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ABRSTRACT

Maasurenente af the cross sections for neutrine and
antinautrino elastic seattering by both electrons and ﬁrotuns are
prasented, Theme measuremants were done at the Brookhaven AGS by
tha E734 Collaboration (Brookhaven/Brown/KEK/Osaka/Fennsylvania/
Stnpy‘Brnck).i Thesé.resﬁlts are then used to determine thw waak

mining angle sinze".

1. Intraduction

This paper presents measurements of the cross sections for
navtrino and antinuatrine acattering by both electrons and orotons.

In the standard electrowaak modelz, the ratio of the purely léptohic

weak neutral-current reactions

z_/
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iw given by
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A measuremsnt of R, whicH we report in this paper,. is used te
daetermina sinzew. As many systematic errors in the analysis of the
data of reactionas (1) and (2) and their normalization cancel in the
ratio, the precision of sinzé:*w is primarily determined by the numbar
of events in the two reactions &nd not by wither systematic or
theoretical uncertaintias.

The nucleon neutral -current reactions

v+ v,p 4)
and
;ppuﬁ §”p : . £~ I

depend on the vector and axial vector form factors FICQE), ?2(92).
and FA(QE),and on sinaew. The véctor form factors are obtaiped
using CVC to express the charoed current weak form factors in terms
af the proton and neutron electromagnetic form factors measurad in
electron scattering. If one negiects neutral cuwrrent contribuations
froa heavy gquarks, the axial vector form factor is the sam2 as that
determined in quasielastic neutrino scattering (v“n + 0 P

Reactions (4) and (5) are correlated with regasrds to FA and

anticorrelated with regards to ainzew. Measuring both reactions
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cobicuwrralatad with regards to uih‘aw. Measuring both reactions
’ [
aeseminegs both parameters with a limited correlation betwean sin‘eu
wred R a .
e Exserimental Setup

The newtrine interactions were observad in a massive high
Jantlution targatmdetgctar in a broad band neutrino beam of mean
wnérgy 1.5 BeV at the Braookhaven Alternating Bradisnt Synchrotron
{(AB8Y. The detactors consists of 112 4 m % 4 m modules of liquid
scintillator and crossed proportional drift tube (PDT) plan@s,‘
fcllawed.by a shower detector and +finally a large aperture muon
spactromrter. Each module is about 1/4 radiation lengths long. It
pPoURBBERR onergy and angular resolutions for electromagnetic showsra

- 1/3 /2
of AEelEa = 0.1.-!/Ee

and ab = 14 mrad/E. with E. in GeVY. For
protons, the enerqgy and anoular rasolutions are 15 MeV and X0

milliradians at a kinetic energy of 250 MeVY. Particle ueparation
{2lectrons from photons and protons from pions) is done usming the
many dE/dx measurements from the PDT and scintillator cells along
the track.

19

T We havé col lected data frum.exposureé of 2.5 xl0 and

3.6 % 1087

protons on target for the neutrino and antineutrino
phases. This paper will present results from about 407 of thae
nautrino exposure plus the entire antinuetrino sample for reactions
{1} and (2). For the neutrino proton channels ( (4) and (S5) ), we

will present results from about 2074 and 704 of the neutrino and

antinoutrino sets respectively.



3. Neutrino — Elmctron Scattering .
.9.2 ~ 2m, (1-E_/E,),

neutrino electron elastic scattaring events are characterized by a

Due to éhn kinematics of the reactionms, E

single, very faorward electron. Backgrounds to the signal conwist of
{(a) photons from 7° mesons produced in neutral ~current reactions,
(b) electraons from Ve e p or F.p * e+n induced by the Va and ;u
contaminations in the beam, and (c) a small component of
misidentifed low-energy hadrons. The angular distributions of
events from these thraee channels are all approximately flat in 62.

' Electron were isnlated by selecting events with a forward
electromagnetic shower with energy batwaen 210 and 2100 MeV,
Gtringent cuts were than applied to remove showers with sxtera
asgocl ated anergies, Only showsrs with lens than 30 MaV in the
verter cell were retained. This greatly réducns the Ve quasielastic
background. Furthermore if there was more ﬁhan S MaV in a road
upstrsam of the shower or more than 2 1/2% of the total eneray
dawnsti-eam of the vertex and outside a road determined by muLtipla»
scattering and the angular resolution the event was rejected. These
cuts reduce the w® backgrounds significantly with a small (<4%) lass
of the signal.

The photon background is further reduced by use of the fact
that the energy deposition for electran—~ and photon—induced showers
iy markedly different in the first radiation length. Imposing a cut
on the ionication loss in the first two proportional drift tube
planes and the first calorimeter plane after the vertex vields a

sample of primarily singly ionizing events in which approximately
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PR af the elactrons are retained and only sbout IB% of the phatons

sre includad. A second wample predeminantly containing photons

2
-

imd ;”-indu:-d data. The electron samples

romains. The distributions in ©_ % for these two sampl‘s are given

sn Flig. }- far both tha vu

%0W A clear peak in tﬁ! farward direction whiles the photon

distributions are flat in the forward direction as sipescted.

Mpuraximately 99% af the sigqal.il'-np-ct-d ts lie in the Englan 32

2

leas than 0.01 (radians<).
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FiS. 1. Distributions in ©° for (a) the

primarily singly ionizing evantx firom ;ﬁ

data and (b)) the predominantly photon sample
" from the ;M data, (c), {(d) The correspondinc

plote for the vu—induced data.

After background subtraction, which was dnng fitting the 92 A

distribution to the sum of the background components (taking the
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Fnoton and low-anergy hadron distributionns as flat plus the expectad
shiupe of the quasielastic backgrounds () ), wignals of Sl £ 9 and

59 & 10 remain in the v, and ¥, sets respectively. This signal is

B H
when cerrected for loss of events due to the applied cutas,
inetficiencies and dus to the fractional v and ¥ contaminations in
“ha ¥ and V fluxes. %o determine the cross sections
ﬁ(?#e) and U(VMe) and the ratio, we have indirectly measured the
intzarated incident neutrino fludes using samplas of quasielastic
pt ? u"p, with small mamant&m transfer,

a < &2 < 0.4(GaV/c)2. Thesa pvents were salected by requiring only

- +
zvanta, vup + 4 n and Vv

that the nutqaing muan anale wifh reospect tc the incidant neutrino
baain be lems than 260 mrad, and that the muon kinetic energy be
graater than 0.3 GaV. Events with & visible second track wero
rejected but po other requirement was placed on the recciling
hadron. - - .

Backgrounds in the nbrmaliaatian-samples arise from the
presence of chargsd current single-pion and nultipion events. In
~athe M+n sample single-pian proﬂuction constitutes 28%4 of the total
‘gamﬁle, while in the P—ﬁ sémple the correspanding single—pion
channels are 31% of the total sample, after detector acceptance is
taken into account. Multipion backgrounds are less than 8% of each

of tho n+n and u_p total samples, including acceptances factors.

This analysis yvields the result
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slr e te ) o .60 % 0.29 (stat) * 0.26 (sva)d x

-t pr]
B, teeV) w 107 en® (&)
ANG

o (F +a =V +e”) = [1.16 = 0.20 (mtat) * 0.14 (aym)3 x

-0
E,(Gew) x 107 en?, 7
The ratio of these two values gives
Re1.38 10° 30 (atat) £ 0.17 tuym). @)

Thé svstematic ervors were estimated by varving the factors
used to determnine the corrected slectron and normalization mamples.
Effents wtudied in‘the norma{izatian included the Fermi momentum
Motribution. FPauli exclusion, the value of "A' the scatterina and
ahsnrption of piong and nucleons internal and external to the taroest
nucleus. and uncertainties in the cross sections for mingle-pion and
altivion preoduction. Contributions to the systematic arvor from
the =2lectron-photon 5eparatfon, from electron anqular resolution,
and Fram ctheg 5;a11er corrections affecting signal extraction were
sotimated in the same manner.

This value of R gives

sin“e = 0.209 % 0.029 (stat) * 0.013 (sys). (9

This compares favorably with the only other measurrment of the

trosg section ratia4 which found -inzew m 0,215 £ 0,032 (atat) =+

0.013 (avad.



' Yeidring = Proton Scattering

“ e signil for vp > vp is a contained

track at lwast three

Sde, ® iend with ionizatian conaiqtnnt-yith a prutnn.‘ The vertex

vt avent candidates is inmide 28 2.0 m % 2.0 m x 95 modulm

Cuedal velume.  We measure the angle and
v e wrack from whi:ﬁ ona ubtgin; 62 and
The particle idnntifigaginn tu:hniqui

v qrack and :nmpar.i the actual dE/dx in

L L thak senpected from protons or piona

ant snargy. One then chtaine a confidence

kinatic energy (by'fangi)
the nautring enargy.
stnrts;ifom the ond af
-ithnf scintillator or
of that rn‘iduil raﬁgu

lavel for heing a hratan

o opian #d:pnndently in‘-:intillatnr or PDT. The cleaar separatian

1s shown in Figure 2.

The efficiency to identify prbtana has besn

measured to be 73% with the losses dominated by nuclear scattering.

Tha probability of acowpting a pion {(muan)

in leus éhgn 2%
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Figure 2.

0.4
- CL%(p)

Confidence levels for plon versus proton hypothaseses in

08 08 1.

PDT's (left figure) and scintillator {right’).



To e@liminate avents wifh extra particles (@.qQ. vn+Vpn- or
Ynevprty, three cuts are made on the energy depositions in the
suintatlator: i) thé~yarteu scintillator cell must have less than 56
MoV of visible energy 1i) the sum of the energy in & box 3 :ells.by
3 cells centered on the vertes cell must be less than 110 MeV, and
111} the total energy within five meters of thae vertex cell
teninluding cells on the tracks) must be 1;;9 than 20 MeV.

The rasulting sample is predominantly ¥pp * vpp or Vpp > ;ppf
The principal backgrounds are (&) np * np events from neutrons which
anter the detector, (b)) remnant charge current production, (c)
neutral current single-pion production, &nd (d) vnn + vpn whera the
final state neutron charga edchanges and a proton is detectad. Thl
entering neukrons asre studied using their event vertex and time.
distributions. They are found to be about 5% of each sample.

Sharge current production is only important for the v sample. It
has been determined to be abaut S%4 beth by observing the dacavy of
the muon and by Monte Carlo.

. Tha contributions from the other background types are
cal:&lated by Mante Carlo. Single-pian'e;ents are 94 and 15% of the
vV and ¥ samples. The neutrino neutron elastic scattering
(¢) is intimately connected ta the proton elactic scattering channel
and is roughly 177% of the'number of plastic proton events.

Combining all this, is estimated that about 70% of both the ¥ and ¥
sats are due to either vp + ¥p ar ¥vp + vp.

Wa are currently analyzing data sata in which about 1500 v and



¥ events satisfy the nnnﬁqy‘:uﬁl described above. The 02 of &

caunl of these svents is given in Fig. 3. Our ic:.ptqn:- turns on

2

about 0.35 (GaV/c)” due to the minimum length ragquirament. At

. q *
Saatat @75 the accaptance begins to fall due to bath noncontainment

* e we interactions.
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Figure 3. Distributions in 8 for elastic proton candidates for the

Yy iAY and Fp {B) date sets. The lines are a Monte Carlo

caleculation which combines the signal with the background chennzles.

The narmalization and systematic error procedures used for the
proton signal are similar to that used for tha neutrino-electron

sample described in section 3. Preliminary analysis of the v

- 127 A )
sample yield R, = 6(V,;p + V,p)/0(¥;n » } p) = O. ¥ £ 0.006 + 0.014

faor 0.4 = [;I2 £ 1.0 (BeV/c) . This result represents a statistical

10
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5 and R, = 0.11 = 0,03%,

R, = 0.11 = 0,015 % 0,107

We are currently completing the analysis on both the Vv and
¥ data sets. This will include studies of tha do/d@® of the data and
derivations of the weag mixing angle and neutral current fer'm
factars.
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