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Neutrino anomalies without oscillations
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Abstract. | review explanationsfor the threeneutrinoanomalieqsolar atmospheri@and LSND)
which go beyondthe ‘conventional’ neutrinooscillationsinducedby mass-mixing.Several of these
requirenon-zeroneutrinomassegswell.
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1. Introduction

Asiswell-known, it is not possibleto accounffor all threeneutrinoanomalieswith justthe
threeknown neutrinos(v,, v, andv;). If oneor moreof themcanbe explainedin some
otherway, thenno extrasterileneutrinomeedbeinvoked. Thisis onemotivationfor exotic
scenariosln ary caseit is importantto rule out all explanationsotherthanoscillationsin
orderto establistheutrinomixing andoscillationsasthe uniqueexplanationfor the three
obsenedneutrinoanomalies.

I shouldmentionthat,in generalsome(but notall) non-oscillatoryexplanationsof the
neutrinoanomalieswill involve non-zeroneutrinomassesand mixings. Therefore they
tendto be neitherelegantnor economical. But the main issuehereis whetherwe can
establistoscillationsunequvocally anduniquelyasthe causefor the obsernedanomalies.

| first summarizesomeof the exotic scenario@ndthenconsidereachanomalyin turn.

2. Mixing and oscillations of masslessv's

Therearethreedifferentwaysthatmasslessieutrinosmay mix andeven oscillate. These
areasfollows:

1. If flavor statesare mixturesof massles@aswell massve statesthenwhenthey are
producedn reactionsvith Q-valuessmallerthanthe massve statetheflavor states

are massles$ut not orthogonal[1]. For example,if v, = E;‘Zl Ueivi, vy =
Z;‘:l U,iv; andm; = 0 for ¢ = 1 to 3 but my = 50 GeV, then'v,’ producedn
B-decayand'v,’ producedn w-decayaremasslessut not orthogonaklnd

We | vy) = =U2y Ups (1)
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Ontheotherhandv, andv, producedn W decaywill notbe masslessandwill be
morenearlyorthogonal.Hence the definition of flavor eigenstatés enegy andre-
actiondependenandnot fundamental Currentlimits [2] on orthogonalityof v, v,
andv, makeit impossiblefor thisto play any role in thecurrentneutrinoanomalies.

. Whenflavor changingneutralcurrentsaswell asnon-Universalneutralcurrentcou-

plingsof neutrinosexist, onehas,for example:

4Gy i
““ 7 {Det Yp VoG Yuqr +hoc}

4Gy ) )
+€;—\/§F {VeL Yu Ver — VrL VY I/.,_L} {qL Yu qL} . (2)

Suchcouplingsarisein R-parity violating supersymmetritheories[3]. In general,
in thesetheories,pneexpectsneutrinomasseat somelevel, hereit is assumedhat
the FCNC providesthe dominanteffect. In this casethe propagatiorof v, andv, in

matteris describedy theequation:

d (v _(a+B ~ Ve
), - (0 ) (), @

wherea = GpN,, 8 = ¢,Gp N, andy = e;GFNq. Thereis aresonancet o +
26 = 0ore = —1/2N,./N, andv, cancorvertto v, completely This matter
effect which effectively mixesflavorsin absencef massesvasfirst pointedout by
Wolfensteinin the samepaper[4] where mattereffectswerefirst discussed.The
resonantorversionis justlike in the conventionalMSW effect, exceptthatthereis
no enegy dependencandv andv areaffectedthe sameway. This possibility has
beendiscussedn connectiorwith bothsolarandatmospheri@anomalies.

. (a) Flavor violating gravity whereinit is proposedhat gravitational couplingsof

neutrinosareflavor non-diagona[5] andequialenceprincipleis violated. For ex-
ample,; andv, maycoupleto gravity with differentstrengths:

Hy = 1GEY + f2GE¢ (4)

whereg is the gravitational potential. Thenif v, andv, aremixturesof v; andv,
with amixing angled, oscillationswill occurwith aflavor survival probability

P =1 — sin® 20 sin’ (%5 f¢EL> (5)

wheng is constanbverthedistancel andd f = f; — f2 isthesmalldeviationfrom
universalityof gravitational coupling. Equivalenceprincipleis alsoviolated.

(b) Another possibility is violation of Lorentzinvariance[6] whereinall particles
have their own maximumattainablevelocities(MAV) which areall differentandin
generalalso differentfrom speedof light: thenif v, andv, are MAV eigenstates
with MAV’sv; andv, andv, andy,, aremixturesof »; andw, with mixing angled,
thesurvival probability of a givenflavor is
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.. 2 ) 1
P =1 —sin” 26 sin (iévEL> , (6)

wheredv = v; — vs.

As far asneutrinooscillationsare concernedthesetwo casesareidenticalin their
dependencen LE insteadof L/ E asin the corventionaloscillations[7].

3. Neutrino decay

Neutrino decay[8] implies a non-zeromassdifferencebetweentwo neutrinostatesand
thus,in generalmixing aswell. | will considethereonly non-radiatvedecaysWe assume
acomponenbdf v,, i.e.,vs, to bethe only unstablestate with arest-framdifetime ry, and
we assumewo flavor mixing, for simplicity:

v, = cosfvy +sinfv; @)
with my > m;. Fromeq. (2) with anunstablev,, thev,, survival probabilityis

Py =sin* @ + cos* fexp(—aL/E) (8)
+ 25sin? § cos® fexp(—aL/2E) cos(ém>L/2E),

wheredm? = m% —m? anda = m» /7. Sincewe areattemptingto explain neutrinodata
without oscillationstherearetwo appropriatdimits of interest.Oneis whenthe dm? is so
largethatthe cosinetermaveragego 0. Thenthe survival probabilitybecomes

P,, =sin* 0 + cos* fexp(—aL/E). 9)

Let this be calleddecayscenarioA. The otherpossibilityis whendm? is sosmallthatthe
cosinetermis 1, leadingto a survival probability of

P, = (sin? @ + cos? 6 exp(—aL/2E))? (10)

correspondingo decayscenaridB. Decaymodelsfor bothkinds of scenariosanbe con-
structed;althoughthey requirefine tuningandarenot particularlyelegant.

4. LSND

In the LSND experimentwhatis obsenedis thefollowing [9]. In thedecayatrest(DAR)

whichis yt — e*v,. 7, which shouldgive apurev, signal,thereis aflux of v/ s atalevel
of about3.10~2 of the v!s. (Thereis a similar signalfor /s accompaging #.s in the
decayin flight of 4~ — e~ 7.r,). Now this could be accountedor without oscillations
[10] providedthatthe corventionaldecaymodeu™ — etv,v,(u~ — e~ .v,) isaccom-
paniedoby theraremodeu® — et v, X (u~ — e~ v, X) atalevel of branchingfractionof
3.10~3. AssumingX to beasingleparticle,whatcanX be?It is straightforwardto rule
out X asbeing(i) v, (too largearatefor muonium-antimuoniuntransitionrate), (i) v,
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(toolargearatefor FCNCdecaysf Z suchasZ — pé + pe) and(iii) v, (toolargearate
for FCNCdecay=f 7 suchasT — uee).

Theremainingpossibilitiesfor X arev, or vsgerie- NO Simplemodelsexist which lead
to suchdecays.RatherBaroquemodelscanbe constructedvhich involve a large number
of new particles[11].

Experimentateststo distinguishthis raredecaypossibility from the conventionaloscil-
lation explanationareeasyto state.In theraredecaycase therateis constanandshavs
nodependencen L or E.

Onecanalsoaskwhetherthe 7, eventsseenin LSND could have beencausedy new
physicsat the detector;for examplea small rate for the ‘forbidden’ reactionv, + p —
n + et. Thisis ruled out, sincea fractional rate of 3.10~2 for this reaction,leads(via
crossing)o aratefor thedecaymoden* — e*v, in excessof known bounds.

5. Solar neutrinos

Oscillationsof masslessieutrinosvia flavor changingneutralcurrents(FCNC) andnon-
Universalneutralcurrents(NUNC) in matterhave beenconsidered3,12] asexplanation
for the solarneutrinoobsenations,mostrecentlyby Bahu, Grossmarand Krastes [13].
Using the mostrecentdatafrom Homestak, SAGE, GALLEX and superKamiokande,
they find goodfits with €, ~ 102 ande!, ~ 0.43 ore; ~ 0.1to0 0.01with €/, ~ 0.57.

Sincethe mattereffectin this caseis enegy independentthe explanationfor different
suppressiorfor 8B, "Be and pp neutrinosas inferredis interesting. The differing sup-
pressionarisesfrom the fact that productionregion for eachof theseneutrinosdiffer in
electronandnucleardensities.This solutionresembleshe largeangleMSW solutionwith
thedifferencethatthe day—nighteffectis enegy-independent.

The masslesseutrinooscillationsdescribedn eq. (6) alsooffer a possiblesolutionto
solarneutrinoobsenations.Therearethreesolutions.Two arecharacterizedy sin? 26 ~
2.1073,6v/2 ~ 6.10~'? andsin® 20 ~ 0.7,5v/2 ~ 10~2!; theseareanalogsof the smalll
angleMSW andlarge angleMSW solutions[14]. Thesearenow ruledout[15] (for both
ve — v, andv, — v;) by therecentNUTEV data[16]. Thethird oneat sin?26 ~ 1 and
(6v/2) ~ 10~2* (the analogof the vacuumsolution)is the only oneallowed [17]. This
possibility canbetestedn long baselinesxperiments.

The possibility of solarneutrinosdecayingto explainthediscrepang is a very old sug-
gestion[18]. Themaostrecentanalysisof the currentsolarneutrinodatafindsthatno good
fit canbefound: U,; ~ 0.6 andr, (E = 10 MeV) ~ 6 to 27 seccomeclosest[19].
The fits becomesomevhat betteronly if the suppressiomf the solarneutrinosis enegy
independenasproposedyy severalauthorg20] (whichis possibleif the Homestak data
areexcludedfrom thefit). Theabove conclusionsarevalid for boththe decayscenario#A
aswell asB.

6. Atmospheric neutrinos

The massles$CNC scenarichasbeenrecentlyconsideredor the atmospherimeutrinos
by Gonzales—Garciatal [21] with the mattereffect suppliedby the earth. Goodfits were
found for the partially containedand multi-GeV eventswith ¢, ~ 1,¢, ~ 0.02 aswell
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€ ~ 0.08,¢, ~ 0.07. Thefit is poorerwhenhigherenegy eventscorrespondingo up-
comingmuonsareincluded[22,23]. Theexpectationdor futureLBL experimentsarequite
distinctive: for MINOS, oneexpectsP,, ~ 0.1 andP,, ~ 0.9. The story for massless
neutrinososcillating via violation of equivalenceprinciple or Lorentzinvarianceis very
similar. Assuminglargev,, — v, mixing, andév/2 ~ 2.10~22, agoodfit to the contained
eventscan be obtained[24]; but as soonas multi-GeV and thrugoing muon eventsare
included thefit is quite poor[22,23].

Turningto neutrinodecayscenarid, it wasfoundthatit is possibleto choose? anda to
provideagoodfit to thesuperKamiokandel / E distributionsof v, eventsandv,, /v, event
ratio [25]. The best-fitvaluesof the two parametergarecos? § ~ 0.87 anda ~ 1 GeV/
Dg,whereDg = 12800 km is thediameterof the Earth. This best-fita valuecorresponds
to arest-framev, lifetime of

To = mz/a ~ ma X 10_105. (11)

(1eV)

However, it wasthenshown thatthefit to the higherenegy eventsin superK (especially
theupcomingmuons)is quite poor[22,23].

In all thesethreecasesthe reasonthat the inclusion of high enegy upcomingmuon
eventsmakesthefits pooreris very simple. The upcomingmuonscomefrom muchhigher
enegy v, sandalthoughthereis somesuppressiorit is lessthanwhatis obsenedfor lower
enegy eventsat the sameL (zenithangle). This is in accordancevith expectationdrom
corventionaloscillations.The enegy dependence the above threescenarioss different
andfails to accountfor the data. In the FCNC casethereis no enegy dependencand
sothe high enegy v, s shouldhave beenequallydepletedjn the FV gravity (or Lorentz
invarianceviolation) at high enegiesthe oscillationsshouldaverageout to give uniform
50% suppressiomndin thedecayA scenariadueto time dilation the decayis suppressed
andthereis hardlyary depletionof v/ s.

Turning to decayscenarioB, considerthe following possibility [26]. The threeweak
couplingstates/,,, v., vs (Wherev;, is asterileneutrino)may be relatedto the masseigen-
states 3y by theapproximatemixing matrix.

vy cosf sinf 0 2
v, | = | —sinf cosf 0 V3 (12)
Vg 0 0 1 V4

andthedecayisvs — 74+.J. Theelectromeutrinowhichweidentify with v, cannotmix
very muchwith the otherthreebecaus®f the morestringentooundsonits couplings[27],
andthusour preferredsolutionfor solarneutrinosvould besmallanglematteroscillations.
Thenthedm3, in eq. (1) is not relatedto the §m3, in the decay andcanbevery small,
say< 10~*eV? (to ensurethatoscillationsplay no role in the atmospherimeutrinos).in
thatcasetheoscillatingtermis 1 and P(v,, — v,,) becomes

P(v,, = v,) = (sin? 6 + cos? fe~*L/2E)2, (13)
Thisis identicalto eq.(13)in ref. [8].
In orderto comparethe predictionsof this modelwith the standards,, +» v, oscillation

model,we have calculatedwvith Monte Carlomethodghe eventratesfor containedsemi-
containedandupward-going(passingandstopping)muonsin the superK detectorin the
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absencef ‘new physics’,andmodifying the muonneutrinoflux accordingto the decayor

oscillationprobabilitiesdiscussedbove. We have thencomparedur predictionswith the

superK data[25], calculatinga x2 to quantify the agreementor disagreementpetween
dataandcalculations.In performingour fit (seeref. [22] for details)we do not take into

accountary systematiauncertainty but we allow the absoluteflux normalizationto vary

asafreeparametep.

The‘no new physicsmodel’ givesavery poorfit to thedatawith x? = 281 for 34d.o.f.
(35binsandonefreeparameters). For thestandard,, <+ v, oscillationscenarichebest
fit hasx? = 33.3 (32d.o.f.) andthe valuesof the relevantparametersire Am? = 3.2 x
1073 eV?, sin® 20 = 1 andf = 1.15. Thisresultis in goodagreemenwith the detailed
fit performedby the supefK collaboration[25] giving us confidencethat our simplified
treatmentof detectoracceptanceand systematiauncertaintiess reasonable . The decay
modelof eqs(3) and(4) above givesan equallygoodfit with a minimum 2 = 33.7 (32
d.o.f.) for the choiceof parameters

7,/m, = 63km/GeV, cos® 6 = 0.30 (14)

andnormalizations = 1.17.

In figure1 we comparehebestfits of thetwo modelsconsideredoscillationsanddecay)
with the superK data.In thefigurewe shav (asdatapointswith statisticalerrorbars)the
ratiosbetweerthe superK dataandthe Monte Carlo predictionscalculatedn theabsence
of oscillationsor otherform of ‘new physics’beyondthe standardnodel. In thesix panels
we shawv separatelythe dataon e-like and y-like eventsin the sub-GeVand multi-GeV
samples,and on stoppingand passingupward-goingmuon events. The solid (dashed)
histogramscorrespondo the bestfits for the decaymodel(v,, <> v, oscillations). One
canseethatthe bestfits of the two modelsare of comparablequality. Thereasorfor the
similarity of theresultsobtainedn thetwo modelscanbeunderstoodby looking atfigure2,
wherewe shawv the survival probability P(v, — v,,) of muonneutrinosasa function of
L/E, for thetwo modelsusingthe bestfit parametersin the caseof the neutrinodecay
model(thick curve) the probability P(v,, — v,,) monotonicallydecreaseBom unity to an
asymptoticvaluesin® 6 ~ 0.49. In the caseof oscillationsthe probability hasa sinusoidal
behaiourin L/E,. Thetwo functionalforms seemvery different; however, taking into
accountthe resolutionin L/ E,, the two forms are hardly distinguishable.In fact, in the
large L/ E, region, the oscillationsare averagedout and the survival probability there
canbe well approximatedwith 0.5 (for maximal mixing). In the region of small L/E,
both probabilitiesapproachunity. In the region L/E, around400 km/GeV, wherethe
probability for the neutrinooscillation model hasthe first minimum, the two curvesare
mosteasilydistinguishableat leastin principle.

Decaymodel

Therearetwo decaypossibilitiesthat can be considered:(a) v, decaysto 74 which is
dominantlyv, with v, andvs mixturesof v, andv,, asin eq. (12), and(b) v, decays
into 74 whichis dominantlyz, andv, andvs aremixturesof v, andy,. In bothcaseghe
decayinteractionhasto be of theform

Ling = g24 V§, 2, J + hec., (15)
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Figure 1. Comparisorof decaymodel(solid histogramsandy,, — v oscillationmodel
(dashechistogramsyith supefK data.

where J is a Majoron field thatis dominantlyiso-singlet(this avoids ary conflict with
theinvisible width of the 7). Viable modelsfor boththe above casescanbe constructed
[28,29]. However, case(b) needsadditionaliso-tripletlight scalarswhich causepotential
problemswith big bangnucleosynthesi§BBN), andthereis somepreliminary evidence
from superK againswv,,—v, mixing [30]. Henceweonly considercasga),i.e.vy — v4+J
with v4 & v, asimplicit in eq. (12). With this interaction the v, rest-lifetimeis givenby

167 meo

2 m2(1+1)%’ (16)

T2 =
wheredm? = m3 — m? andz = my/ms (0 < z < 1). Fromthevalueof a=! =
T2 /ma = 63 km/GeVfoundin thefit andfor z = 0, we have

g>om? ~ 0.16eV2. (17)

Combiningthis with the boundon g2 from K — u decaysof g2 < 2.4 x 10~ [27] we
have
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Figure 2. Survival probabiliity for v, versuslog,,(L/E) for thedecaymodel(heary
solid curve) andy,, oscillationmodel(thin curwe).

dm? > 650 eV2. (18)

Evenwith a generousnterpretatiorof the uncertaintiesn thefit, this m? impliesa min-
imum massdifferencein the rangeof about25 eV. Thenv, andv; arenearlydegenerate

with masses> O(25eV) andvy is relatively light. We assumehata similar couplingof
v3 to v, andJ is somavhatwealerleadingto a significantlylongerlifetime for v3, andthe
instability of v5 is irrelevantfor the analysisof theatmospherimeutrinodata.

For the atmospherimeutrinosin superK, two kinds of testshave beenproposedto
distinguishbetweenv,—v, oscillationsand v,—v, oscillations. Oneis basedon the fact
that mattereffects are presentfor v,—v, oscillations[31] but are nearly absentfor »,—
v, oscillations[32] leadingto differencesn the zenith angledistributionsdueto matter
effectson upgoingneutrinog33]. The otheris thefactthatthe neutralcurrentratewill be
affectedin v,—v, oscillationsbut not for v,—v, oscillationsascanbe measuredn events
with singler?’s[34]. In thesetestsour decayscenariawill behare asa hybridin thatthere
is no mattereffectbut thereis someeffectin neutralcurrentrates.

Long-baselinexperiments

The survival probability of v, asa functionof L/E is givenin eq. (1). The corversion
probabilityinto v, is givenby

P(v, = v;) = sin® § cos® §(1 — e~ *L/2E)2 (19)
This resultdiffersfrom 1 — P(v, — v,) andhenceis differentfrom v,—v, oscillations.

FurthermoreP (v, — v,,) + P(v, — v,) isnot1 butis givenby
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P(v, = v,) + P, = v,) =1 —cos? (1 — e 2L/E) (20)

anddetermineghe amountby which the predictedneutral-currentatesareaffectedcom-
paredto theno oscillations(or thev,—v, oscillations)case.In figure 3 we give theresults
for P(v, = v,), P(v, — v;) andP(v, — v,) + P(v, — v,) for thedecaymodeland
comparethemto the v,—v, oscillations,for both the K2K [35] and MINOS [36] (or the
correspondindzuropearproject[37]) long-baselinexperimentswith the oscillationand
decayparametergasdeterminedn thefits above.

The K2K experiment,alreadyundervay, hasa low enegy beamFE, ~ 1-2 GeV and
a baselineL, = 250 km. The MINOS experimentwill have 3 differentbeamswith av-
erageenegies E, = 3, 6 and12 GeV anda baselinel. = 732 km. The approximate
L/E, rangesarethus125-250km/GeV for K2K and50-250km/GeV for MINOS. The
comparisonsn figure 3 shov thatthe enegy dependencef v, survival probability and
theneutralcurrentratecanbothdistinguishbetweerthe decayandthe oscillationmodels.
MINOS andthe Europearprojectmay alsohave  detectioncapabilitiesthatwould allow
additionaltests.

Big bangnucleosynthesis

The decayof v, is sufficiently fastthatall the neutrinos(v,, v, v;, vs) andthe Majoron
maybeexpectedo equilibratein theearlyuniversebeforethe primordialneutrinosdecou-
ple. Whenthey achieve thermalequilibrium eachMajorananeutrinocontributes N, = 1

1.0

NC Decay / No Osc
05 —

—— K2K Decay e K2K Oscillation
----- MINOS Decay === MINOS Oscillation

S
1.0

Neutrino Energy (GeV)

Figure 3. Long-baselineexpectationgor the K2K and MINOS long-baselineexperi-
mentsfrom thedecaymodelandther,, — v, oscillationmodel. Theupperpanelgives
theneutralcurrentpredictionscomparedo no oscillations(or v, — v, oscillations).
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andthe Majoron contributes N, = 4/7 [38], giving and effective numberof light neu-
trinos N, = 4% at the time of big bangnucleosynthesisFrom the obsened primordial
alundanceof *He and®Li, upperlimits on IV, areinferred, but thesedependon which
dataareused[39-41]. Consenatively, the upperlimit to N, could extendup to 5.3 (or

evento 6if 7Li is depletedn halostars[39]).

Cosmicneutrinofluxes

Sincewe expectboth v, andvs to decay neutrinobeamsfrom distantsourcegsuchas
Superneae,active galacticnucleiandgamma-raybursters)houldcontainonly v, andz,
butnov,, v,, v, andv,. Thisis avery strongpredictionof our decayscenario.We can
comparaheverydifferentexpectationgor neutrinoflavor mixesfrom very distantsources
suchasAGN'’s or GRB’s. Let us supposehat at the sourcethe flux ratiosaretypical of
a beamdump, a reasonabl@ssumption:N,, : N, : N, = 1: 2 : 0. Then,for the
corventionaloscillationscenariowhenall thedm?'s satisfydm? L/4E >> 1, it turnsout
curiouslyenoughthat for a wide variety of choicesof neutrinomixing matrices the final
flavor mix is the samenamely N,, : N,, : N,, = 1:1 : 1. In the caseof the decay
B scenarioasmentionechere,we have N, : N,,, : N,, = 1:0: 0. Thetwo arequite
distinct. Techniquedor determiningtheseflavor mixesin future KM3 neutrinotelescopes
have beenproposed42].

Reactorandaccelerntor limits

The v, is essentiallydecoupledrom the decaystatevs sothe null obsenationsfrom the
CHOOZ reactorare satisfied[43]. The mixings of v, andv, with v, andv. arevery
small, so thereis no conflict with stringentacceleratotimits on flavor oscillationswith
large dm? [44].

In summary neutrinodecayremainsa viable alternatve to neutrinooscillationsasan
explanationof the atmospherimeutrinoanomaly The modelconsistsof two nearly de-

generatemasseigenstatess, v3 with massseparation; 0(25 eV) from anothemearly
degenerateair v, v4. Thev, andv, flavors areapproximatelycomposeaf v, andvs,
with a mixing anglef,; ~ 57°. The statev, is unstable decayingto 74 anda Majoron
with alifetime 7, ~ 10712 sec.Theelectromeutrinov, andasterileneutrinov, have neg-
ligible mixing with v,,, v, andareapproximatemasseigenstatev, ~ vi,v, = v4), With
asmallmixing angled, 4 andadm?, ~ 10~°eV? to explain the solarneutrinoanomaly
The statesy; andv, arealsounstable put with v3 lifetime somevhatlongeranduv, life-
time muchlongerthanthe v, lifetime. This decayscenarids difficult to distinguishfrom
oscillationsbecauseof the smearingin both L and E, in atmospherimeutrinoevents.
However, long-baselinexperimentswherel is fixed,shouldbe ableto establishwhether
the dependencef L/E, is exponentialor sinusoidal. In our scenarioonly v, is stable.
Thus,neutrinosof supernwaeor of extragalacticorigin would be almostentirelyv,. The
contrikution of theelectronneutrinosandthe Majoronsto the cosmologicabnegy density
Q is negligible andnot relevantfor large scalestructureformation.

Anotherproposalfor explaining the atmospherimeutrinosis basedon decoherencef
the v, s in the flux [45]. Theideais thatv,s areinteractingand getting taggedbefore
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their arrival at the detector The causeis unknavn but could be a numberof speculatie
possibilitiessuchas a large neutrinobackgroundnew flavor sensitve interactionsin an
extra dimensionyiolation of quantummechanic®tc. Thewv,, survival probabilitygoesas:

P= % [1 + cos26 exp(—t/7)]. (21)

The superKamiokandedatacan be fit by choosingr ~ 1072 sandsin20 ~ 0.4. A
detailedfit to all the dataoverthewhole enegy rangehasnot beenattemptedset.

7. Conclusion

As | mentionedat the beginning, the main motivation for this exerciseis to try to estab-
lish neutrinooscillations(dueto mass-mixing)asthe uniqueexplanationof the obsened

anomalies.Evenif neutrinoshave massesanddo mix, the obsered neutrinoanomalies
may not be dueto oscillationsbut dueto otherexotic new physics.Thesepossibilitiesare

testableandshouldberuledout by experiments| havetried to shaov thatwe arebeginning

to carrythis programout.
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