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Abstract

This paper doscribcs an experiment to measure the VXC’2 +#-X
wow seotion ●nd to detect VU-+V4oaclllations, A test run wan
aompiot~d :ast year. The detwtor has been calibrated und
backgrounds ●re under study, The sensitivity of the experiment
is astimstod for the 19$S LAMIW run eyole to be A 20% for the
arou awtion moa$urwnont●nd tho 90% aonfidenae ovel 11 its for
tho neu rln

1?
A ‘3 ,n,oscillation oxperimont we sin 2941~
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I. Introduction

This experhrwnt wi}l provide the first cross 84cti(M ~~~~ 4.. %X
on a rmclcus in the, low enersy ran~e, with %bout 10% @f the i~ojitint ~
to 8 specific nuclear finsl state. The cross motion nwasttrertwttt *M provfde
new data ori nuclear effects in the weak ehsrged-ourr~~t inters@tiom TiE8 6tOSS
section measurement is also import8nt to interpret mwtaiis itn*r8rovmd
laboratory experiment The experience gaitwd from such a meamtremotrtwill be
useful in future deteotor desitn for use in the LAMFF Nautritio 8sWty1.

Recently the search for neutrino Oaoillstioa$ has becotne popular. Th$
reason for this is interest is based on fundamental experimental snd thcoruticsl
questions such ●s

where ●re the missing solar neutrincs?
if qusrks mix why not Ieptons?
do neutrinos have mass?

The presence of neutrino oscillations could answer these questions, This
experiment will provide competitive Iimitt on the oscillation of neutrinos.

11.The Decay-in-Flight Neutrino Source at Line-E

The layout of Line-E is shown in Fig. 1. Briefly, the decay-in-fljght
ncutrino source ccmsists of ● pyrolitlc graphite target, ● 12m pion decay
channel, ● tungsten beam stop, 7m of iron shieldin~, ●nd an additional lm of
concrete shieldil~g. The ncutrino detector lies about 20m from the tar~ct. In
January 1983 Line-E was ●uthorized to run with 29A of photons. In October
of 1984 20;4Aof protons were sent through Linc=E. In 198S wc intend to ask
for authorization up to 200#A. Also planned is a pion focusing horn which will
increase the neutrino flux by a factor of 10.

111.Physics

A. Cross Section Measurement

The cross section for v C 12+N 12 wI!I be mearnurcd, There are three
{physics processes of interest t at we will use to identify the above finai state.

These processesoccur over three easily @eparatcd time ii~tervals. The muon
signal from ● charged=current interaction hl the detector wUI arrive tens of
nsecs●fter the protons hit the tarset. This SOneectime interval it called the,
“prompt Merval,” The muon will decay ●ad the decay elaatrori will be deteetod
in the ● uoa iaterval” which lasts for 2@sec after th~ prompt itit~:w-1. Pinally

f’the N‘ will beta-decay with a Iifetim of 10 msoc and the 40 tntea inwrvat
!after the muon interval is called the “?42 interval.” The presonee of *II three

si~nal$ in tho same 8etieral location in the detector unambituoualy idettti e,
[hthis event type, Wa will also look for the more prevalent type of events v C ●

+ A-X, Here the si@s observed ●re the same as shove but without th~ final
bota”daeay,
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Fig, 1 -- Top Plan view of Lin&E snd the E-764 detector. Bottom: Elevation
view of Line-E and the E-764 detector.



B. Nautrino OacJllations

is simply ● “prompt”(as defined ●bov6) hith enersy (>100Mdff) clectrotk

IV. The Detector

detector consists of n cylinder housing 26 “honeycoatb”
liquid scintillstor (ND306) corresponding to s fiducial mm

The central
modules filled with
of 4.5 ton~ The central detector is 214cm hi8h ●nd hns ● radiua of 80cm. Erich
modu!e ia rou8hiy 30cm x 30cm x 214cm. A Y phototvbe looks Into each end of
each module. Outside the central detector is ●n inner veto which oonsima of 2.S
tons of liquid scintillator. The light signals are detected by ei8ht 2“ phototubcs.
Surrounding the jnner veto is a Iaycr of Pb shot corresponding to about 5
radiation lengths.
ccntrtil=inncr veto
array of 14-180cm

Outside the Pb absorber is an outer veto which surrounds the
assembly except at the bottom. For calibration purposes an
long by 15cm wide horoscopes surround the outer veto.

V. Calibration

Calibration of the central detector modules was done using cosmic rays.
Cosmic ray muons paaaing through the detector can form a coincidence between
hodoscope counters on opposite sidet of the detector. Such “through’ muons lie
on a well-defined trajectory ●nd their cnersy loM through the honeycomb
modules is calibrated usin~ the weli=known energy IOU rate for minimum
ionizina particles. An encr8y spectrum for a typical module is shown in Fis. 2.
Figure 3 shows ~hc electron spectrum from the decay of muons in the detector.
Timin8 of the modules ic ah done with co.mlc rays ●long a well-defined
hodoscope pair trajectory. The muon lifetime 1s shown in Fig. 4. Figure 5
thows the decay of a cosmic ray muon in the central detector. The arrival time
of the si~nsls at each phototube is used to measure the longit~.dinal poaltion of
a particle in the module as well as the particle’s arrival time in the module.

VI. Estimates of Background

Runnin# with 20uA of proton aurrent will yield ●bmst ten char~ed=current
htteractiosts/6ay of which about one will be to the Speciflo nuclear final ttste.
For neutrlno oaclllations, if -U v chance to v,, we expeot at Iaaat three tlmos

tthe above event rwa. A muon do ●y @al or ●n onoray eut of 100 MeV for the
prompt tl~nal should eliminsta all beam a~iatod back~rounda, Tho ultlmtto
aensltlvlty of the cxparlment ia therefore Ilmited by the ooamio ray baoksround.
The aotlmtto of’ the coamlo ray background Inoluda contributions from ahsr~od
partloles that fall to trl~~er the veto system and from the neutral uomponent of
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Fit. 2 -= Enw8y spectrum (prompt Antorwl)fora typical module uaing cosmic
rsy muons on a well-deflaed trajectory. The module is about 30:m ncroat and
the ●verage energy lost in the module is 46Mcv with m resolution of A20%.
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Fig. 3-- The energy spectrum for the muon decay interval. This is the well.
known Michel energy spectrum from muon #ecay. The spectrum is smeared by
the resolution of the detector.

Fig. 4-- The arrival time of a particle in the muon interval, The time spectrum
sivcs a lifetime of about 2psec consistent with the muon decay time.
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FiRure 5 = Example of a cosmic ray muon that decayed in the detector. The “P”
means that the module was trit~ered during the prompt interval (we main text

for definition of time intervals). The ‘LP means that the module triggered

during the muon decay intervai. If there had been information in the N

interval then a ‘N’ would amoar in the appropriate moduic.The size of the

letter i: related (Iosarithmically) to tho onorsy depo.ited in the module. The

tablo on the rltht shows tho onar~y dopoaitod per module and por time
Interval. In this event tho prompt muon dopoaitod 146 MoV, the decay electron
dopoaitod 26 MoV, ●nd the muon decay thno was 0.1 @oo.
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Figure 6-- &n2 versus sln229 for vsrlous oompleted (oolid curve), proposed
(dashed curve) experiments, The present experiment it the dark solid curve,
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cosmic ray shower% The rste we measured is .016 events/dsy for charged
particles that fail the veto system ●nd .020 tvents/d8 y for the neutral cosmic
rays for s total of .036 back~rottnds events/day.

Based on data taken during the 1984 running cycle we plan to implement
some of the followiag upgrades in order to reduce beam ●ssociated backgrounds.

● 1) additional shielding
● 2) beam pulse timing cut
● 3) particle range cut

4) pulse shape discrimination

● = partially implemented and ready by Spring *85

VII. Estimated Experimental Precision

The cross section measurement wi[l be limited to a precision, of about A20%
with the major contribution to the systematic error coming from the flux
normalization. With 20#A of proton current and 30 days of running time we
can set limits on neutrino oscillations of

sin22~ < 10”3

~m2 < 10-’cV2

●t the 90% confidence level. Figure 6 shows a plot of &m2 versus sin220 for
various neutrino oscillation experiments including the present one. As can be
seen from the plot this experiment is competitive among current experiments.

VIII. Conclusions

The Line-E decny-in-flight neutrino source ●t LAMPF achieved its
autharised limit of 2*A of ~roton current. The E764 detector has been
calibrated using cosmic ray~ Uwgradernto the experiment ●re partially
implemented at present cnd improvements will continue until the Sprin 198S
runnin8 aycle begins. In 1985 we expect to measure the w~C*2 -+ X-N 1? ctoas
aeetion to @(l% limited by the flux normalisation. Also we expect to put limits
on the oeoillstion of neutrinos PY- Vcnamely,

$in22e < 10‘3

Am2 < Io-lev?
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