SLAC–PUB–6651 September 1994 (M) An Empirical Fit to the Nucleon Electromagnetic Form Factors^∗

P. E. Bosted The American University, Washington, D.C. 20016 and Stanfor d Linear Accelerator Center, Stanfor d University, Stanfor d, CA 94309

Abstract

We have made an empirical fit to the world data for the proton elastic electromagnetic form factors G_{E p}, G_{M p} for 0 < Q^2 < 30 (GeV/c)^2, and to the neutron electromagnetic form factors G_{E n} , and G_{M n} in the range 0 < Q^2 < 10 (GeV/c)^2.

Typeset using REVTEX

∗Work supported by National Science Foundation Gran t 9114958 and Departmen t of Energy contract DE–AC03–76SF00515.

The elastic electromagnetic form-factors of the nucleon are fundamental quantities that embody the probabilit y for a nucleon to absorb a virtual photon of four-momentum squared Q^2. In the non-relativistic limit, G_{E p}(Q^2) and G_{E n} (Q^2) describe the distribution of electric charge for the proton and neutron, respectively, while G_{M p}(Q^2) and G_{M n} (Q^2) reflect the distribution of magnetization current. A rich body of experiments to determine these form factors dates back to the 1960s, and continues to the present day with ever-improving experimental techniques. Most of the data is for the spacelike region (Q^2 = − q^2 > 0), but recently the timelike region (Q^2 < 0) has been investigated as well. Many models and theories have been developed to fit and/or predict the nucleon form factors, but none provides a good description of all the data. Since the nucleon form factors enter into calculations of most reactions involving electron scattering from nucleons or nuclei (including deep-inelastic scattering through the radiativ e tails), there is a need for a simple but reliable model to describe the present body of data. We present such a model for the spacelike region Q^2 > 0 (GeV/c)^2.

Early experiments quickly revealed a simple parametrization, known as the dipole fit, which described available data to the 20% level or so. Defining

G_D (Q^2) = (1 + Q^2/0.71)^{− 2} (1)

it was observed that

G_{E p}(Q^2) ≈

G_{M p}(Q^2) μ_p ≈ G_{M n} (Q^2) μ_n

≈ G_D (Q^2) (2)

G_{E n} (Q^2) ≈ 0, (3)

where the magnetic moments μ_p ≈ 2.793 nm and μ_n ≈ − 1.913 nm, and we use Q^2 in units of (GeV/c)^2 throughout. The strong similarity in the Q^2 dependence of G_{E p}, G_{M p}, and G_{M n} is known as form-factor scaling.

A compilation of world form-factor data is shown in Fig. 1. The data for G_{M p}/μ_pG_D and G_{E p}/G_D for Q^2 ≤ 7 (GeV/c)^2 are from the global analysis of Walker et al. [1] (solid circles). The global analysis results for Q^2 ≥ 3 (GeV/c)^2 are essentially determined by the recent SLAC experiment NE11 [2]. The final results from NE11 [3]are slightly different from the original ones, but not enough to change the global analysis significantly. This global analysis [1]used improved radiativ e corrections to the older data, and normalized the earlier data to the more precise recent experiments. We observe that in the measured Q^2 range, form-factor scaling G_{E p}(Q^2) ≈ G_{M p}(Q^2)/μ_p seems to work reasonably well, so for Q^2 > 9 (GeV/c)^2 we have used this assumption to extract values of G_{M p} from the forward-angle, elastic cross section measuremen ts of E136 [4](open squares).

2