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We report results on the woak neutral current parameters for the purely

leptonlc channels
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where g and g. are the vector and axial vector couplings of the e lectron to
the neutral intermediate vector boson and p Is a parameter expressing tne
neutrino coupling. In tnVstandard Model of Glashow-Welnberg-Salao the values

are N-x

• I " " J! ev" < - i * ^ " 2 8 H V * - ^

An Important consequence or th is model i s the'"S^ct that the rat io of the
cross s ec t ions (3) Is given by \

o(v .
o(5 e)• ' L 1 - 4sin lJ8 l( ^ U s i n ^ J

(4)

Abstract

Measurements are made of the purely leptonlc weak neutral current
processes vy • e" -* vu • e" and v + e" » v + e". Cross
sections, the vector and axial vector couplings, and the Standard
Model parameters sin ew and p are determined. Results are:
W = 1.60*0.29*0.26, "0(vu) « 1.16*0.2010.111 (both in units
of 10" em /CeV), g® = -0.079*0.060, g° = -0.183*0.0112, p =
0.967*0.082, sin28 > 0.209*0.02910.013.

(Presented at XSth Rencontre de Moriond, Les Arcs, France; 15-23 March 1985)
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R i s thus a quantity Independent of p, depending only upon sin 0^, and free
froa the complications of Q.C.O.

An addit ional , Important practical rosult i s that the error in s in 8 i s
given by

A(sln28 ) * §• (AR/R) (5)

when sin o Is near 0 .23 . Hence, an eight percent error on AR/R would lead to

A(sln 0 ) -' 0.01 and corresponds to an equivalent error in intermediate vector

boson masses of about 1.2CeV/c . In pract ice , s ince the absolute f luxes of

neutrinos are not known, the cross sect ions of reactions (1) and (2) are

normalized to the well measured quas i - e las t i c cross sect ions for « + n *

u~ • p and v • p •+ u + n. The practical l imit on the systematic error of

this approach i s determined by the knowledge of the i n e l a s t i c subtraction for

these channels.
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This experiment (ACS E-734) was carried out at the alternating gradient

synchrotron (A.G.S.) of the Brookhaven National Laboratory (O.N.L.). The

neutrinos were1 obtained using a pulsed horn for focussing into a wide-band

beam spectrum of average energy l.SGeV (1.4GeV) for neutrinos (anti-

neutrinos). The intensity was about 10 neutrinos per GeV - a - 10

protons-on-target; this la sufficient to produce about one neutrino

interaction («-0T) per second In the 80 fiducial Htons of our detector.

The cost important requirements for achieving a good signal to noise

for reactions (1) and (2) are angular resolution and a measurement of dE/dx

early in the electromagnetic shower to distinguish between electron*- and

photon-initiated events.

From the point of view of systematic errors, the relative normalization

in the flux ratio >(v)/*(v) ia dominant; the systematic error in the electron

signal ratio, N (v)/M (v), canceling almost exactly.
11The detector has been designed and constructed with the above points in

mind. It Is a very fine grain, fully active (liquid sclntillator) electronic
device of 200 Htons (80 Htons fiducial) with an effective radiation length of
60 co (real space). The angular resolution (achieved with arrays of "-15,000
drift tubes) Is i ^ » (16 urad)//£(CeV); this i s less than one half the
kinematic limit for reactions (1? and (2), The energy resolution of the
electromagnelc showers i s determined (2000 cells of liquid sclntil lator) to be

AE /E. - <13%)/'E (GeV). For particle identification. dE/dx ia measured ine e 6

both the drift tubes and acintillatord which provide six measurements in the
early part of the shower on 90* of the electrona. Out-of-time background
(neutrons, cosmic rays, muon decays) are discriminated against by ±2 nsec
timing and two-hit electronics. Additionally, a magnetic spectrometer at the
end of the detector measures the beam composition for v and v . The energy,
angle and particle identification have been verified with appropriate test
beam exposures.

The kinematics of reactions (1) and (2) i s particularly distinctive;
given in an obvious notation by

(6)

Thus there ia a kinematic limit in E vs. 9 space of

V e i 2me (7)

At A.G.S. energies, this Implies an average electron angle of roughly 40

ollllradlans.

The backgrounds are donlnated by beam contamination of v (v ) and by
e e

neutral current production of pl- ieros. There Is a small contribution from
very low energy mis-identified hadrons. The v (v ) background occurs

primarily via v (v ) + n(p) •• e (e ) + p(n) and Is supressed by second prongs.

Paull exclusion, energy and angle cuts. The pl-zero neutral current

production occurs domlnantly through the 3/2 - ill Isobar channel; however, i t

AGS energies coherent production (a severe problem atFN'AL and CERH energies)

la small with no forward peak. The pl-zero background Is suppressed by

multiple photon conversions and energy-angle cuts as well as by dE/dx

discrimination. All the backgrounds are nearly f lat In 6 whereas 96fi of the

signal i s contained within 62 < o.OKrad)2.
' 18

The results reported here derive from exposures of 8.8 x 10 (v ) and
1 9 " ' 1*

3.5 x 10 (v ) .protons on target. This corresponds to about one-third of our
neutrino data and al l or our present anti-neutrino data. The analysis
procedure and data flow Is Illustrated In Figure 1.

Guided by the kinematic conditions stated in (S! and (V) we plot in
Figure 2 the resulting e' distributions. A clear signal peak at small 82 uponf

an approximately flat distribution i s visible in the samples containing
domlnantly electrons (Fig. 2s and 2c), while the distribution of the mainly
photon samples (Fig. 2b and 23) i s seen to be without significant small angle *
enhancement. To extract the number of events in the signal region.
(>e < O.OKrad)2, we have determined the backgrounds In the region 0.01 < 8 ( <
0.03(rad) and extrapolated them into the signal region. The fraction of
photons in the signal region (typically, 38% of the total background in that
region) Is calculated directly from the electron-photon selection process.
The remaining background In the signal region Is attribute* to ve(v>e)
quasl-elastlea and to low energy hadrons that scatter inelastlcally or are
attended by small showers (typically for v e , 44% quasi-elastic and 18*
hadrons). The electron quasi-clastic component was obtained from a Monte
Carlo calculation that satisfactorily describes data used In our oscillation

1\ 2
study. After background subtraction, which was done fitting the e{

distribution to the sum of the background components (taking the photon and

low energy hadron distributions as f lat) and the expected shape of reaction

(2) Including angular resolution, a signal of 59sio events remains. Two other

independent methods were used to perform this extraction and achieved

excellent consistency. Following a similar procedure a signal of 51s9 events

were found for reaction (1). Thesr signals must be further corrected for

acceptance, filter-scan efficiency, cuts, and "wrong sign" neutrino bean

contamination ~ typically, a total correction of a factor of two.



In order to normalize tho fluxes and determine the cross sections ue 1130
a sample of charged current quasi-elastic v (v ) events sampled uniformly
throughout the running. He also measure the shape of v and u spectra for
use in calculating appropriate averages. These samples are selected to be of
low-Q by requiring for the ouon: o < 13°, p > 400HeV/c, a single prong at
vertex and the vertex contained in the same fiducial volume as that used for
the v (\> ) - e signal. These normalization samples must also be corrected
for acceptance, (0.161.009 (v ) and 0.29±0.008 (v ) and backgrounds (0.31*.03
(v^) and 0.281.03 < o ) .

Combining the signal and normalization data, we obtain

%

( v . )

>

m ~ -

- e
E-

- 1.6010.29 Stat.10.26 Sys. x

1.16*0.20 Stat.±0.14 Sys. x

leading to the ratio

Stat.tO.17 Syst.

and

sin e - 0.20910.029 Stat.i 0.013 Sys.

Figure 3 i l lustrates the functional relation between R and sln2e as well as
the principal values and their errors. The best value for the parameter p i s
0.96710.082 at this value of 3ln26 .

This result for the weak mixing parameter Is In good agreement with that
of CHARH3' collaboration. Combining our result (E-734) with that of CHARH
leads to »ln2»w (combined) - 0.212J0.C23.

As was mentioned previously, the model independent couplings, ge and g*.
can also be extracted from these data. Figure 4a shows the el l ipt ic bands
allowed by this experiment. The four-fold ambiguity represented by the
Intersection of the bands i s removed by the v - e reactor data*' and the
combined e e + \> v asymmetry experiments. The single resulting solution
derived from this experiment Is shown with 67% and 90% C.L. contours in Figure
4b; it yields the values

g, - -O.483tO.O42

As is to be expected, these values are consistent with the C-W-S weak

lsospln assignments for the electron with T,, » - 1/2 and T,n • 0.
3L 3R

What i s tho ultimate limit of this typo of experiment and this ono in
particular? Can ono hope to obtain errors on oln 0 significantly smaller
than the radiative corrections? Currently, our precision i s limited by the
numbers of v e and v e events; however, ultimately backgrounds in the
normalization samples dominate. These backgrounds arise from the presence
of charged-current soft slngle-plon and multlplon events. Our present error
on the v /v flux ratio as determined from the u~p/u n ratio i s estimated to
be 91; more than half of this arises from uncertainties in pion production
cross sections and nuclear effects. Thus, while there i s s t i l l room for
improvement, the range i s not great. The contribution to the uncertainty in R
from systematic differences In the treatment of u e and u e samples Is 8*;
improved knowledge and understanding of our f i l ter process gained during this
analysis wil l lead to significant reductions when tho remaining data Is added
to these and processed in a common way.

Another, large data taking run i s scheduled for autumn 1985 this should
bring the total number of events to 300 (v ) and ISO (\> ) leading to aR/R of
perhaps 0.08 and A(sin"0 ) ^ 0.01. While some further improvement in
normalization backgrounds i s possible, this experiment with the present
detector size and available running tide will not reach a level of +0.003
without a herculean effort.
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Angle gquarcd diatrlbution of
showers. dE/dx separated events are:
photon candidates, (b) and (d);
electron candidates, (a) and ( c ) .
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a) Neutral current couplings, allowed
regions (tnls experlJ&ent only).
Cro33 hatched regions consistent troa
ve-e experiments, b) Only solution
allowed bj this ezperinent consistent :
witb ve-e and ef»~ experiments. See '
text for best f i t ralues.
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