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Measurement of the neutron electric form factor via recoil
polarimetry
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Abstract. The ratio G¢ /Gy, of the electric to the magnetic form factor of the neutron has been measured
by analyzing the polarization of the recoiling neutron in quasi-elastic scattering of longitudinally polarized
electrons from deuterium at the Q? values of 0.45, 1.15, and 1.47 (GeV/c)?. The experiment has been
performed in Hall C of the Thomas Jefferson National Accelerator Facility. With G}, being known G can
be deduced. The preliminary results show that the lowest Q2 points follow the Galster parametrization
and that the 1.47 (GeV/c)? point rises above this parametrization.

PACS. 13.40.Gp Electromagnetic form factors — 14.20.Dh Protons and neutrons — 24.70.+s Polarization
phenomena in reactions

1 Introduction data was unsatisfactorily severe for G, the electric form

factor of the neutron. In the last years, however, substan-
The electromagnetic form factors of the nucleon are funda-  tia]l progress has been made by developing high-quality
mental quantities in hadron pysics. In the past the lack of polarized electron beams and efficient neutron polarime-

ters allowing the measurement of the interference term in
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Fig. 1. Experimental set-up.

polarization experiments and extracting the electric form
factor with small systematic and statistical errors.

2 Experimental method

A sketch of the experimental set-up is shown in fig. 1.
A beam of longitudinally polarized electrons scattered
from a 15 cm liquid deuterium target. The scattered elec-
trons were detected and momentum analyzed in the High-
Momentum Spectrometer (HMS) of Hall C in coincidence
with the recoiling neutrons, the polarization of which was
measured in the polarimeter NPOL. NPOL consisted of
an array of front detectors (20) and two arrays of rear
detectors (12 each). It made use of the spin-dependent
scattering of the neutrons in the front detectors resulting
in an up/down asymmetry which is proportional to the
transverse component of the polarization vector.

The 100cm x 10cm x 10 cm dimensions of each front
detector were small enough to permit high luminosity.
A double layer of thin tagging detectors directly ahead
of and behind the front array identified charged parti-
cles. Each layer of the rear array consisted of two central
scintillators, each 25.4cm x 10.16cm x 101.6 cm, with a
50.8 cm x 10.16 cm x 101.6 cm scintillator on each side. A
10 cm Pb curtain attenuated the flux of electromagnetic
background from the target. The two sides of NPOL were
shielded by ~ 1.2 m concrete, the rear and front shielding
consisted of steel blocks of ~ 1.3 m thickness. A colli-
mator in the front shielding prevented the rear detectors
from direct sight to the target. The mean flight path for
the neutrons was 7 m. Rejection of inelastic events was
accomplished with two cuts: a missing-momentum cut of
less than 100 MeV /¢, and a relative momentum bite dP/P
of —3% to +5%. The resulting solid angle for NPOL was
10 msr. Throughout the experiment NPOL remained posi-
tioned at 46 degrees relative to the beam. For the different
Q? values the beam energy and the HMS angle and mo-
mentum were adjusted accordingly.

The polarization vector of the neutrons leaving the tar-
get lies in the scattering plane. The longitudinal compo-
nent is given by kinematics when G7 is negligible. The
transverse component is proportional to the ratio GZ/GZ,.
The dipole magnet Charybdis was positioned between the
target and NPOL and the field was vertical. The inter-
action of the neutron’s magnetic moment with the field

The European Physical Journal A

0.12 T I T T
B JLAB d(e,e’n) O Bates d(e,e’n)
0.10 PRii?;{onaiRY * Mainz d(ff’;) A3 §
¢ NIKHEF d(e,e’ n)
O Mainz *He(e,e’n) A3 |
0.08 @ Mainz 3}{;(;,3’ n) Al
0.06 * MainzAdA(E,e‘E) A3 )
g = X JLAB d(e,e'n) E93-026
Galster
0.04 S~ 1
A R
0.02 ST
0.00 froeeiees B E - Fo B 1
-0.02 . .

0.5 10 15
Q* [(GeV/c)¥]

Fig. 2. World data on G? vs. Q? as obtained from polarization
experiments. The points on the abscissa are projections.
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resulted in a precession of the polarization vector by an
angle x.

When a pair of asymmetry measurements with two
different precession angles is taken, the ratio ¢ = G2 /G”,
can directly be expressed as a function of the precession
angles x and the ratio n of the corresponding asymmetries
&. We chose the precession angles

x = 0°/90°, n==%&/§0, g=-K-n  and
X =—40°/+40°, n=¢ /&, g=—K-tany- 5,

where K is a known kinematical factor. A remarkable ad-
vantage of the ratio technique lies in the fact that in the
ratio of the asymmetries the analyzing power and also
the beam polarization cancel, provided the latter is sta-
ble.This has been verified by repeated measurements with
the C beam-line Mgller polarimeter.

3 Scattering asymmetries

An event is generated by a triple coincidence between an
electron in the HMS, a neutral particle in the front array
and either a neutral or charged particle in one of the rear
arrays. TOF spectra were recorded for the time of flight
between the HMS and a front detector (ctof) and between
the front detector and a rear detector (dtof). These spec-
tra allowed the subtraction of accidentals. The four dtof
spectra (up, down, + helicity, — helicity) contain the in-
formation from which the asymmetry is extracted. From
the yields in the dtof peaks, the ratio r is calculated, which
is the ratio of the two geometric means (N; N)'/? and
(Ny N2, where NiE, N5 are the number of events for
nucleons scattered up (down) when the beam helicity was
positive (negative). The physical asymmetry is then given
by (r —1)/(r + 1). By this method inherent asymmetries
like different solid angles for the rear arrays or a beam
charge asymmetry for the two helicity states cancel.
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4 Preliminary results

In fig. 2 our preliminary results are plotted vs. Q2 to-
gether with the current world data for G from polar-
ization experiments [1-9]. The data from E 93-038 follow
the Galster parametrization [10] up to 1.15 (GeV/c)? and
rises above at 1.47 (GeV/c)?. Schiavilla and Sick [11] ex-
tracted values for G from the nuclear physics data on
the quadrupole form factor of the deuteron and obtained
results up to Q> ~ 1.65 (GeV/c)? consistent with the
Galster parametrization. Our data together with those to
be expected in the near future (Mainz, JLab) constitute
a challenge for theoretical nucleon models [12-19], which
must be able to reproduce all four electromagnetic form
factors of the nucleon. They also allow a better determina-
tion of the interior charge distribution of the neutron [20].
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