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Present end Future Neutrino Physics Reoearch

at the Los Alanioe Meson Physics Facility

Gary H. Sanders

Los Alamou Nationui Laboratory, Loa Alamos, NM 87544 USA

The I,os AJamos Meuon Physics Facility is currently the site of two neu-
trino experiments. A me~urement of elastic scattering of ●ktron-neu trinos
on e~ectrom is providing confirmation of the destructive interference between
the weak ncutraJ and charged currents predicted in the standard electroweak
theory. A search for the ●ppearance of G. ia being carried out ●t the LAhfPF
beam stop, u wd. The statua of this experiment u described. A major new
initiative is being undertaken to meuure neutrirme.lectron scattering in a k.rge
water ~erenkov detector, This me~urement will be precise ●nough to provide,
ii] com&nation with the meuurements to be performed ●t the new generation
of high-energy ekctron-paitron colliders, the first experimental ~tudy of the
standard electrowe~ theory ●t the level ofone-bop radiative corrections, The
detector ti also be ● vehicJe for neutrimxwcdfation sarcha, measurement
of neutrinos horn supernovu, and other fundarmntd physic~, The ●pparatus
WW consist of ● neutrino production tuget and shield surrounded by a water
~erenkov detector. The fiducial volume of water will be approxirnatefy 7000
tors, viewed by ●pproximately 1300020 cm diameter photornultiplier tubes.

Int~oduction

Tbe 800 MeV, 1 ma ●verage proton current beun from the linear accelerator ●t the Loa

Alarnoe Meson Phpia Fd.ity (LAMPF ) irncurrently being UA to complete two major

ueutrino experiments. In addtion, b mspr new initiative to explore neutnno-electron

scattering with ● !.uge w-tar &renkov dc!mtor has begun. The new Large derenkov

Detector (LCD ) wili exploit the unique beam characteristics ●va.ihble ●t LAMPF to cury

out ● precition teat of the standard ●iectroweak theory. Thi~ tat wdl be censitive to the

radiative correction which modify ~eutrino-:lactrcm scattering ●t the one-loop level.

The proton bem ●mi.isbie Crom the LAMPF iineu accelerator is chuacterised by

very high current ( < 1 ma) and iow duty factor (6.1 OVO),The reouiting high beam power

fccilitmtes a bright beam stop neutrino murce. Th~

of coaru.ic ray induced backgrounds

This beum hu b-r, UA in s ~tudy of the

low duty factor aids in the suppression

n~ture of muon-number conservation

which favored ●dditive muou. number conservation ,’ The beam stop source iIM been used

to meuure the rste of electron- neutrino eiaatic sc~ttering on electrons u s search for

interference between the ampiitude. of the chuged ●nd neutral weak currentc. a The

ctandud ●lectroweak thmry provides a quantitative prediction of destructive interference



which reduces the rate at which this scattering is observed. The beam stop is a.ho a source

for a current search for oscillation of WP,DP or v, into E., often clescnbm-1 m an appearal~ce

experin~ent.3

The LAMPF accelerator facility includes a new proton storage ring ( PSR).+ The

●xtracted beam trom the PSR has an energy of 800 MeV, a design current averaging 100

pA, with a unique, short pulse structure, Typically, pulmn 270 ns long, at a repetition

rate of 12 Hz, provide the desi~ current. The exceptionally short pulses and low duty

factor aid removal of cosmic ray induced bukgrounds in a typical neutrino experinlent.

Even more importmnt, this pulse structure permits a clean time separation of neutrinos

produced by pion decay (VA) and those produced by muon decay (v, and GP), Thus, two

nearly simultaneous, interspersed, but distinguishable neutrino beams are available from a

beml stop illumirmted by the PSR beam, This capability is unique at LAMPF. It enables

the plauned study of neutnno-electron scattering with the Luge ~erenkov Detector ( LCD).

Elnstic 9cattering of Electron-Neutrinos on Electrons

In the standard model, ekctron-neutrino scattering on electrons involves the exchange

of both chuged W bourn and the neutral Z boson and the interference between these two

amplitudes. The Feynumn d.i~ra.ms for these two currents are shown in Fig, 1.

0( V.o) -
M+N2

Figure 1. Scattering of electron-neutrinos on ●kctrons proceeds via a mix! ure of
the neutral weak current in which the 3 h ●xchuged, and the charged weak current i“i
which the W- is exchmged. Interference between these two ampL:udes contributes to the
observed rate for the scattering,

These reactions are ●nalogous to electron-electron scattering processes in which the ●x-

changed vector puticle is the photon, The unique feature of the neutrino scattering process

is its purely weak charuter. The standard modei prediction for this rate is

cr(v, e-, tk7rJ/) = 9.2 Eu(G’e V) x 10-’acml ,

which includes a substantial contribution from destructive interference of tllc two alnpli -

tudes.

The experiment (LAMPF ~xperim~nt 225), an Irviile. Los Alamoc-Marylancl col)~bo.

r~tion, used ● beam stop neutrino source with a well kllowl] spectrum of neutrinos froii~

piou and muon decay. The detector wac designed to detect the recoiling electroii from the



scattering procem, and ebminate false events from other sources. The detector is s]lown

in Fig. 2. The passive and active anti-coincidence shields are indicated, M is the fine-

grainecl active volume, which serves to record the electron tracks. The active volullle was

instrumented with layers of plaatic mintil.lators ( 10 tons) wld tracking chalnberg (4.5 tons)

comprised of 208,000 flaah cham~ers,

IIFi%hm”’>

H---&

Fi urP 2. The de~ector for the measurement of efmtron-mutrino scattering on elec-
trons, surrounding the primary detector is a p~sive Aiefd to reduce cosmic ray induced
backgrounds, an ●ctive anti-coincidence layer which additionally rejects ●~ectrons frorr,
muon decays in the pamive shield, and u inner converter which rejects photons and beam
associated penetrating particles,

The experimental tem~ I.M completed d d~ta coUectiori and is preparing ito final

publication, Electron”neutnno scattering on electronc produces recoil electrons in the

forward direction. The angular distribution shown in Fig, 3 clearly shows tl~is forward

peak. The ~pectrum includes both muou-neitrino and electron- neutrino scattering and

contributions from background processes such u scattering of neutrinos on 1~C’and 1xC and

neutron-proton scattering. The Monte Carlo calculation includes ml.1background processes,

Aown in the solid line histogram, Subtraction of theme backgrounds leaves 304 + 49 ●vents
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Figure 3. The angdar distribution ofevmts recorded in the study ofefectron.neutrino
d~tic scattering on electrons. The forward ●ak is clearly visible. The solid line shows

1the Monte Carlo prediction of all backgroun s,

resigned to d types of neutnno scattering on electrons. Further subtraction of the portion

~signed to GMand VA scattering ou electrons, based upon measured croes-sectious from

other experiments, leavea 251 + 50 events from electron-neutrinos. This agrees weU with

the standard model prediction. Currently, the team quotea an experimental rate

d(v, e-, ezp) = 10.7* 2.5 EJGeV) X 10-4’maa ,

which should be compared io the theoretical prediction ●bove, The result is consistent with

the destructive interference which result. in the standud model, and i- nearly five standard

devhtiom cway from constructive interference. Th-e reaulto ue currently undergoing iinal

corrections.

Search for Neutrho Oacillmtions (Appearance of G,)

The LAMPF beun stop is also the dte of ● aeuch for the appearance of ~, in a lar~e

detector that is cx-powcl only to incoming u., v~, and ~~, These neutrino varieties come

from m+ decay in the beam ctop, whereu the ~- component is captured, leaving at moot

a contamination of V, below the 10-s Icvel.

The experiment (LAMPF experiment 645) io an Arqonne-Caltech-LBL-LAMPF.

Lou.hiana State-ohio Sthte collaboration. The detector is shown in Fig, 4, It consists

of u active cosrnic-rsy ahie;d c ~de up of liquid scintiliators, ● passive shield made of

lead, ● 2000 gm/cm2 overburden to reduce incoming n~wtral puticles, and a 20-ton active

detector made up of liquid scintiiiators and drift tubes. The central detector is sensitive

to 0, by observing the recoil positron from inverse beta decay [p(tic,e+ )n], and haa Limited

neutron detectiou capability, The detector views the ‘~eam stop from a distance of 2C III,

In the USUA :wo-component description of oscillations, this experiment hu an L/E. =

0.65. lt~ sensitivity is similar to thd of othm ●xperiments ●t higher energy.



the
Figure 4, The neutrino detector and co mic rny shield used in the LAMPF search for

appearance of L.,

The team had a short run iu 1986, which revealed a large neutral background. This

waa traced to a surprising forgotten beam pipe that viewed the beam stop. In a long 1987

data run, the background problems were solved and the data set is undergoing the last

corrections iu the analysis. They are sensitive to oscillations at the l% level. They observe

a beam-associated excess of elect~ m tracks at a level consistent with backgrounds from

scattering of UCon 12C and 011electrons. At this point, they are claiming no evidence for

an ~cillation md are expected to present a final statement very soon,

The Large ~eren xov Detector

During the next 5-10 years, the new high-energy :Iectron-positron colliders wil! mea-

sur~ the rnm~ of the W and Z bosom to very high precision, This meuurement will provide

an accurate cleterminstion of the ●lectroweak mixing angle Ow of the elect roweak theory.

I.iowcver, only wheu combined with a sufflcient]y ucurat’: rue~ure of this angle St low

●nergies can the predictions of the ●lectrowcak themy be verified at the level of one-loop

rsdiative corrections. s The high-energy me-urenlents addresc only the firct-order “tree-

level” contributicms, Deviations from the standard model predictions are a ~ignature of

new physics.

A low-energy measurement of the ●lectroweak parameter based ~pon r,eutrino-electron

scattering is particululy clean because of the simplicity of the neutrino-Z vertex. TIIe value

obtained from neutriuo-elwtron scattering at LAhf PF energies can differ from the collider

due by M much u 7%, due to the energy-dependent radiative corrections, Furthermore,

only the beam properties at LAMPF make thit ]ueasureluent possible at tlie required

precision. The precision proposed for the LAMPF Large ~crcnkov Detector is better than

1%.



In the standard model, it can be ShOWRthat the ratio Of scattering cross-sections

R=
c7(vPe)

~v,c) + a(cpe)

can be written in terms of the ting ang]e M, if s = sinz #w,

By measuring the ratio R

better thmn lTo preci~ion.

1 –482 + y8’
R=:

1 + 2s2 + 88’

to better than 270 precision, the ~ng ~~e is deterlfined t.o

It u this measurement of neutrino-electron scattering that will

be carried out with the new Large ~ereukov Detector at LAMPF, by a Lou Alamos-Irvine-

UCLA-CJorado-CEBAF- New MexicmPennsyltia-Temple-William and Mary-Riverside

collaborate ion.

The conventional way to measure this ratio would be to employ two different neutrino

beams, one rich in MAand ● second beam rich in v, and GM,in sequence, The first species

is produced in pion decay, the second in muon decay. Changing over frOITIa pion rich to

muon rich beun might be done in alternate mouthc of running, for example. Carrying

out a precision experiment in this manner would be very d.iillcult. The time .tructure of

the LAMPF beam, aJ prepared by the new Proton Storage Ring, is a 270 ns long pulse

repeater! 12 tirues per second. Since pion decay and muon decay are characterized by such

widely difienng lifetimes, neutrinos obcetved in the first several hundred uanoaeconds are

those in the numerator of the ●xpmcion defining R. The muon decays occur over several

microseconds, yielding the crcm-sections in the denominator. Thuc every PSFt ptie yields

a neatly time-separated neutrino beam, Figure 5 shows th.h neutrino yield as ● function

J f 1
g- 1( lo4m)

Figure 5, Time distribution of neu(rinm from
Detector beam mtop,

3 4

each pulse into (he hrge ~erenkov



of tire,: from each PSR pulse. By recording the of time of each recoiling electron from

n neutrino mc~tter, the ratio which cleterminrs 1’ can he unfolded by fitting the tinle-

depeudeuc~ of the data set.

The Large ~eienkov Detector system is shown iu an isornetnc drawing in Fig. 6. The

PSR beam is transported in a 100 m long beam-liue that features very low losses and a

superconducting dipole that bends the beam 90° clown into the LCD beam stop, The target

is surrounded by a mmsive 15 m diameter ircm shield designed to reduce all backgrounds

from neutrons to an acceptable level. The neutnnoa exit the shield into ● cylindrical water

tank 32.2 m in clkrueter aud 511ed with water to a depth of 15.6 m. The outer veto region of

the water is typically 1.5 m thick, and the fiducial volume contains approximately 7000 tons

of water. Viewed by about 13000 photomultipliers, each approximately 20 cm diameter,

the photocathodes cover neuly 2070 of the tank surface. This fine grained imaging counter

should achieve a 10 MeV threshold with 27 photoelectrons in a minimum of 20 phototubes

M a primary trigger.

In ● 625 day run, at 100 ~A average beam current, there will be 12 events per day

from v~e and 101 events per day from ~~e and v.e, for s total of 7500 and 63,400 events,

respectively. The total statistical error on R is about 1.6% irom counting statistics, PSR

pulse shape variations, cosmic ray and neutron induced background subtractions, and v.-

oxygen scattering, Systematic errcm total 1.86% in R, The combined total error in sin’ 9W

is t heu 0.89T0. Systematic errors come from decay in flight, cosmic rayc, photons and m*

from neutron interactions, threshold energy uncertaiutiea and nou-uniforro ●fficiency.

The Large ~erenkov Detector W be capable of addressing several other fundamental

topics ●t the same time the standard model study is carried out. These in :Iude several

typea of neutnno oscillation searches, searches for neutrino structure such u ● charge

radius or magnetic moment, observation of neutrino burst~ from supernovae, searches for

u-ward going muons, Iepton number violation and heavy u,eutrincw or axions.

Neutrino Cwi.llations can be detected in departur~ of the ratio R from the standard

model predictions, observation of raclkl cmcii.latious in the cylindrical detector volume

and observation of ● contribution to the vc-oxygen signal with a monoenergetic signature.

Siuce the v,e crow-section is ceven times larger tbau the other vee cross-sections, LCD

can search for the procesoea v, ~ UP ‘IT and v, ~ v? by measuring an incrcaae in R.

Disappearance experiments (VP + GP(sterile), v, + ~,(sterile)) also show up u changes

in R.
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By unfolding the radid dependence of the eventq, oscillations that occur with a wave-

length close to tbe tank radius are detectable, particularly in the prompt signal from the

monoenergetic VP, or in the v@-oxygen event radial distribution. Since the LCD beam stop

produces monoenergetic tiP, the process VP - v. will result in prompt va-oxyqen events

which are uionoenergetic,

The bed sensitivity S 3 likely be achieved in the search for the process UP ~ E.,

the same process sought in the current LAMPF experiment, In the LCD case, the sigual is

the inverse beta decsy, which b okrvable ●bove the Ied.ing background from ut-oxygen

events. Iu the usual . ~~component oscillation description, LCD should achieve Limits on

the quantity Sina 2U of Aout 2 x 10-4, Detailed sensitivities for these and other oscillation

proceusea are presented in the full propcwal,’

If the ●lectron or muon neutrino hu s sutliciently large magnetic moment or charge ra-

dius, then LCD will observe a anomalous value of R and an anomalous y distribution (y =

E./E. ). A non-sero magnetic moment (or ●lectric moment) increues the neutrin~electron

crews section and makes the y distribution peaked toward y = 0, LCD would achieve sensi-

tivity comparable to or better than limits derived from terreatnal or utrophysical consider

ationc.’llo’l 1 A non-zero charge radius can increase or decrease t !le cross section and hM

the ●ffect of flattening the y distribution, LCD Iitits on such unexpected compositeness

fall in the 10-8s cma range, better than exicting limits by an order of magnitude.



LCD is similar to IMB or KAMIOKANDE 11in its ability to detect neutrinos, muons,

and ●lectrono from supcmowu, Due to its thin overburden, it !-IM significantly higher

cosmic ray related back grouuds. Nevertheless, electron neutrinos from the proll~pt collapse

phue and delayed high-energy muon neutrinos can be detected,

LCD r~quires only a small enhancement to its data acquisition electronics to make this

possible. Our estimate for the LCD response to another SN1987A is 35 events, or if this

supernova were in our galaxy, 750 events, The range of our estimates for high multiplicity

electrons reaches as high aS 16000 events in 10 neconrls. e For a modest addition to t]le

hardware, this detector, ●zdy nmintaiuable for a decade Jecause it is on-site at a large,

national laboratory, offers an attractive capability in neutrino ~trouomy.

Separate experiments at LA.MPF on lepton number conservation, electron neutrino

scattering on electrons and searches for oecilhtions have set the stage for the next decade

of LAMPF research with neutrinos using the Large ~erenkov Detector.
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Preeent and Future Neutrino Physics Reeearch

at the Los Alarnoo Meson Physics Facility

Gary H. Sanders

Los Alamoa National Laboratory, La Alamos, NM 87544 USA

The Los AJamos Meson Physics Factity is currently the site of two neu-
trino experimmts. A measurement of ehwtic scattering of ●lectron-neutrinos
on efectrons is prom”ding confirmation of the destructive intefierence between
the weak neutral and charged currents predicted in the standard electroweak
theory. A search for the appearance of G. is being carried out ●t the LAMPF
beam stop, u wed. The status of this experiment is described. A major new
titiative is being undertaken to memure neutrino-electron scat ten”ng in a large
water Cerenkov detector. This measurement wiU be precise enough to provide,
in combination with the me~urements to be performed at the new generation
of high-energy efectron-paitron cofliders, the first experkentd st udy of the
standard ●kctroweak theory ●t the levei of one-Joop radiative correction~. The
detector will also be ● vehicle for neutrin~oscdlation searches, measurement
ofn<utrinm from supernovae, and other fundamental physics. The apparatus
will consist of a neutrino production target and shield surrounded by ● water

Cerenkov detector. The fiduciaf voiume of water wifl be ●pproximately 7000
tons, viewed by approximately J3000 20 cm diameter photornultiplier tubes.

Introduction

The 800 McV, 1 ma awrage proton current beam from the linear accelerator at the Los

Alamoa Meson ‘hyaics Faciiity (LAMPF ) is currently being used to complete two major

neutrino experiments. In addition, a major new initiative to explore neutnno-electron

scattering with h large water ~erenkov detector has begun, The ncw Large ~erenkov

Detector (LCD) w-allexploit the unique beam characteristics ●vailable at LAMPF to carry

out a precision t-t of the standard electroweak theory. This teat will be sensitive to the

radiative corrections which modify neutrin~ekctron scattering at the one-loop level,

The proton beam available from the LAMPF lineu accelerator is characterized by

very high cu~nt (< 1 ma) and low duty factor (6-1070), The rezulting high beam power

fariiitates a bright beam stop neutrino source. The low duty factor aids in the suppression

of cosmic ray induced backgrounds.

This beam hm been used in a study of the nature of muon-number conservation

which favored additive muon-number conservation, 1 The bearu stop source has bwn used

to measure the rate of electron-neutriuo el~tic scattering on ●lectrons u a search for

interfererice between the ampUtudea of the charged and neutral weak currents. ] The

standard electroweak theory provides a quantitative prediction of destructive interference



which reduc~ the rate at which this scattering is observed. The beam stop is also a source

for a current search for oscillation of v~, UP or UCinto oC, often ckscribecl as an appearance

experiments

The LAMPF accelerator facility includez a new proton ctorage ring (PSR),4 The

extracted beam from the P3R ha.a an energy of 800 MeV, ● design current averaging 100

PA, with a unique, short pulse structure. Typically, pulses 270 ns long, at a repetition

rate of 12 Hz, provide the design current. The exceptionally short pulses ●ud low duty

factor ah-i removal of comnic ray induced backgrounds in a typical neutrino experin]ent.

Even more important, this pulse structure permits ● cleu time sepuation of neutrinos

produced by pion dec~y (VP) and theme produced by muon decay (v. aud GM), Thus, two

nearly simultanmus, intersperse!, but distinguishable [Ieutrino beams are ●tilable from a

beam stop illuminated by the PSR be=. This capability is ~nique at LAMPF. It ●nables

the plauned study of neutrino-.dectrou scattering with the Large ~erenkov Deteclor (LCD),

Elastic Scattering of Electron-Neutrinos on Electrons

In the standard model, ●lectron-neutrino scattering on ●lectrons involves the ●xchange

of both chuged W beams and the neutral Z boson and the interference between theee two

amplitudes. The Feymnan diagrams for these two currents are show2n in Fig, 1.

U(v. o) -
M+N

Figure 1, Scattering of electron-neutrinos on ekctrons procmfs via ● mixture of
the neutral wea,k current in which the ~ u exchanged, and the charged weak current in
which the W- is exchaq;ed, ~nte.rference between these two amplitudes contributes to the
observed rate for the scattering.

Theoe reactions ue ●nalogous to electron-electron scattering processes in which the ex-

chauged vector particle is the photon, The uuique feature of the neutrino sc~ttering process

is its purely weak chuacter, The studarrl model prediction for this rate is

m(v,e-, ihecwy) = 9.2 Eti(Ge V) X 10-42cnta ,

which includes ● subttantid contribution fron] destructive interference of the two alnpli -

tudes,

The experiment ( LAMPF ~xperiment 225), an I:vine-Los Alamos-Maryland collabo-

ration, used a beun stop neutrino source with a well known spectrum of neutrinos from

pion and muon decay. The detector wu designed to detect tile recoihng elec’ ron from the



~cattering process, and eliminate false events from ot!ler sources, The detector is shown

in Fig. 2, The passive and sctive anti-coincidence shields are indicated, u is the fine-

graiuecl active volume, which serves to record the electron track.a, The active volullle was

instrun~ented with layers of pl~tic ocintillators (10 tons) and tracking chanlbers (4.5 tons)

comprised of 208,000 flash chambers.

& M r-

Fi ure 2, The detector for the mcuurement of ekctron.n~utrino scattering on ●lee-
tron8. $ urrounding the primary detntm is a p-sive shie~d to reduce comic ray induced
backgrounds, an sctive anti-coincidence layer which ●dditionally r~jerts e~ectrons from
Il]uon decJ,ys in the pamive Aid, ~~d an inner converter which rejects photons and beam
associated penetrating pm ticle8.

The experimental team has completed U data collectiori snd it preparing its final

publication. Electron-neutrino scattering on ●lectrons produces recoil electrons ill tlie

forward direction. TIJC ●ngular distribution shown in Fig. 3 clearly SIIOWOthis forward

peak. The cpectrum includes both muon-neutrino ●nd electron. i~eut ril]o scattering and

contributions from background prccesses such u sc~ttering of neutrinos on ‘2C’and ‘3C!and

neutron-proton scattering. The Monte Carlo calculation includes all background processem,

shown in the solid line histogram, Subtraction of these backgrounds leaves 304 + 49 ~vents
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Figure 3. The sngdar distribution of events recorded in the study ofe~ecfron-neutriJ]o
A8tic scattering on efect rons. The forward ~ak is clearly visible. The solid line shows

?the Moute Cufo prediction of ail backgroun s.

uoigned to all types of neutnno scattering on electrons. Further subtraction of the port:on

aacigued to D~ and VP scattering on electrons, based upon rueuured crom-sectious from

other experiments, I?avm 251 + 50 events from electron-neutrinos, This agr=~ well with

the standard model prediction, Currently, the team quotes u experimental rate

r(u, ●-, ezp) = 10.7+ 2.5 Ev(GeV) x 10-4Jcm2 ,

which should be compared to the theoretical prediction cbove, The result ie consistent with

the destructive interference which rmult~ i~ the standud model, and it nearly five standard

deviations sway from conctructivc interfcreucei Th- rmultc Me currently undergoing final

corrections.

Search for Neutrino Oocillmtiom (Appearance of D,)

The LAMPF beam otop io alJO the site of s oesrch fcr the ●ppearance of 9, in ● luge

detector that is exposed only to incoming u., PM, and ~~, These neutrino nneties come

from r+ decay in the beam stop, whereu the n- component is ctptured, le~ving ●t most

● contamination of D, below the 10-$ leve!.

The experiment (LAMPF experiment 645) is an Argonne-Caltech-LBL-LAMPF-

Louisiana State-Ohio State collaboration. The d~tector i~ shown in Fig, 4, It consists

of sn active cosmic. ray shield made up of liquid scintillstorc, a p~cive shield made of

lead, ● 2000 gin/cm’ overburden to reduce Incoming neutral particles, and s 20-tol~ ●ctive

detector msde up of liquid scintii,latort and drift tubes, The cen!ral detector is sensitive

to G, by observing the rwoil positron from inverce beta decay [p(G@,e+)n], ●nd hu limited

neutron detection cap~bility, The detector viewe the be~m stop from ~ distulce of 26 Ill.

In the u~ual lwo-component deacnption of oocil.htions, thit experiment has an L/E” =

0,65, Its sen.itivlty is similar to thmt of other experiments St higher energy.
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Figm~ 4. Thf ncutrino detector and comnic rny shield used in the LAMPF search for
the appearance of ties

The team had ● short run iu 1986, which revealed a large neutral background, This

waJ traced to a surprising forgotten beam pipe that viewed the beam stop. In a long 1987

data ruu, the background problemo were solved and the data set is undergoing the last

corrections in the ●nalysis, They are sensitive to oscillations ●t the I?lo level. They observe

a be~m-a.mociated excem of electron tracks ●t a level consi~tent with backgroulicis from

scattering of v, on laC aud ou electrons, At this point, they are claiming no evidence for

an oscillation and are expected to present a final statement very soon.

The Large ~erenkov Detector

During the next 5-10 years, the new high-energy dectron.positron colliders will ulca-

sure ~he mass of the W ●nd Z bosons to very high precision. Thic meuurement will pro~ide

an accurate determination of the electroweak mixing sngle @w of the elect roweak tllec, ry.

Iluwever, only when combined with ● suMciently ●ccurate meaaure of this ●ngle at low

●nergies can the predictions of the elect roweak thmry be verified at the level of one-loop

radiative corrections. ~ The h.igh.energy mea.surcnlente ●ddress only the fir~t. order ‘(tree-

level” contributiuuo. Deviations from the standard model predictions are a signature of

new physico.

A low-energy me~urement of the elect roweak parameter based upon neutrino.electron

Ocatteri(ig is partic~ar]y C]eall ~ecauce o{ the Iilllplicity of t)le lleutril:o-Z vertex, The vnlue

obtdned from neutrino-electron scattering at LAMPF energies can differ from fhe collider

value by u much w 7Y0, due to the ●nergy-dependent radiative corrections, Furthernlor~,

only the beam properties ●t LAhf PF nlake this l]leasurelliel~t possible at the rcquir~rl

precision. The precision proposed for the LAMPF Large ~menkov Detector is bett~r than

1%,



In the standard model, it can be shown ~hat the ratio of scattering croos-sections

R=
c7(V~e)

U(v, e) + &(upe)

can be written in terms of the mixing angle aa, if s = sins (?W,

1-481 + yd
R: =

1 + 2s2 + 8s4

By me-unng the ratio R to better than 2% precision, the mixing angle is deterlnined to

better than 1% precision, It is this measurement of neutrino-electron scattering that will

be carried out with the new Luge ~erenkov Detector at LAMPF, by a Los Alamos-Irvine-

UCLA-Colorado-CEBA F-New Me~~o-Pennsylvania-Temple-Willis.m and Mary-Riverside

collaboration,

The conventional way to meuure this ratio would be to employ tw~ different neutrino

beams, one rich in v~ and ● second beam rich in Ua ●nd CM,in sequence, The first species

is produced h pion decay, the tecond in muon decay. Changing over from s pion rich to

muon rich beam tight be done in mlternate mouths of running, for example, Curying

out ● precision ●xperiment in this manner would be very difilcuit. The time structure of

the LAMPF beam, u prepued by the new Proton Storage Ring, {s a 270 ns long pulse

repested 12 timeu per second. Since piou decay ●nd muon decay are chuacterised by such

widely d.iffenng lifetimes, ncutnnos observed in the first several hundred nanoseconds tre

those in the numerator of the expression defining R. The muon decay~ occur over several

microseconds, yielcling the cross-section~ iu the denominator, Thl!c every PSR pulse yields

● neatly time-separated neutrino beam, Figure 5 shows thh neutrino yield u ● function

L,........-*vBa\hm

Figure 5,
Detector beam

Ti~le distribution O( neufrinos from ●ach pufJe h(o /he ~mge ~’erenkov
8(oph
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of the from each PSR pulse. By recording the of time of each recoiling electron from

m neutrino ecstter, the ratio which determines R can I)e unfolded by fitting the t.inlc.

depeudeuce of the data set.

The Large ~erenkov Detector system is shown ill an isometric drawing in Fig. 6. The

PSR beam is transported in a 100 m long beam-line that features very low losses and a

superconducting dipole that bends the beam 90° down into the LCD beam stop. The target

is surrounded by ● muoive 15 m dianeter iron shield designed to reduce ●ll backgrounds

from neutrons to an acceptable level. The ueutrinoc exit the shield into a cylhdrical w~ter

tauk 32,2 m in diameter and filled with water to a depth of 15,6 m. The outer veto region of

the water is typically 1.5 m thick, and the fiducial volume coutains ●pproximately 7000 tons

of water. Viewed by about 13000 photomultipliers, each ●pproximately 20 cm diameter,

the photocmthodes cover neuiy 2070 of the tank surface. This fine grained imaging counter

should achieve a 10 MeV threshold with 27 photoelectrons in a minimum of 20 phototubes

as s primary trigger.

In ● 625 day run, at 100 PA ●verage beam current, there will be 12 ●vents per day

from vPe and 101 eveutt per dty from P@eand v.e, for ● total of 75fM ud 03,400 event~,

respectively. The total statistical error cm R is about 1.670 from counting statistics, PSR

pub shspe Variatiom, comic ray and neutron induced background subtractions, and u,.

oxygeu ocattenng. Systematic errors totaJ 1.86% in R. The combined total error in cin2 @w

is theu 0.899?0. Systemstic errors come mm decwy in fight, coomic rays, photouc ●nd R*

from neutron interactions, threshold energy uncertaiutiea and nou-un.iforru d?lciency.

The Large ~erenkov Detector will be capable O( sddreming several other fund smentd

topict ●t the sun. tire. th. staudard model study is carried out. These include several

types of neutrino oocillatlon cearchea, remrchem for neutrino ttructure such u s chuge

radius or magnetic moment, obmr~tion of neutrino bursto from superno-l searche~ for

upward going muons, Iepton numb.r violstion and heavy neutrinos or axiont.

Neutrino oscilhtions can be detected in departurea of the rstio R from the standard

model predktiono, observatkm O( radial Oscfflst{ons in the cyl.kdrical detector volume

and obser-tion of ● contrib’.ttion to the vc.oxygen signal with ● monoenergetic signatur~,

Siuce the vce croa.mction is seven tin~es kger thau the other vte cross-smtion-, L(’D

can couch for the procemot us ~ UP ‘“ ●nd v. — u? by mcuuring u~ incrcasp in R.

Dlosppeusnco experiments (UP + PP(oterile), u, - G,(cterile)) also show up u changes

in R.
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Figure 6. hometric view of the Large ~erenkov Detector.

By unfolding the radial dependence of the events, oscillations tl,;t occur with ● wave-

length clooe to the tank radius are detectable, particukly in the prompt sigud from the

monoenergetic UP, or in the v.-oxygen ●vent rd.ial distribution-. S~,nce the LCD beam stop

produces monoanergetic V@,the procem V@~ v. will result in prompt va.oxygen events

which we monoenergetic.

The beat -ensitivit y will likely be ●chieved in the search for the process ~P ~ G,,

the tame procets cought in the current LAMPF experiment, Iu the LCD CUC, the sigual is

the inver~e beta decay, which it observable ●bove the leading background from vc-oxygen

event~, In the usual two-component oscillation description, LCD Aould achieve limits oI~

the qumtity tin2 2a of about 2 x 10-4. Detailed wmdtivities for the.c and other oscillation

processes are presented in the full propoml.”

If the electron or muon neutriuo has ● sufllciently large rlagnetic moment or charge ra-

dius, then LCD will obterve an anomalout value of R ●nd an nnornalous y distribution (y =

E./E. ), A nou. sero magnetic moment (or ●lectric moment) ~ncreases the neutrino-electron

cross section and makes the y chtrihution peaked towsrd y = 0, LCD would achieve ~ensi-

tivity comparable to or better than Iimitt derived from terrestrial or utrophyeical con~icler

*tions.’*l O’ll A non-sero charge radius can increaae or decreaae the cross section and ham

the effect of fltttcniug the y distribution, LCD hnlit- on [Iuch unexpected componitene~c

fall in the 10-8$ Crna range, better than existing limits by an order of magnitude,
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LCD is skn.i.lar to IMB or KAMIOKANDE 11 in its ability to detect neutrinos, muons,

and ●lectrons from supernovae. Due to its thin overburden, it has significantly higher

cosmic ray related back grouuds. Nevertheless, electron neutrinos from the prompt colla:jse

phase and delayed high-energy muon neutrinos can be detected.

LCD requires only a small enhancement to its data acquisition electronics to make this

possible. Our ●stimate for the LCD response to another SN1987A is 35 eveuts, or if this

supernova were in our galaxy, 750 events. The ruge of our eatiumtea for high multiplicity

electrons reaches as high as 16000 events in 10 seconds .’ For a modest addition to tbe

lmrdware, this detector, ea.si.ly maintainable for a decade because it is on-site ●t a large,

national laboratory, offers an ●ttractive capability in neutnno astronomy.

Sepuate ●xperiments at LAMPF on Iepton number conservation, electron neutrino

scattering ou electrons and seuches for oscil.htious have set the stage for the next decade

of LAMPF research with neutrinos using the Large ~erenkov Detector.
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