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A limit on the electron-neutrino charge radius jr j is derived from a measurement of the weak-
neutral-current vector coupling constant gl obtained in electron-neutrino electron elastic scatter-
ing. The 90%-confidence interval for gl is —0.177 & gl & 0.187, which for sin 8~ =0.227 implies
that the v, mean-square charge radius is in the range —2.74x10 &(r ) &4.88x10 cm, or
simply jrj &2.2x10 ' cm. This is the first experimental bound on the v, charge radius, and is

the same order of magnitude as bounds for v„structure.

Evidence for electromagnetic interactions of neutrinos
~ould provide an elegant and simple signature of physics
beyond that predicted by the minimal standard model. A
natural place to seek this evidence is in neutral-current
neutrino reactions. ' The most sensitive searches have
concentrated on limits for the two lowest-order elec-
tromagnetic moments: namely, the magnetic (dipole) mo-
ment and the charge radius of the neutrino. This work re-
ports the first experimental bound on the electron-
neutrino charge radius.

In contrast with the neutrino magnetic and electric di-
pole moments, the neutrino charge radius is not a gauge-
invariant quantity. Nevertheless, an acceptable and
measurable neutrino charge-radius form factor has been
defined for low-q laboratory interactions. This
effective charge radius is defined by the radiative correc-
tion to the weak mixing angle measured in neutrino-
electron scattering; it is measured as an additive correc-
tion to the efI'ective weak-neutral-current vector coupling
gy. " A nonzero charge radius shifts g~ from its un-

corrected value of gv= —2+2sin28w to gv= —
2i

+2(sin 8tv+8) where sin 8tv is the weak mixing angle
measured in nonneutrino interactions. The numerical re-
lation of the radiative correction b to the charge radius is
b=(J2tra/3GF)(r ) =(2.39x10 cm ) (r ). It is im-
portant to note that a second convention exists that is
equivalent except for a factor of 2 difference in the nor-
malization of (r 2). 5

The charge radius results in an interference between the
weak and electromagnetic interactions, so (r ) can be ei-
ther positive or negative. The charge-radius radiative
correction is nonzero even in the standard model, due to
the contributions from higher-order diagrams involving
exchange of Z and 8' —.' DeGrassi, Sirlin, and Marci-
ano estimate this effective charge radius is ir i

=4
x 10 ' cm for the electron neutrino. Observation of an
anomalous charge radius greater than this could indicate
neutrino electromagnetic structure beyond that expected
in the minimal standard model.

This experiment measured gi and searched for evidence
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of a neutrino charge radius in v, e elastic scattering. A
15-metric-ton tracking calorimeter providing 4.94+0.07
x10 target electrons was exposed to 9.16~0.67x10'
v, /cm from p+ decay at rest in the LAMPF beam stop.
The neutrino flux also included equal intensities of v„and
v„ from rr+ and p+ decay. Detailed descriptions of the
flux calibration, the detector, and the trigger and data
analysis have been published.

The neutrino-electron elastic-scattering signal is ob-
tained from a multiparameter fit to the two-dimensional
observed recoil electron angle and energy distributions,
assuming contributions from the signal, and cosmic-ray,
neutrino-nuclear, and neutron-induced backgrounds.
The observed electron-recoil angular distribution after
cosmic-ray and beam-associated backgrounds have been
subtracted is shown in Fig. 1. The fitting procedure esti-
mates the elastic-scattering signal to be 295 ~ 35 events,
as shown by the solid line in Fig. 1. The elastic-scattering
rate includes contributions from v„e and v„e. As the
muon-neutrino and -antineutrino contributions have oppo-
site (anticorrelated) dependence on sin28~, the back-
ground subtraction of their sum is essentially insensitive to
the assumed weak inixing angle. The measured cross sec-
tions' " for muon-neutrino and -antineutrino elastic
scattering are used to determine the background contribu-
tion of 61 9 events, which is shown as a dashed line in
Fig. 1.

There are 234 ~ 35 v, e ~ v, e elastic-scattering
events remaining after the subtraction. The experimental-
ly observed v, e elastic-scattering rate R depends on the
weak-neutral-current couplings (gv, gq ) through the total
cross section and detector acceptance according to

R = x ~p teL (2+ (gy+ gg ) 1 '+ —,
' e~ (gv —

gg ) 'l . (1)

In expression (1), x is the product of the integrated neu-
trino flux and the electron target thickness,
4.53 ~ 0.33 x 10 s cm, rr p

=GFm, E,,/2rr = 1.36 x 10

cm, and eL R are the spectrum-averaged detection
efficiencies for left-handed or right-handed recoil elec-
trons, respectively. ' The detection efficiencies, averaged
over the neutrino flux, are evaluated by a Monte Carlo
simulation to be eL =0.167 + 0.009 and eg =0.037
+ 0.002.

After replacing gz by its standard-model value,
g~ = ——,', Eq. (1) can be reexpressed as a quadratic
equation for g&.

(eL + T eR )gV+ ( 2 eL+ T eR )gV

+ (4 ei+ i'~ eR)—

which is solved as gv =0.003. A Monte Carlo method is
used to establish confidence intervals for gv-. Equation (2)
is solved for gz while allowing the uncorrelated quantities
R, x, and e to independently fluctuate (with Gaussian
widths of 15.0%, 7.4%, and 5.0%, respectively) about their
central values. Figure 2 shows the resulting distribution
for 10 trials. If P(V) is the probability of obtaining
gv. =V with this method, the 90%-confidence region is
defined such that the lower limit (LL) and upper limit
(UL) satisfy

r 0.003 t UL
P(V)dV= P(V)dV=0. 45.

The 90%-confidence interval measured by this experi-
ment —0.177 &gv &0.187 is delimited by the dashed
lines in Fig. 2. The present world data for the masses of
the W —and Z yield sin 8~ =0.227; ' thus, the vector
coupling without radiative corrections is gv= —0.046.
Comparison of that value with the measured confidence
interval from this experiment shows that the radiative
correction defined in the second paragraph is in the range—0.131 & 28'& 0.233. This leads immediately to the lim-
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FIG. l. The angular distribution of recoil electrons after
background subtraction. The solid line is the fit result, 295 ~ 35
elastic-scattering events. The dashed line is the contribution
from 61 (v„+v„)e events.

FIG. 2. Probability distribution for gI measured by the
Monte Carlo method described in the text. The central value is
indicated by a solid line, the 90%-confidence interval is between
the dashed lines. The standard-model prediction for
sin 8~ =0.227, g& = —0.046 is shown by the inverted arrow.
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its
—2.74x10 & (r ) &4.88x10 cm (90% C.L.) .

(3)
Thus, the v, charge radius is ~r ~

& 2.2 x 10 ' with
90/o confidence, which represents a new upper bound on
the dimensions of internal structure of the electron neutri-
no. This result can also be interpreted directly as an
upper limit against a possible v, anapole moment. The
limits obtained here for the electron neutrino are compa-
rable to the bounds on the muon-neutrino charge radius
set separately by the Brookhaven experiment '

( —2.81x10 & (r ) &0.51x10 cm, see Ref. 14)
and by the CHARM Collaboration" ( —2.70x 10
& (r & & 2.11x10 cm, see Ref. 15). Although these

results provide an upper bound on possible internal dimen-
sions of the neutrino, an order of magnitude improvement
in the experimental precision for g~ is necessary to allow

direct tests of the radiative-correction scheme in the stan-
dard model.
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