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Recent experimental data on spacelike and timelike form factors of the nucleon are analyzed in terms of a
two-component model with a quarklike intringig structure andjq pairs.
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Recent experiments on the electromagnetic form factorgn the meantime, the development of perturbative QCD
of the proton[1,2] and the neutrori3] using the recoil po- (PQCD [12] has put some constraints on the asymptotic
larization technique have shown a dramatically different pic-behavior of the form factors—namely, that the non-spin-flip
ture of the nucleon as compared with a previously acceptetbrm factor F;—1/Q* and the spin-flip form factor,
picture [4,5]. Leaving aside the question of whether or not — 1/Q8. This behavior has been very recently confirmed in a
the experimental results are in disagreement with each othgrerturbative QCD reanalysj&3]. The 1973 parametrization,
[6], which is the subject of many theoretical investigationseven if it was introduced before the development of PQCD,
related to the role of two-photon contributiofig, the new  had this behavior. In modifying it, we insist on maintaining
experiments for the protofi,2] are in excellent agreement the asymptotic behavior of PQCD and introduc§§1a term
with a model of the nucleon put forward in 1978 wherein  of the typeg(Q?)/(1+yQ?). The parametrization we use is
the external photon couples both to an intrinsic structure ancherefore
to a meson cloud through the intermediate vector mesons
(p,w,¢). On the contrary, the new experiments for the neu- 5 5 m m;
tron [3] are in agreement with the 1973 model up @3 (Q) —g(Q) 1=Bu=Be* 'meZJ,QZ By 2+Q2
~1 (GeV/c)?, but not so for higher values @2 [9]. It is of
great current interest to understand whether a modification of 2
the 1973 parametrization can bring the calculation in agree- V(A2) = 2
ment with both proton and neutron data. Fi(Q)= (Q ){1 Bo* By 2+ QZ]

We use the formalism di8] and introduce Dirad-;(Q?),

and Pauli,F,(Q?), form factors. The observed Sachs form 1 2
factorsGg and G, can be obtained fronf; and F, by the F?(QZ) = —g(QZ)[(,up tun—l-a) 55
relations 2 m,+Q
2
Gy = (FS+F) + (FS+FY), FPLLL"
p ‘Pmi + Q2

Ge, = (FI+FY) ~ 7(F3+F), ,
(Mp—,un—l—ap)_l_a my
1+yQ? 'm’+ Q?

1
FY(Q?) = =g(Q?
GMn - (Ff_ FY) + (Fg_ F\Z/), Z(Q ) zg(Q )|:

(2)

with u,=2.793 andu,=-1.913. This parametrization en-
where we have introduced the isoscal¥, and isovector, sures that the three-quark contribution to the anomalous mo-
FV, form factors and used= Q2/4M2 ment is purely isovector, as given by @) For the intrinsic

In 1973, the Dirac form factor was attributed to both theform factor we usey(Q?=(1+yQ? 2 This form is consis-
intrinsic structure and the meson cloud, while the Pauli formtent with PQCD and in addition is the form used in our
factor was attributed entirely to the meson cloud. Since thisipproach to the intrinsic three-quark structure by means of
model was previous to the development of QCD, no explicitalgebraic method§l4]. The values of the masses here are
reference was made to the nature of the intrinsic structure. Ithe standard onesm,=0.776 GeV, m,=0.783 GeV, m,
this article, we identify the intrinsic structure with a three- =1.019 GeV. The flve coefficien,, 8., B, a,, @, and the
valence-quark structure and reanalyze the situation. In paralue of y are fitted to the data. Before comparlng to the
ticular, we study the question of whether or not there is adata, two modifications are needed in E2). The first modi-
coupling to the intrinsic structure also in the Pauli form fac-fication is crucial for the smalQ? behavior and arises from
tor F,. Relativistic constituent quark models in the light-front the large width of thep meson. This is taken into account as
approach 10,17 point to the occurrence of such a coupling. in [8] by the replacemertl5]

G, = (F3-F)) - 7(F3-F)), (1)
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FIG. 2. Comparison between experimental and theoretical

FIG. 1. Comparison between experimental and theorenc"’lgpacelike nucleon form factors. Top panel: the neutron magnetic

spacelike nucleon form factors. Top panel: the proton magneti
form factor GMp/ #pGp. The experimental values are taken from
[4]. Bottom panel: the ratiQquEp/GMp. The experimental data
included in the fit are taken frorf2] (solid squares Additional
data, not included in the fit, are taken frdi (open circle$ and
[17] (open triangles The solid lines are from the present analysis
and the dashed lines frof8].

2

2
m; m +8I',m /7

M+Q@ i+ QP+ (4P + QAT a(QA/m,,’

)

with
- g{4m§,+QT’2 (\r’4m,27+Q2+ @)
Q) =— 9 In o A

Since our intent is to compare wiff8], we use the same
value of the effective width’,=0.112 GeV.
The secondnot important for the present range QP

measuremenlds the logarithmic dependence of pertubative uf

QCD. This can be taken into account by the replacement

LIN[(A2 + Q)/AEcp]
IN[AZAZcpl

Q- , (5
with A=2.27 GeV andAqcp=0.29 GeV [16]. Since this
change gives rise to small corrections belo@?
=10(GeV/c)?, we neglect it in the present paper.

We have determined the five coefficiengs, 8,,8, and
@,,a, and the parametey by a fit to recent data on electro-

form factorGMn/,unGD. The experimental data are taken fr¢2d].

Bottom panel: the ratiqu,Gg /Gy . The experimental data are

taken from[3]. The solid lines are from the present analysis and the

dashed lines fron8].

data for the ratio§p=,quEp/GM and Rn=MnGEn/GMn and
Rosenbluth separation data, mostly from SLAC,(’B;up and
Gy, as well as some recent measurement@,g)nf The data
actually used in the fit are quoted in the captions to Figs. 1-3
and are indicated by solid squares in those figures. The val-
ues of the parameters that we extract #@g=0.512, 8,

=1.129, B,=-0.263, a,=2.675, «,=-0.200, and y
0.1 :
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FIG. 3. Comparison between experimental and theoretical

magnetic form factors. Because of the inconsistencies bespacelike nucleon form factors: the neutron electric form fa@ior

tween different data sets, most notably between those obrhe experimental data included in the fit are taken fj@gj (solid
tained from recoil polarization and Rosenbluth separationsquares Additional data, not included in the fit, are taken frg&j
the choice of the data to which to fit plays an important role(open circlesand[23] (open triangles The solid lines are from the
in the final outcome. We have used recoil polarization JLalpresent analysis and the dashed lines f{&in
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FIG. 4. Comparison between experimental and theoretical time- FIG. 5. Comparison between experimental and theoretical time-
like nucleon form factors. Top panel: the proton magnetic formlike nucleon form factors. Top panel: the neutron magnetic form
factor|Gy | The experimental values are taken fr§®d] under the  factor |Gy, | The experimental values, not included in the fit, are
assumptlon\GE| |Gu |. Bottom panel: the proton electric form taken from[31] under the assumptiojGg |=0. Bottom panel: the
factor \GE |. The solid lines are from the present analysis and theneutron electric form factotGE |. The solid lines are from the
dashed lines fronfi29]. present analysis and the dashed lines fiasy.

=0.515(GeV/c)™2. These values differ somewhat from those q d . G /G b q
obtained in the 1973 fit, although they retain most of their ata, 0”2 neeas tal) measure uy E,/ M, DEyon
properties—namely, a large coupling to themeson inF; 6 (GeV/c)~ (this is the approved JLab experiment E01-109

and a very large coupling to the meson inF,. Also the  [24]), (i) measureGy, beyond 2(GeV/c)? (this experiment
spatial extent of the intrinsic structure is somewhat largeis in the course of analys[Qﬂ) and (i) measureGg be-

than in[9], (r?)Y2=0.49 fm instead 0f=0.34 fm. yond 1.4(GeV/c)? (this is the proposed experiment JLab
Figure 1 shows a comparison between the calculatioiPR04-00326]).
with parameters given above and proton data Ry Recently it has been suggested that timelike form factors

:,quE /GM (bottom panel and for Gy, /,quD, where  be also used in a global understanding of the structure of the
G (1+Q2/0 7172 (top pane). In this flgure the 1973 cal- Nhucleon[27,28. The timelike structure of the nucleon form
cuDIatlon with no direct coupling t&Y, is also shown. One factors within the framework of the 1973 parametrization has
can see that the inclusion of the direct coupling pushes thBE€N recently analyz¢@9]. We use here the same method to
zero in R, to larger values ofQ? [in [9] the zero is at analyze the timelike structure of the form factors discussed

-3 (GeV/c)] We note that any model parametrized in in this Brief Report. The method consists in analytically con-

terms of F; and F, will produce results forR, that are in tinuing the intrinsic structure (28]

qualitative agreement with the data, such as a soliton model 1

[18] or relativistic constituent quark model$0,19. Pertur- 9(g®) = 1= 87" (6)
bation expansions of relativistic effects also produce results d

that go in the right directiofi20]. Figure 2 shows the same whereg?=—Q? and ¢ is a phase. The contribution of the
comparison, but with neutron data: fﬁFMnGEn/GMn (bot-  meson is analytically continued f<u;2>4m2 as[15]

tom panel and forGMn/ M“nGp (top panel. Contrary to the 5
case of the 1973 parametrization, the present parametrization mp m + 8T my/m

is in excellent agreement with the neutron data. This is em- N~ o7 m2 q? + (4mZ ~ AT [a(®) ~iB(eD))/m,’
phasized in Fig. 3 where the electric form factor of the neu- (7)
tron is shown and compared with additional data not in-

cluded in the fit. However, as one can see from Fig. 1, thavhere

excellent agreement with the neutron data is at the expense 22 [ (P arE e P
of a slight disagreement with proton data. To settle the ques- P = _{ q° - 4m; } n ( Vg~ - 4mZ+ g )
tion of consistency between proton and neutron spacelike o 2m '

m
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. [g?—4m future use in the extraction ¢Gy | and|Gy, | from the data.
Ba) = @ ®  This figure shows that the aspsumptiolﬁEp|:|GMp| and
S o |Ge | =0 used in the extraction of the magnetic form factors
Our results fqr timelike form factors are showr) in Figs. 4 andfrorrﬁ the experimental data are not always justified.
S toge_ther with those of29). The phase obtalnedo from'a In conclusion, we have performed a reanalysis of the
best fit o the proton data '920'39Z rad':22.7. » again - combined spacelike and timelike data on the electromagnetic
somewhat different than the valu_%3 obtained in29). _It form factors of the nucleon and found that one can obtain a
should be noted that the correction to the laggedata dis- 504 it 1o the spacelike neutron form factors measured re-
cussed in[29] has not been done in these figures. One cagyy Kyt this is at the expense of a slight deterioration of
see from these figures that while the proton form fahﬁw the fit for proton spacelike data and especially a failure to
obtained from analytic continuation of the present parametrigjescribe neutron timelike data. The picture emerging from
zation is in marginal agreement with data, the neutron formpe fit reported here is that of an intrinsic structure slightly
factor|GMn| is in major disagreement. This result points ONCe|arger in spatial extent than that (], (r2Y2=0.49 fm in-
more to the inconsistency between neutron spacelike angead of 0.34 fm, and a contribution of the meson clygl
timelike data already noted by Hammet al. [32] and in pairg slightly smaller in strength than that do], a
[29]. A remeasurement of neutron timelike data at-»5 g75 instead of 3.706. P
FRASCATI-DAFNE [33] would help resolve this inconsis-
tency. The result presented here is in contrast with that of the This work was supported in part by Conacyt, Mexico, and
1973 parametrization, which was in good agreement withn part by DOE Grant No. DE-FG-02-91ER40608. We wish
both proton and neutron timelike form factors. In Figs. 4 andto thank Richard Madey for having stimulated our work and
5, the electric form factorBBEp| and|Gg | are also shown for  Kees DeJager for his continuing interest.
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