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Abstract All four nucleon electromagnetic form factors can be very well
described by a manifestly covariant nucleon wave function with zero orbital
angular momentum. The same model gives a qualitative description of deep
inelastic scattering. The results for the G�M form factor of the N ! D transition
are consistent with other quark models.

The recent JLab polarization transfer results [1] showed accurately [2] that the
ratio of the electric GEp to magnetic GMp form factors of the proton is not constant
as Q2, the square of the momentum transfer, varies. Within the light-cone formal-
ism, this lack of scaling was seen as proof that the proton wavefunction must have
orbital angular momentum components L> 0. Do these results mean that the pro-
ton is not round? For an answer we refer the reader to previous work [3]. Here we
simply show that it is possible to construct a pure S-wave model of the nucleon and
the D excitation.

We used the manifestly covariant spectator theory to model both baryons
as systems of three constituent quarks. The wavefunction has a pure S-wave non-
relativistic SUð2Þ � SUð2Þ limit and is built from a basis of fixed-polarization
states. Both these states and the corresponding matrix elements for the current
are covariant. For details, see [4]. The baryon with four-momentum P and mass
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M is described by a wave function for an off-shell quark and an on-mass-shell
diquark-like cluster. The diquark has its four-momentum k constrained by its
on-mass-shell condition. The diquark-quark system has diquark isospin 0 and
1 components �0
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I ¼ �1=2 is the isospin of the quark (or nucleon), and � and � are respectively the
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transition matrix, instead of � . For the spin part of the wavefunction, we use a basis
of ‘‘fixed-axis’’ polarization vectors. The polarization of the diquark is first defined
in the rest frame of the baryon, by an expansion in four-vectors "0ð�Þ with angular
momentum projections � ¼ f1; 0;�1g along the z-axis. When the bound state is
moving, we choose the z-axis to be in the direction of the motion. Then the bound
state four-momentum is P ¼ fEp; 0; 0; pg, where Ep ¼
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The bound state wavefunction C is a matrix element of the quark annihila-
tion operator. Omitting the isospin part, the axial vector diquark contribution
to the wave function (a scalar diquark contribution was considered too) is
CðP; k; "p; �Þ � hk; "pjqð0ÞjP; �i ¼ "�	p ð�ÞG	ðP; kÞuðP; �Þ, where qð0Þ is the quark
field operator and uðP; �Þ is a nucleon spinor with helicity �. In the applications
we have chosen the simple form G	ðP; kÞ ¼ �NðP; kÞ
5
	, where �NðP; kÞ ¼
�NðP � kÞ is a scalar function. Analogously, the S-state Delta wave-function is
CDðP; kÞ ¼ ��DðP; kÞ���P w�ðPÞ, where w� is the Rarita-Schwinger vector spinor.
The calculation of the current matrix element requires the polarization vectors in
the initial and final state to be in a collinear frame. Neglecting exchange currents,
the matrix element of the nucleon current has the form

J� ¼ hPþj j�ðqÞjP�i ¼
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k
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where P� and Pþ ¼ P� þ q are the momenta of the incoming and outgoing bar-
yons and A�

	�ðP�; q; kÞ ¼ G	ðPþ; kÞj�ðqÞG�ðP�; kÞ contains information on the
more elementary constituent quark charges and magnetic moments. The polari-
zation sum is D
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with

b ¼ Pþ � P�; a1 ¼ 1 and a2 ¼ � MþM�
bðMþM� þ bÞ :
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From Fig. 1 we conclude that the data do not require the proton to be
deformed, or that it contains components with L> 0. Still the data give inter-
esting new information about the constituent quark form factors. We predict
that GEp changes sign near Q2 	 8 GeV2. The N-D transition form factors re-
quire L> 0 components: if both the nucleon and the D are spherical G�C ¼
G�E ¼ 0 contrarily to experiment and in agreement with other calculations.
Also, as other quark models do, this one explains only about 60% of G�M at
Q2 ¼ 0. The model is simple but it can be used to study phenomena near the
quark-hadron transition, since a qualitative description of deep inelastic scatter-
ing was also achieved.
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Fig. 1 Data for the nucleon form factors [1] compared with four models: Models I (dotted line) and

II (short dashed line) are based on vector meson dominance for the quark current. Models III (long

dashed line) and IV (solid line) include the two-pion cut contribution from ref. [5]
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