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ABSTRACT

We present preliminary results of a neutrino experiment
in progress at LAMPF by an Irvine-Los Alamos-Maryland
collaboration. We hava observed a signal consistent
with v e- elastic scattering, with-a 15-ton sandwich
detect8r. The number of those v e candidates agrees
with that predicted by the Wai~b8rg-Salanlelectroweak
theory. The corresponding sin e and total cross
section are reported. This stud! shows that the
interftarenceof weak charged-current and weak neutral-
current in v e- scattering is not conatru~tive. We
also searche8 for anomalous appearance of v from the
LAMPF beam stop. An upper limit for the mu!tip~icat~ve
lopton number conservation Law, and limits for VW + Ve
oscillation are given.



1. Introduction

Tha study of purely leptonic Drocesses such as
neutr.ino-electronelastic scattering can provide
stringent tests on the va

ii if
d y of the Weigber~-Salam

(W-S) slectroweak theory. -
scatttiringsa
accelerators.

f~-~~i!)gstudied atv~i~h~~~r~! e-.
?f
attering was investigated

in a reactor experi;~n~.~ It is the goal of this
experiment JO study we e scattering which has not
been observed before. Inve (and ; e-) scattering
both weak charged-current (~C) and neu~ral-current (NC)
interactions are involved. An accurate measurement of
the v e- cross section can not only prove the
exist~nce but also determi

?%1
the sign of the

Interference of CC and NC.

At the LAM~F beam stop, v , ; , and v age
p foflowed b? ~ decay atproduced from n decay at reet,

rest. Production of v is highly s:ppress~d
( ~10-3) due to the ab~orption ~f TC and p by nuclei
in the beam stop. Looking for Ve’s from a beam stop

allows one to search for anomalous Ve+Preduction modes

such as ~ + ~ +
oscillation or p + e ; v allow b

the multi~lica~iva lepton number conserv~ti~n law.‘l!l]y

In this paper we describe our experimental method,
data analysis, Monte-Carlo simulation, preliminary
results, and current plans.

2. Experimental Method

The signal of elaatic scattering reaction

v+e- +~+e- (1)

is a rtcoil electron with energy less than the rraximum
nautrino ●nergy (52.8 MoV) in the forward 10° cone as
required by kinematics. Scattering from different
types of neutrinos are not distinguishable in our
detector. Howeve~, due to tha presence of the CC
interaction, v ● scattering dominates and the small
Contributions ?rom v ●- and ~ e- can be subtracted by
using the results ofyexperime~!!sfrom high energy
a celarators.
,?

We s-arch for we’ s via the appearance of
frorn

,2)



Backgrounds come from cosmic ray muons and neutrals,
and beam associated neutrals and neutrinos. For e~#nple,
stopped muon decay, Compton scattering, and v + C
interaction can mimic signals of interest. S$ch
backgrounds need to be highly suppressed for this study.

.
The detector system consists of a central sandwich

detector surrounded by active anti-coincidence counters
and inert shields. The central detector, weighing a
total of 15 tons, is divided into 40 layers. Each
layer consists of a plane of plastic scintillator (for
energy and timing information) and a flash chamber mo-
dule (FCM) (for tracking information). A scintillation
plane is constructed cf 4 slabs, 2.54cm thick and
viewed by a S-inch PMT, placed side by side to give a
total size of 305cm x 305cm. The scintillator system
and its associated electronics was described in Ref.
10. Each FCM consists of 5 x-planes and 5 y-planes.
One such plane contains 520 flash tubes (0.5cTux 0.5cm
x 305cm in size). There are a total of more than
200,00G tubes in the whole detector. Operation of the
FCM was described in detail in Ref. 11.

The active anti consists of about 600 Multi-Wire
Proportion Counters (MWPC)O All sides of the central
detector are covered by 4 layers of counte:s, except
for the single layer on the floor. Coincidence of any
2 out of these 4 layers from any side qenerates a valid
veto signal which blocks the detector-~ystem for 20 MS.
The anti inefficiency 1s less than 10 There is a 14
cm steel shield against ganma-rays betw;en the central
detector and the active anti, except for the floor.
Outside the MWPC’S there is a 6.3 m steel shield
against radiation from bet~mstop? and 0.6-1.8 m steel
equivalent to shield against cosmic rays.

The trigger requirement was that at least 3
contiguous scintillators in 3 adjacent layers had an
approximate energy deposit between 1 and 16 MeV, with
the middle pLane above 3 MoV, and that no valid veto
existed. auty factor of kha LAMPF accelerator was
6-9%. The baam macro-pulse rats was 80-120 Hz. Data
was tukan with beam, and also in between beam pulses
for tha cosmic ray background subtraction. The trigger
rate was about 0.1 per live second. For each t~igyer,
we recorded not only the trigger event but f,lsoevents
32 pa before and 64 ma after tha triggez for tagging of
stopped muons and v + C*a events respectively.
Totally, 127.3 hour~ of beam-on data and 603.3 hours of
beam-off data from LAMPF Run C!yclea38-40 #era taken
and analyaad. The ratio of beam off/on time is 4.74.

3
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There were 2.2 x 1022 protons on the beam stop for
this data. During the data-taking period, we also
racorded stopped muon and through muon events every 10
minutes for calibration. About 270K events were
recorded on magnetic tape from these three run cycles.

3. Data Analysis

As described below, we implemented several levels
Qf cuts to this data to search for v e- scattering and
Ve p reaction. e

At Cut Level 1, the calibration:events were
removed. There were 55K beam-on events and 203K beam-off
events left. At Cut Level 2, we required the events to be
totally contained in the fiducial volume, defined as
Layers 2-39, and more than 5 cm from edges. We also
required a single track in both views, total observable
enargy in scintillators ~ 60 MeV, number of layers
involved in trigger <7. In addition, no pretrigger
activity in the vicinity of the trigger event was
allowed. By this procedure, the total number of events
was reduced by about a factor of 10.

At Cut Level 3 we required that the number of groups
of activities recorded by scintillators to be 1 in order
to remove neutron and gamma backgrounds. Energy cuts were
implemented to select electron events. These included
dE/dx s 8 MeV, A5(end slab) ~ 2 MeV, AE(mlddle slab)
z 2.5 HeV, and total observable energy in 7-35 MeV.
Tighter anti cuts than the on-line veto were required to
further reduce the background. These included: no
adjacent anti counters in the same layer fired during the
1,2 us in coincidence with the trigger (“in time”), no
s.ngle anti signal “in time” for some anti counters around
weak ones, and no floor anti activity “in Lime”. The
number of scintlllator layers of trigger events is
required to be z 4, to decrease the sensitivity to beam-
associated neutron induced events. These series of cuts
reduced the number of events by about a factor of 30.

Fig. 1 shows the histogram of cose for the :e-
maining beam-on events and normalized (five time ra$io of
4.74) beam-off events. 0 is the recoil angle of IS
relative to the directioneof the incident neutrino. In
tho forward angular range (cose + l.), the signal to
cosmic ray background ratio is about 1 to 1. There are
24.2 A 6.6 beam-on excess events in the forward angular
range of .96 s come● (or ee ~ 16°). The 16° cut was



chosen to include v e- kinematics, multiple scattering,
and detector resolu~ion.

Beam associated background was determined by
extrapolation mfrom beam-on excess in the cose range
between 0.86 and 0.96, assuming a constant ba~k-
ground. We attribute the remaining signal of 20.~ ~
7.3 events to neutrino (ve, VW, and Vw ) electron
elastic scattering.

At Cut Level 4 we subtracted the events in the
~orwazd 16° cone, and selected those with total
observable energy ~etween 23 and 33 MeV. This was done
to search for the v p reaction. The number of beam-
on excess events inethis case is 3.7 A 8.8.

4. Monte-Carlo Simulation and Detection Efficiency

A Monte-Carlo simulation of the detector was
developed so that the response of the detector to
electrons could be understoo
EGS3 (Electron Gamma Shower)

yf2]‘he ~ode was based on
E.zS3included

radiative energy loss, multiple ;cattering, and
production of secondaries from photon conversion. T ~

.

straggling of energy loss~ i.e. Landau Distribution,!f 1
was not included. The Monte-Carlo simulation took into
account light attenuation in scintillators, PMT photo-
electron statistics, on-line trigger requirement, and
most of the cuts described .bove. Cuts which were left
out of the Monte-Carlo were the anti cuts, the
pretrigger cut, and the single track requirement. The
effect of these cuts was estimated from the calibration
events (both through muon and stopped muon decay).

Usi~g W-S theory, the expected number of v e-, VP e-,
and 7 e eve:~tswas calculated as a function O?

~P
sin ew. In the v e- scattering case, calculations
based on construct~ve NC and CC interference, and no
interference were also carried out. The v
detection efficiency was also calculated.

~P
The

uncertainty of these calculations was estimated to be
8% due to the neglect of energy loss straggling,
uncertainties in the material composition, and enexgy
calibration. Furthermore, due co the 12% uncertainty
in the neutrino flux and a 10% uncertainty in the
efficiency for those cuts which wore not simulated by
Monte-Carlo, tha overall systematic utlcertaintyis 18%.



A comparison of the calculated and measured cose’
distributions for stopped muon events is shown in e
Fig. 2. Here e’ is measured in the lab coordinate
frame. This ag~eement provides confidence in the
Monte-Carlo simulation.

5. Preliminary Results

The observed 20.3 * 7.3 can~idates-for ne~tri~o
electron scattering contain vee,v e , and v e

P P
components. The expected numbers of v e- and v e-

scattering were calculated to be 0.7 AV0.2 and 2:6 +
1.1 respective y14~sin9 the world average of measured
cross se~tions. The remaining 17.0 A 7.4 events
are v e candidates. This number of events is
consistent with W-S model with

Sinzew = o ● 2“1
+ 0.17
- 0.18

(3)

and gives a ve e- cross section of

a (v
e e-) = 10.6 + 4.6(sta.) A 1.9(sy.s.)

(4)
x Ev(GeV) x 10-42 cm2

The W-S model predicts a destructive interference
between NC and CC. Table 1. shows a comparison of the
observed number of v e candidates with calculated
ones with destructing (W-S), no, and const~uctive
inter

f!i!
rice,assuming a wor,l.daverage sin e of

0.22. This measurement does not agree w~th the
constructive interference by 2.4 u. Thus, the
constructive interference is ruled out with a
confidence level (CL) greater than 95%.

Table 1. Comparison of number of measured v e-
scattering candidates with calculation.

---------------- --m----- --------------

(1) Measured 17.0 * 7.4

(2) Destructive (W-S) 1500 & 2.7

!3) No Zntarference 30.8 * 5.5

(4) Constructive 43.5 & 7.8
----------------------------------.--



If all ;~’s were ~=’s, we should have seen 801 ●

133 ~ p events in the range of observable energy as
discussed before. However, the data contained unly 3.7
* 8.S events. From this, we set a new upper limit of
2.2% ~90% CL) for the mult~plic~tive lepton number
conservation law. As for v + Ve

P
oscillation, this

2
sets a lower limit (90% CL) of 4.4% at large M and a

lower limit of 0.61 eV2 at sin22e=l.

6. Present Plans

We plan to continue data taking whenever beam is
available at LAMPI’&kruugh 1986. By then, we expect to
quadruple our data sample.

We plan to replace a steel block approximately 1 m3
adjacent to the beam stop by uranium metal~ and to
improve the local shielding below the beam stop. This
will reduce our beam associated background. Once these
improvements are implemented, we may be able to relax
the requirement of 4 scintillator laye~s back to 3.
Then, the detection efficiency of v e scattering can
be increased by more than a factor ~f 2.

We plan to implement in our Monte-Carlo
calculation the Landau Distribution. We are also
planning to carry out a neutrino source calibration
experiment with an instrumented L$MPF beam stop by
measuri

??5F
he number of stopped n decays per incident

proton. These efforts will help reduce the
systematic uncertainties described earlier.
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E’ig. 1. Histograms of COSQ for the beam-on and
normalized (live tfme ratio of 4.74) beam-off
events after Cut Level 3. Errors ior beam-off
are shown. Errors for beam-on are just square
root of the number of counts.
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Fig. 2. Calculated and measured cose’ distri-
butions for e+-’ s from stoppe~ muon decay.
Dots with error bars are measured ones.
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