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We present here a progress report on an experiment to measure the

cross section I T v^e scattering at Che Brookhavun AGS. A wide bnnd

focueiiing , r̂r- is vificd with a ^uutrlno bean eneTgy centered at 1.5 GeV.

We have In hand aeOBuremcnte with v., and v^ beans but we present

preliminary dato on the Up beato running only. We also measure the
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v e + U • e~ + p



which will be used in normalization and In background estimation. The

principal kinematics signature in the forward going recoil electron, and

to measure this particle with precision we have designed a detecter that

is 852 active with fine segmentation. 1MB permits good angular

resolution, total energy measurement of hadrons and showers as well as

particle Identification*

The detector 1B constructed in a modular fashion. One nodule

consists of one plane (Y) of liquid sclntillator calorimeter and two

planes (X and Y) of proportional drift tubes (PDT's). The detallB of one

module are given in Table I.

The aaiQ detector is followed by a "gamma catcher" consisting of 10

calorineter nodules each separated by one radiation length of lead. This

allouB energy determination of electron and photon events occurring In the

down-stream portion of the detector. Following the "gamxia catcher" 1B a

magnetic spectrometer which aide in measuring vu(vn) contamination by
vli(^u)< ?he entire detector is under microprocessor control (Figure

1).

An Important feature In limiting certain types of background 1B the

tine structure utilized In data taking. The prinary bean from the

Alternating Gradient Synchrotron of the BrooVnaven National Laboratory IK

extracted in twelve, radio-frequency "buckets'* each separated by 220

u-inosecondfi. Target associated background with v ¥ c then arriveB

out-of-ttne between the buckets. Figure 2 shuws « portion of this bucket

structure for triggers recorded In the detector; tlie out-of-time

background 1B negligible.

The accelerator operates with an approximately 1.4 second repetition

rate with an intensity approaching 1 it 10 protons-on-target (POT) per

pulse into a horn-focussed wide band bean.

To date approximately 1.5 x 1019 POT have been accumulated for vy

and about 1 it 10 POT for vp. In an attempt to verify the existence of

the rare vu + e • vu + e signal and to check upon i ts predicted rate,

we have performed a preliminary analysis on the first 0.9 x 106 machine

pluses with a vp beam. These data are taken from the first half of the

completed detector only; the last portion not yet having been brought Into

operation. In this preliminary analyslB we have used very sits pic

algorithoB and further development of then Is underway; however, as can be

eeen from whit followB they adequately Berve the present purpose.

As a guide to the magnitude of the quantities entering into the

extraction of the u
ue + v̂ e signal we quote the relevant, relative

fluxes (•) and cross eectIons (o):

e) : ^n * e~p)

- 1 : 2 x 10"" : 0.1 : 1

The principal background to the v̂ e •+ v ê signal cooes from

yen • e~p where the proton nlssed detection and from v,,n + vunn°

where the neutron and one of the pnotonu from the * were mi used. Other



reactions Involving charged cur rents and/or charged had runs are easil y

suppressed via energy deposition In the ca lor lnut t t s . (Sue Figure 3).

Ue have used a two step tec Unique tor background suppression In Che

present analysis . The first step Is via an "ant 1-hadrun and inuuii f i l ter"

algoritlin ha Bed primarily on calorimeter information •— this removes must

of the charged current and charged hadron background Phile passing

(according to Monte Carlo calculation) %2 of the electron signal. In the

data sample under consideration here this f i l t e r pauses 290 events with an

energy > 200 MeV and in an angular interval with respect to the mi;an bean

direction of approximately ±15°.

Tills sample of 290 events should then consist primarily of signal and

electron and photon fragments of the reactions veo • e~p and vun +

vun« oentloned above. Thus tlie second step in our preliminary analysis

is to try to suppress these fragments by passing them through a second

a Igor It ha which separates singly Ionizing (favors v,,e + vpe) frun

doubly Ionizing particles emerging from the vertex. This selection Is

guided by Hunte Carlo studies (75X of single electrons but only 5-101 of

photons should pdss) and taeasureuentK with singly ionizing cosolc rays

passing through the detector. The resulting algorithm is based upon use

of the average energy deposited in the f i r s t two calorimeters attar the

vertex being less thnt ib MeV nnd d eliallar cut using th PDT's. Tiro PDT

cut is made ty selecting from the first six PUT16 (X + Y) the Average of

the lowest two dE/dx measurements (to minimi KK Landau fluctuations). A

value of < 9 keV is used us is i l lustrated in Figure k. A distinct

separation can be Keen between singly and doubly ionizing purt lcles. He

are thus confident that a low background contamination can be achieved via

this separation.

Evidence for the signal can be seen by select Ing those events uhlch

pass the above cut (80 events) and plotting then so as to take advantage

of the v
ve •* w

ue kinematics. A scatter plot of Ee versus 8e

(since Eefie < 2 ^ ) would be raost appropriate; however, unti l we

have established our angular resolution and energy calibration in a tagged

electron beam ( th i s run id currently in progress at the A.G.S.) it Is not

useful to make such a plot. At this time a wire appropriate variable is

an Ee
20e

2 his tug ram and this is shown In Figure 5a. Also shown is the

histogram of the saute variable for those 210 events) which fall the cut.

As caii be seen front the two plots , there Is u clean signal on a low

background at email Ee
26e

 o n d t n a t t n e background at least as

represented by Figure bb has a very different shape.

Until we have completed out electron beam calibrations and extracted

from the neutrino data saw pi us of the background reactions, we are not In

a position to oake a reliable background subtraction. This work, us well

as reflneoent of our algorithms. Is already underway. If, however, we

provisionally take the subtractions us normalized, then from this analysis

we have a rete of v^e + t>j,e into the fiducial volume of the full

detector of 2.5 ±1 event per day in agreement with our design

expectations.

Using this number we wauld then expect to find In our presently

accumulated data t>!> "pe •* v^c and 26 v^e •* vue events. Our

future program includes the extraction and analysis of these events,

additional approved running in 1983, identification and extraction of the

vliP VJJP &LBnalti (several thousand of these should be in our present

data), followed by a program In neutrino oscl11atIon studies.



TABLE I

PROPERTIES OF A SINGLE MODULE

Calorimeter (liquid Bclntlllator):

Active area 4.2 x 4.1 (meter)

Thickness per module 7.9 cm

Ho. of cellB per module 16 (vertical segment)

Weight (liquid plus acrylic) 1.35 metric cone

Phototubes two, Amperex 2212A/cell

I pulse height per phototube

> 2 timing hits per cube

4.1 X A.I (meter)

7.9 Cta

54(X) and 54 (Y)

4 . 1 n z 7.7 en x 3.8 en

Proportional Drift Tubes;

Active area

Thickness per nodule

No. of cells per module

Cell size

1 pulse height per cell

2 timing hits per cell

Total Assembly!

1. 118 ooduleB (172 tons)

2. Gamma catcher (30 tons)

3. Magnetic spectrometer

4. Phototubes (total of 4096)

5. PDT (total of 13,824 cells)

6. Volume (4 meters x 4 meters x 24 meters)

7. Control (Logic In four parts under microprocessor (LS1-11/03)

and PUP-li/34 control).
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