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We present here 8 progrees report on an experiment to weasure the
cross section fer Ve scattering at the Brookhaven AGS, A wide band

focusuing ,3re ls used with a neutrino beam energy centered at 1.5 Gev,

We hsve in hand nessuremente with vy, and G" beams but we present
preliminary doto op the v, bean running only. We also mensure the
reactions.
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which will be used in normalization and in background estimation. The
principal kinematice signature is the forward gotong recoil electron, and
to weasure this particle with precision we have designed & detecter that
15 85% active with fine segmentation. This permits good angular
resolution, total energy measurement of hadrons and showvers as well as
particle idencificacion.

The detector i constructed in & wodular fashion. One module
consists of one plane (Y) of ligquid scintillator calorimeter and twe
planes (X and Y) of proportional drift tubes (PDT's). The details of one
module are given in Table 1.

‘The main detecror is followed by a “gamma catcher” consisting of 10
calorineter modules each separated by one radiation length of lead. This
allows energy determination of electron and photon events occurring in the
down-stream portion of the detector. Following the “gamma catcher™ 15 a
magnetic spectrometer which aids in weasuring "u(;u) contamination by
“u(;u)' The entire detector is under micruprocessor control (Figure
1.

An important feature in limiting certain types of b.n'ckgrouud 16 the
time structure utilized in data taking. The primary beam from the
Alternating Gradient Synchrotron of the Brookhavem National Laboratory is
extracted in twelve, vudio-frequency "buckers™ emch separated by 220
unoseconds. Target assaciated hackground with v ¢ ¢ then arrives
out-of-time between the buckets. Figure 2 shows a postion of this hucket
structure for triggers recorded in the detector; the out-of-time

background is megligible.

The accelerator operates with an approximately 1.4 second repetition
rate with an intensity approaching 1 x 10la protons-on-target (POT) per
pulse into a horn~focussed wide band bean.

To date approximately 1,5 x 10'° POT have been accumulated for v,
and about 1 x IO’9 POT far ;u. In an attempt to verify the existence of
the rare v, + e * Y, + e signal and to check vpon its predicted rate,
we have performed s preliminary snalysis on the first 0.9 x 10° machine
Pluses with a v, beam. Thege data are taken from the first half of the
completed detector only; the last portion not yat having been brought into
operation. In this prelimtnary analysis we have used very siople
algorithos snd further development of them 15 underway; however, as can be
eeen from what follows they adequately serve the present purpuse.

As a guide to the magnitude of the quantities entering into the
extraction of the v,e + vje signal we quote the relevant, relative

fluxee (¢) and cross sectlons (U):

0("‘,) : '(VE) : .(;u) :0(52) e1:5%10% : 1x 10‘3 : 2 x 107

- v 1] -
P} + v 3 + van H 0+
U(\’un + p7p) ;s of{vy He) o{v n an’) a(v e”p)

=1 :2x 107t 0.1

The principal background to the vye + vye signal coves from
Von * e7p vhere the proton miased detection and from vyn * vunnu

where the neutron and one of the puotons from the w0 were missed. Other



reactions involving charged currents and/or charged hadrons are easily
suppressed via energy deposition in the calorineters. (See Figure 3).

We have used a two step technique tor background suppression in the
present analysis. The first step 15 via an “anti-hadron and muovn filter”
algorithm hased primarily on calorimeter information — this removes most
of the charged current and charged hadron background while passing
{according to Monte Carlo calculation) 962 of ithe electron signal, 1n the
data sample under consideration here this filter passes 290 events with an
energy > 200 MeV and in an angular interval with respect to the mean beam
direction of approximately 215°,

This sample of 290 events should then consist primarily of signal and
electron and photon frogments of the reactions ven * ¢7p and vyn +
Uunlo pentioned above. Thus the secoad step in our preliminary analysis
is to try to suppress these fragoents by passing them through a second
algoritha wvhich separates singly jonizing (favors vye =+ v,e) from
doubly lonizing particles emerging from the vertex., This seleecion is
guided by Munte Carlo studies (75% of single electrons but only 5-10% of
photons should puss) and measurewents with singly lonizing cosnmic rays
pussing through the detector. The resulting slgoritlm is based upon use
of the average energy deposited in the ftirst twoe calorimeters afrer the
vertex befng lees that 15 MeV and 4 slullar cut using th PDT"s. Tie pOT
cut 1s pade ty selecting from the first six PDT's (K + Y) the average of
the lowest two dE/dx measurcaents (to miniwize Landau fluctuvations). A
value of < 9 keV is used as is illustrated in Flgere 4. A distinct
separation can bLe seen between singly and doubly fonizing particles. We
are thus confident that a low background contamination can be achieved via

this geparatiun.

Evidence for the signal can be seen by selecting those events vhich
pass the above cut (80 cvents) and plotting them 50 as to take advantage
of the ve * vye kincmstics. A scatter plot of E, versos Bez
(since EEBEZ < 2m,) would be nost appropriate; however, until we
have established our angular resolution and energy calibration in a tagged
electron bean (this run 18 currently in progress at the A.G.S.) it {s not
useful to make bBuch a plot. At this time a wore appropriate variable 1s
an Eezoez histogram and this 1s shown in Figure 3a. Also shown is the
histogran of the sawe variable for those 210 events) vhich fail the cut,
As can be seen from the two plots, there is » clean signal on a low
bsckground at small Eezeez and that the background at least ae
represiented by Figure 5b has & very different shape,

Until we have completed out electron beam calibrations and extracted
from the neutrino data sawples of the background reactions, we are not in
a pusition to make a reliable background subtraction. This work, ns well
e85 refinenent of our slgorithms, is already underway. If, however, we
provisionally take the subtractions as normalized, then from this analysis
we have a rate of vye + yye into the fiducial woluwe of the full
detector of 2.5 *] eveat per day in agrecment with our design
expectations.

Using this number we wauld then expect to find in our presently
accunulated dats 65 vye * Ve and 24 \-!ue - ;u" evente. Our
future program includes the extroaction and analysis of these events,
additional approved running in 1983, identification and extraction of the
(;l),p - ;"),p stgnals (several thousand of these should be in our present

duta), followed by a program in neutrino oscillation studies.



THBLE 1
PROPERTIES OF A SINGLE MODULE

Calorimeter (liquid scincillator):

Active aves 4.2 x 4.1 (meter)

Thickness per module 7.9 o

Ho. of cells per module 16 (vertical segment)
Weight (1iquid plus scrylic) 1.35 metric tons -
Phototubes two, Amperex 22124/cell
1 pulse height per phototudbe

?> 2 timing hits per tube

Proporticnal Drift Tubes:

Active area 4.1 x 4.1 (weter)
. Thickness per omodule 7.9 ¢t
No. of cells per module S4(X) and 54 (Y)
Cell size blux 2.7 cax 3.8 co

1 pulse height per cell

2 timing hits per cell

Total Asgembly:
1. 118 modules {172 tons)
2. Gampa catcher {30 tons)
3. Mognetic spectrometer
4. Photatubes (total of 4096)
5. FDT (total of 13,824 cells)
6. Volume (4 seters x 4 meters x 24 meters)
7. Control (Logic in four parte under wicroprocessor (LSI-11/03)

and PUP-1i/34 contral).
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