e data alone, as well as the stable reso-fitious third S' resonance ate =1.6GeV are needed.
nance contributions to the form factors. We find thatit®  Although theS’ can be identified with thes(1600 or the
contribution, which contains @ resonance, accounts for #1680 [19], it effectively accounts for the strength in the

nearly all the¢ strength in the isoscalar Pauli form factor, high mass region. With the DR’s, Eq&),(3), this leads to
but that additional¢ strength is required in the isoscalar the usual pole parametrizations

Dirac form factor.
(c) Based on the analysis dlb), we argue that the VMD
approach represents an effective parametrization, but leads to F1i()=F4(0)+ >
erroneous values for th¢ nucleon couplings. =048
(c) We demonstrate the pertinent implications for the
nucleon’s strange vector form factors.
Our discussion of these points is organized as follows. In ?Note that in Refs[11,17 an unsubtracted dispersion relation has
the next section, we briefly review the necessary formalisnbeen used foF; as well.

t aj .
e me—t’ (5)
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2 T T T T
a; 4k 1
J
Fa)= X o (6) ==
j=wss M o 2F = 3
T ~
i +
The residuesa} are then fitted to the form factor data. In & _ L B
contrast to the isovector nucleon form factors, no continuum--2
contributions are necessary to obtain successful fits. Base _ o ; 4k
on these fits, the phenomenology @#f» mixing, and the : :
known flavor content of thes and ¢, predictions for the 0.5 1£5[GeV22']5 3.5 1,('5[(;6\,22']5 35

strange vector form factors have been mddé,20,2].
However, the coupling of th&' to the strange vector current  FIG. 1. b¥2*Y2 in the unphysical region M2<t<4m? ob-
is uncertain. Because the flavor content of ®eis un- tained from an analytic continuation &N scattering amplitudes
known, its coupling tasy,s has been inferred in Refgl5,  [8].
20] from ad hocassumptions about the asymptotic behavior
of the strangeness form factors. Unfortunately, the leadingal region have been determined from an analytic continua-
moments of the strange form factors are very sensitive to thtion of KN-scattering amplitudeg8]. The resulting partial
assumed asymptotic behavi@1,22. We present a possible waves are shown in Fig. 1. The striking feature is a clear
solution to this problem in Sec. V. First, we focus on theresonance structure at threshold)i'lﬁz'l’z, which presumably
KK-continuum contribution for isoscalar nucleon form fac- is the ¢ resonance. However, this resonance is not seen in
tors. bi2~12 although it is not forbidden by the quantum numbers
of the ¢. In a simple resonance model this behavior is recov-
. KK-CONTINUUM ered when the vectog@NN) and tensorgﬁ)NN) couplings of
o the ¢ meson to the nucleon are equal and have opposite
The KK contribution to the imaginary part of the isocalar signs. This can be seen from the following parametrizations

form factors is given by7,8] [23,8]:
myge|| By 207 2R?
IME®t)=R ( ) bl2 1204y _ pl/2.1/2¢ pl21/7 ¢y = St : ,
@(t) e{ 07 )| v LM A0-bE* Y 0=~ i TR
2R?
XFR(O* (, 7) 12102/ _ 12 -
K ] oy A = Ty (2
myg my B with
ImF(Za)(t):R4( 4ptt) bi/Z,ll?(t)_‘/Ebi/Z, 1/2(t)l , - ,
__cMNGekk ([ 1 My -
Rf——Tﬁ<9¢NN+ mgq}NN ;
XF?(U*}, (8 ”
2V2 Qyri
with R?:_T 4o (g}ﬁNN+g¢2ﬁNN)7 (13

= ftja— mﬁn 9= fja— mﬁ and E=\t/2. (9) wherel’, is the total width of thep and hd,(t):t/mfb [24].
The ¢KK coupling is obtained from the partial width of the
The superscript denotess or (I=0) for strange and iso- b KK decay[23]

scalar electromagnetic form factors, respectively(t) rep-
resents the kaon form factor in the respective channel |94k =4.10+0.28. (14)

(0] DK (KK (k)= (k—k) ,F&(1), (10) We have fitted the expressions from E¢k),(13) to the
absolute values of the amplitudes from the analytic continu-
whereas theb}?*12 are theJ=1 partial waves forkK  ation(see Fig. 1in order to determine the vector and tensor
— . 1 2 . .
—.NN [7,8]. Once these imaginary parts are determined, th& NN couplings g,y and gyyy. respectively. Since the

= 12172 ; ; . . ;
contribution of theKK continuum to the form factors is ob- ncl)nreso;rgr?: égitggﬂ?gfs C\?vr:";l:l?t'%? t(;l()entrzlniosrwu?rf)t;nttlr?le
tained from the DR’s, Eqs(2),(3). Fort>4m,%l the partial ' y 9

waves are bounded by unitarity KK threshold to about 1.5 GeV where tieresonance is
’ dominating. Furthermore, we forcgsyy=—gyyy o im-
|b}2=Y2)|<1. (11)  prove the stability of the fit. The resulting coupling constants

are given in Table I. We used two scenarios for our figs:
Equation(11), however, does not hold in the unphysical re-the width of the¢ is taken from the particle data gro{ip9]
gion, 4mz<t<4m?. Recently, theb¥>*¥2in the unphysi- and (b) the width is fitted together with the coupling con-
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TABLE I. #NN coupling constantg?yy=— gy as obtained ”gbeN is comparable tgfﬁNN as obtained from the pole analy-

from a fit of Eqs.(12),(13) to the partial waves from Fig. 1. First sjs[12]. The reason for this “agreement” will be discussed
two rows give our results for scenarit®: I'=4.43MeV[19] and  jn the next section.

(b) T=16+10 MeV from fit. Last row gives the result of R¢fl2]. In deriving values for th&]i \ from KN data, we note
that there exist unquantified theoretical uncertainties beyond

Scenario Gonn Gonn those quoted in Table I. A more careful treatment of the
(@ —7.4+1.46 7.4-1.46 bil'xz would have included form factors along with simple
(b) —9.6+2.44 9.6-2.44 coupling constants in Eq§12),(13). Ideally, one would want
Ref.[12] —9.16+0.23 2.01-0.33 to follow the lines of Ref[9] where this has been done for

the 2 contribution to the nucleon’s isovector form factors
_ o and thepNN vertex. However, the latter treatment relies
stant. The results Ior both scenarios agree W|th!n the eI0Lirongly on the fact that the phasesof— NN scattering
bars. Furthermoreg, agrees with the value obtained from 44 the pion electromagnetic form factor essentially follow
the dispersion analysis of the elczectromagnetlc nucleon formaach other because the inelasticities are small. Unfortunately,
factors[12], while the values fog,y are in variation. The  the sjtuation is more complicated in the kaon case, and a
discrepancy ingZyy is due to our constraintgfyy=  straightforward extension of the method of REJ] is not
—gynn- When we omit this constraingZy~4.0 is similar  possible.
to the value of Ref[12], however, the quality of the fit at Hence, there is an error bar associated with gNN
threshold is not satisfactory. The size of &N coupling  couplings due to the continuum under the peak which we are
constants in both scenarios is of the same order as in polgnable to quantify at this time. Nevertheless, an important
analyses and therefore implies a large OZI violation as welldifference between isoscalar and the isovector case is that the
We believe that extracting the coupling constants from thewidth of the resonance peak is much smaller in the former.
partial waves rather than electromagnetic pole analyses is ti@onsequently, nonresonant continuum effects are not likely
more sensible procedure for at least three reasons. First, to substantially affect the residue for such a pronounced
the VMD form factor analyses, one effectively summarizesresonance. This expectation is corroborated by the fact that
the sum over a variety of intermediate state contributions byhe coupling constants do not change appreciably with the
a few sharp resonances. The residues in this case may imddth [scenaria(a) vs (b)]. Finally, we observe that since the
clude the effects of both true resonances as well as nonresamplitudes themselves—rather than a parametrization of
nant continuum contributions. them—is used in Eq$2),(3),(7),(8), the interpretation of the
Second, the EM form factor data exist only in the spaceb?*2 is inconsequential for the following form factor
like domain and, thus, do not manifest any resonance strucanalysis.
ture explicitly. TheKN partial waves, on the other hand,
have been analytically continued into the time-like region
where an isolated resonance structure is appassd Fig.

D. . . _— ) _ We now include theKK continuum into the dispersion

_ Finally, the resonating contribution from a given interme- 54 \ysis of the isoscalar electromagnetic nucleon form fac-
diate state may not be adequately represented by a Simp{§ys 1y adding it to Eqs(5),(6). We then refit the residues of
VMD ansatz. To see why, consider the&K contributions to  the w, ¢, andS’ poles. The massas?=0.6115 GeV, m2¢

the isoscalar EM form factosf < . We have also fitted these =1.0384 GeV, andmZ, =256 GeV? are fixed[12]. Since

IV. FORM FACTOR FITS

contributions[see Eqs(7),(8)] with an effective¢ pole Ref.[8] does not give the phase of thk&-continuum rela-
1 5 tive to the pole contributions, we determine this phase from
KK Oonn My the fits as well. For simplicity, we do not fit to the experi-
Fii(t)= Hi m3,—t ﬂ' mental data but rather to the results of R@f2].2 The fits
indicate a relative phase of ) between th&K K continuum
KK ”g";NN mfﬁ and thew pole contribution fo=; (F5). In fact, it is impos-
Fah(t)= W T, (15  sible to obtain a satisfactory fit with a different relative phase

between the two contributions. After having fixed the rela-
where f ,=13 is obtained from the width of the leptonic tive phase, we aim to determine how much of the origial

decay¢—e*e”. We find the following effective coupling Strength can be accounted forlP())/ & C(l)r_l'gin_uum.
constants: We have performed fits fdF{' =% andF{ =% in a number

of different scenarios. We present_the following four in de-
Gyun=1.32£0.01 and G5\y=2.86+0.01. (16) tail: (i) w, ¢, andS' poles and ndKK-continuum(see Ref.

The effective couplingﬁjiﬁNN are quite different from the

ggnn for Scenarlos(_a) and(b) in Table I. Consequently, we 3Note that in Ref[12] all form factors have been fitted simulta-
conclude that th&K continuum is not well represented by a neously. Since we are mainly interested in qualitative features, we
vector meson dominance approximation. Note, however, thateem this procedure here unnecessary.
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TABLE II. Fitted residuesaiv for scenariogi)—(iv). The residueai\, are given in units of Ge¥ For the
o and ¢ poles the couplingg'\,NN=(fV/m\2,) ay with f4=13 andf =17 are shown instead of the residue.

Scenario gonn g}quN aér ai, 92NN ggf)NN aé, ai,
(i) 21.1 —-9.7 0.0035 —-3.36 1.98 —0.038
(i) 21.2 —-10.7 —-0.072 —-3.31 —0.46 -0.11
(iii) 13.1 —1.08 —-3.72 —0.142
(iv) 19.1 0.21 -1.01 —-3.42 —-0.104 —-0.04
[12)), (ii) @, ¢, andS' poles and<K continuum(iii) » and We conclude that the role of thé in FY =2 is well un-

S’ poles andkK continuum,(iv) o, o', andS’ poles and derstood, and that it cannot be represented by a simple VMD
KK continuum. Thaw' pole in scenarigiv) is not physical. structure with the physicab nucleon couplings. The role of

It was introduced in Ref.17] to parametrize the contribution the ¢ in F3 remans ar_nb|guo_us. _Th's ambiguity stems

take the same mas®?>,=1.2544 GeV, as in Ref.[17]. the spectral fgnction strength in tleregion andb) equally _
@ acceptable fits are obtained whether one saturates this

strength either with ap pole explicitly or with an effective

; . - pm (w") pole. Moreover, the flavor structure of the latter is
fits are shown in Table Il. Scenarig) corresponds to the o, open to debate, since the isoscalar EM and strange-
original analysis of Ref[12]. In the other scenarios the .o<q form factors contaig-strength 18,25,28. We suspect,
strong ¢ coupling demanded by the data is partially or fully e\ ertheless, that nearly all of the strengtit4nl Ge\ re-
accounted for by th&KK continuum or thepm continuum  gion is due to theg, since the values Og(lﬁNN obtained in

(modeled by the effective’ pole). Most of the fits give a  scenariogi) and (i) agree with the values obtained from the
similarly accurate description of the form factors from Ref. kN partial waves.

[12]. The fit for scenarig(iii) is somewhat poorer because
there is one fitparameter less.

We now make several observations based on the fits. In
particular, thew contribution is very stable in all scenarios.  Finally, we use the fits from above to obtain information
However, this is not the case for the residgabnd theS'. on the leading strange moments,

Since theS' is not a physical vector meson but effectively
summarizes higher lying strength this is neither surprising
nor alarming.

To understand the role of thg, consider in detaiF§ =
when theKK continuum is introduced in scenaria), the  In pole modelg15,20,21, the couplings of the) and » to
#NN coupling is reduced considerably. In fact, in scenariodhe strange vector curr(_ant are mfe_rred from their known fla_-
(iii) and (iv) the form factor can be described withoutga VOr content and coupling to the isoscalar electromagnetic
pole at all. Consequently, all thgstrength can be accounted current. The ratios of the corresponding pole residues are

for by either theKK continuum alone or in tandem with a 15,19

However, we let the residue free because IoKr continuum
is different from the one used in R¢fL7]. The results of the

V. STRANGE MOMENTS

dFi(t)
dt

17

kS=F5(0), and (r?3=6
t=0

small, effectivepar-continuum contribution. This is the rea- ‘ , sine

son why the effective coupling?,y from the previous sec- (a)%a =—6 snetoy|” -0.2, (18
tion is comparable t(gf,)NN from Ref.[12] (even though the 0

ef_fective coupling@fﬁNN is not the same as the tensor cou- o cose

pling extracted from th&N partial waveg (ag)a,=— V6 coset 0y ~-3, (19

The situation is different, however, fé{'=%: when the

KK continuum is introduced in scenarii), the NN cou-  where the superscrig denotes the residue for the strange-
pling is almost unchanged. This suggests additional contriness form factorg,=0.6154 is the “magic” octet-singlet

butions in thes region that are mocked by t# in scenario  mixing angle giving rise to purelU+dd andss states and
(i). Further evidence is provided by scenafiio): removing  ¢=0.055 deviations from ideal mixing. Since the flavor con-
the ¢ pole significantly changes the otherwise very stableent of theS’ is not known, its coupling to the strange cur-

NN coupling by a factor of 2 and leads to a unnaturallyrent was fixed by an asymptotic condition. Here, we follow a
large coupling for thes'. If the ¢, however, is replaced by gjightly different approach.

thew' as in scenaridiv), reason(zilblot-),\ couplings for theand We consider scenario§) and (i) from Sec. IV corre-

! H = —
S’ are obtained. In contrast 6, ' there appears(ltgot;)e & sponding tow, ¢, andS’ poles without and witlKK con-
considerable contribution from ther continuum toFy =™, tinyum, respectively. The residues of tiheand ¢ poles have
and the¢ cannot be accounted for by the€K continuum  been obtained from fits to the isoscalar form factors in the
alone. previous section. As in Refd.15,20,2], we draw upon
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TABLE Ill. Low-mass value and reasonable range for the Iead-(viZ KK . KK 71 - 'A/T‘--) is uncertain. Consequently, in
- 2 s . . b 1 . 1
ing strange moments® and(r<)p as defined in the text. the earlier workg15,20,21 its contribution to the strange
spectral function was fixed by requiring specific asymptotic

Moment Scenario  Low-mass value Reasonable ralngebehavior (—) for the form factors. The choice of this

K (i) -0.43 —0.39-—-0.48 condition is somewhat ambiguous, however, and the leading
(i) -0.28 -0.15--0.41 strange moments vary strongly for different reasonable
(iv) —-0.39 —0.26-—0.51 choices for this conditiof21,22.

(r33 [fm?] (i) 0.42 0.42 We suggest an alternative method to quantify the uncer-
(i) 0.42 0.41-0.43 tainty associated with the unknown higher mass spectral con-
(iv) -0.15 —-0.13--0.17 tent. First, we argue that a purely hadronic description of the

form factors is applicable only for relatively small momen-
tum transfersfe.g., |t|<afew (GeVk)?]. From the stand-

simple flavor rotation arguments leading to E8),(19) to point of quark-hadron duality, we would expect a hadronic
'mp v ! au ng 4),(19 proach to produce the asymptotidependence obtained

determine the corresponding residues for the strange vect@p ) .
rom quark counting rules only when a sum over the entire

form factors. TheKK contribution is also knowii8] and its  hadronic spectrum is carried out. At present, performing this
phase has been determined from fits to the electromagnetig,y is not feasible. Consequently, a hadronic framework
form factors. For illustrative purposes, we also consider sCespoyld adequately describe the form factor only over a finite
nario (iv), under the assumption that the intermediaterange of momentum transfer, as is used in the fits of the
3w pr state(parametrized as the' in Ref.[17]) does not  jsgscalar EM form factors.

couple tosy,s. Although the latter ansatz is not well-  second, we assume that for each higher mass intermediate
justified phenomenologically18,26, we include it to dem-  gtate, some relation exists between its contribution to the
onstrate .the sensitivity of our predictions to rather extremggoscalar EM and strangeness spectral functions. Roughly
assumptions. __ speaking, the “maximal” relation is given by Eq19):

The combined contributions from the resonanceKK whatever a state does in the isoscalar EM channel, it does
continuum, and residuap-strength to the strangeness mo- about three times more strongly in the strangeness channel.
ments are listed in Table Il as the “low-mass” values for States which do not contain resonatigig pairs would give
the moments. These contributions are strongly constrainerklatively weaker contributions to the strangeness spectral
by the phenomenology of EM form factor dat@N scatter-  function. Using a singlés’ pole to characterize the higher-
ing phase shiftsee”—KK cross sections, and vector me- mass spectral content, the largest higher-mass effect would
son flavor content. It is difficult to maintain consistency with be given by assuming the ratio of its residues, {*/sg, is
these phenomenological inputs and evade the low-mass cogiven by Eq.(19). We obtain a “reasonable range” for the
tribution to the strangeness moments given in Table Ill. One&trangeness moments by adding and subtracting this maximal
might have expected the use of scendig—where the¢ S’ contribution to the low-mass values in Table‘\lll_eaving
strength is replaced by the effectiyer contribution—to  the sign of theS’ uncertain allows for the possibility of
yield smaller low-mass values. In fact, the low-mass valuecancellations between higher-mass contributions to the iso-
for «* under scenaridiv) is similar to the other values in scalar EM spectral function which do not persist in the
Table lll, since the effectivepm contribution to F(Z'ZO) is  strangeness channel.

negligible and since th&K contribution saturates th¢g ~  In Table lll we show our results for scenarig (i), and
strength. In the case ¢f2)3, the impact is potentially more (V) (under the extreme assumptions for #@sy,s|pm)
significant. If one assumes the resonatjngdo not couple  discussed aboyeWe observe that both magnitude and sign
to the strange vector current, the scendig prediction for for k° are relatively robust. Differing assumptions for the
(r2) has a smaller magnitude and opposite sign to the scdligheér mass contribution lead to at most a factor of 2-3
nario (i) and (i) predictions. The assumption that variation in the magnitude ok® but no variation in the
<0|§7#S|p77>=0, however, is inconsistent with the phenom- phase. It |s_d|ff|cult to generate a positive sign forunder
enology of$ decay, which displays a 13% branchge. To &Ny scenario and maintain consistency with the phenomeno-
the extent that thepm vector current form factors are logical constraints discussed earlier. The predictions for the
4-meson dominatef6], the prr contribution to the nucleon strange rad;u;s are less certain. Although the reasonable
isoscalar EM and strangeness moments should obey the ridnges foxr®)p are generally smaller than those fie?, the
lation in Eq. (19). Consequently, a more realistic scenario/ow-mass value depends strongly on one’s assumptions

(iv) low-mass value fotr2)3 should be closer to those from about the 3r—pm coupling tosy,s. We emphasize, how-
the other scenarios. ever, that the result for scenafiiv) appearing in Table Il is

The remaining—and dominant—uncertainty is associatedikely to underestimate the magnitude of the radius, given the
with the higher-mass content of the spectral functions. In théhenomenology of decays.
VMD approach, the effect of higher mass states is param-
etrized by a single&S’ pole. Whether this pole represents a
single resonance with an in-principle well-defined flavor “Note that the case when ti% is identified with thew(1600 and
wave function or a sum over a tower of higher mass statesouples according to Eq18) is contained in this range.
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Should the experimental value for either of the strangeform factors is¢-resonance enhanced yet is not well repre-
ness moments lie outside our reasonable range by more thaented by a vector meson dominance approximation.
one standard deviation, we would conclude that our treat- Furthermore, we have determined #B N coupling con-

ment Of the hlghel’ mass Contributions iS too naiVe. In th|SStants from the form factor f|ts and direct'y from tm(
respect, the first results foe® from the SAMPLE Collabo- NN partial waves. The extracted coupling constaistse
ration[27] are suggestive. It is.conceivable, for example, thaLI’abIes 1I) imply large OZI violation. As observed previ-
states such as tHeK 7 could give resonance enhanced €ON- 451y for thewNN couplings[2], the results of the two meth-

tributions to the strangeness form factors but only small ef'ods do not agree. For a variety of reasons discussed above
fectg in the isoscalar ‘fo”‘? factpfsee, e.g., the initial StUd'?S we deem it more sensible to extract the couplings directly
of higher mass contributions in R€i28]). Such a scenario from the partial waves

might arise from the presence of two opposite sign pole con- "y« have also develo P ;
L2 ped the implications for the leading
tributions tﬁ. t::edKKW EM r:‘orm factpr [r?ég" (1600 and moments of the nucleon’s strange vector form factors. We
?(16?9] which do riOt ot Iappiar In theK strr]angenegs guantify the main uncertainty in this approach by splitting
orm factor[e.g., $(1680 only]. At present, such scenarios e jeading moments into low-mass and higher mass contri-

remain speculative and await a more detailed analysis of thﬁutions We quote fow-mass valughat consists of the rea-

higher mass strangeness spectral content. sonably well knowrnw, ¢, andKK contributions. These con-
tributions are strongly constrained by isoscalar EM form
factor data,KN partial waves,e*e” —KK cross sections,
The spectral content of the isoscalar EM form factors ap-and vector meson octet phenomenology. We also greaa
pears to be considerably more complex than that of th&onable rangeby considering the scenarios in which the re-
isovector form factor. Only recently, for example, has themaining higher-mass intermediate state contributions, pa-
connection between continuum and resonant contributions teametrized by a single vector meson p&@é, couples to
F{'=9 andFY=% been elucidatef29,8]. In order to address strangeness maximally as tkfe(or with an opposite sign
some of the open questions regarding the isoscalar spectrdle find that both the magnitude and negative signdoare
content, we have drawn upon our previous study ofkie  rather robust for various scenarios, whereas the predictions
continuum([29,8] in the present reanalysis of the isoscalarfor (r?)3 contain more variation. Whether there exist addi-
form factors. The relative phase between Ki§ contribu- ~ tional higher-mass contributions which would modify our
tion and the vector meson poles has been determined frofgasonable ranges for the strangeness moments yet which do

the electromagnetic fits. We have then refitted the residues &t affect the isoscalar EM form factors remains to be seen.

the w, ¢, and higher massY') poles in various scenarios in
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