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Neutron electric form factor
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The electric form factor of the neutron is calculated within the framework of a simple
vector-meson-dominance model where certain additional constraints are also applied.

The determination of the electromagnetic struc-
ture of the nucleon has been an important experi-
mental and theoretical endeavor for almost four de-

cades. ' For a given nucleon, i.e., proton or neutron,
this structure is given in terms of two functions,
the electric and magnetic form factors, which are
related to the respective electric and magnetic dis-
tributions. However, the electric form factor of
the neutron, GEE(t), has been particularly difficult
to measure; this is because the total charge of the
neutron is zero and the corresponding electric form
factor is small. In fact, the most accurate experi-
mental measurements on G&E(t) only give the
value of its slope at t=0, i.e., GEtt(0). It should
be pointed out that a knowledge of the neutron
electric form factor is important both in nuclear
physics, where it is needed for accurate calcula-
tions of the charge structure of nuclei, and in
elementary-particle physics, where it provides a
very sensitive test of the breaking of symmetry in
the nucleon spatial wave function. '

The purpose of this paper is to show, within the
framework of a simple vector-meson-dominance
model"' where additional constraints are applied,
that the electric form factor of the neutron can be
determined for spacelike values of t. This calcula-
tion gives a simple representation for GEE(t) which
is very suitable for use in, for example, nuclear-
structure calculations.

As our starting point, we make use of the fact
that both quantum chromodynamics' (QCD) and
quark-counting rules' lead to the following
asymptotic behavior for the electric form factor of
the neutron (up to logarithmic corrections):

GEE(t) — ctt~ —oo

This means that GEE(t) satisfies an unsubtracted
dispersion relation" '

f" to(x)dx
4@2 X —I;

where p is the mass of the pion and tu(x) is the
spectral function. Since the neutron has zero
charge, we have

GtvE(o) =0 . (3)

The conditions given by Eqs. (1) and (3) lead to the
following two sum rules for the spectral function:

f,to (x)dx =0,
" tu(x)dx

4p2 X

(4a)

If, in addition, we use the fact that the slope of
G&E(t) is known at t =0, then a third sum rule is
obtained:

" tu(x)dx
4J

2 X2
(4c)

where the g's are, for the present, unknown con-
stants. The substitution of Eq. (5) in Eqs. (4) gives

(6a)

It should be noted that the sum rules given by Eqs.
(4) are completely general and do not depend on
any particular model for the structure of the neu-
tron.

Our model consists of taking the above three
sum rules and assuming that the spectral function
is saturated by the three lowest-mass vector
mesons, namely, the p, co, and P. Therefore, in the
zero-width approximation, the spectral function is
given by the expression

tu(x)=pm; g;5(x —m; ) (i =p, co,P),
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gg; =0,

g»
=GEE(o) .

i mi

(6b)

(6c)
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The Eqs. (6) are three linear equations in the three
g's and, therefore, can be easily solved. Doing this
and substituting the values for the g's into Eqs. (5)
and (2) gives the following result for the neutron
electric form factor:

NE
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where

A =(mmmm„mII)

B=(m m„) +(mpmp) +(m„mp)

C =m& +m~ +m~2 2 2

Thus, in this model G?vE(t) is determined uniquely
by the masses of the three vector mesons and the
value of the slope of the form factor at t =0.

Let us now discuss the consequences which fol-
low from the representation of the neutron electric
form factor as given by Eq. (7):

(i) G~E(t) has the correct value of the slope at
t =0. (This was one of the constraints which was
built into the model. )

(ii) G&E(t) has the proper asymptotic behavior as
determined by QCD. (Again, this feature was built
into the model. )

(iii) If we use for G?vE(o) the value

G~E(o) = —2&(10 fm

then we find that GNE(t) is positive for spacelike
values of t and takes its maximum value of 0.0542
at t = —0.35 (GeV/c).

(iv) The predicted values for G?vE(t), using Eqs.
(7) and (8), are consistent with all available experi-
mental measurements' '; see Fig. l.

(v) The corresponding charge density, '" which
is essentially the Fourier transform of G?vE(t), is
given by the following expression:

p(r)= gm; g;exp( m;r) . —1

4mr

FIG. I. Comparison of the predicted values of
G&E(t) with selected data taken from Ref. 17. Typical
error flags are shown.

origin, while the maximum of the negative charge
density is at r~ =0.90 fm where p(r~ )= —6X 10
These results are shown in Fig. 2.

In summary, we have constructed a model which
yields a simple functional form for the neutron
electric form factor. Our model has built into it
both the correct asymptotic behavior, as given by
QCD, and the correct threshold behavior, as deter-
mined from experiment. In addition, it gives
values for G?vE(t) which are consistent with. all

available experimental results. For these reasons,
we suggest that GEE(t), as given by Eq. (7), be used
in calculations where a knowledge of the neutron
electric form factor is needed.

Finally, it should be pointed out that the model
of this paper gives no information on the electric
form factor of the proton. It was constructed

Note that the charge density is finite' at r =0 and
has the value p(o) =0.0089. In addition, p(r) has a
simple zero at ro ——0.67 fm. This means that the
neutron has a charge distribution which is positive
for 0 & r & ro and negative for r g ro. The maxi-
mum of the positive charge density occurs at the

FIG. 2. A (not to scale) representation of the charge
density of the neutron: p(o) =0.0089, ro ——0.67 fm,
r =0.90 fm, p(r ) = —6&10
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specifically to provide a good phenomenological
representation of only the neutron's electric form
factor. All of the input for the model was infor-
mation on GNF(t), except for the asymptotic
behavior which followed from QCD and quark-
counting rules. The representation of G&F(t) by
Eq. (7) is superior to other formulas which have

appeared in the literature in that it satisfies all of
the theoretical constraints which one can incor-

porate into this kind of model. Again, it is to be
noted that the distinctive feature of the model,
which sets it apart from other works which have

appeared in the literature, is the imposition of the
asymptotic behavior t . The comparison of
G&E(t), as given by Eq. (7), with the data shows it
to be a good phenomenological representation of
the actual neutron electric form factor.
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