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It is suggestethatneutrinoflavoursmightresultfrom linearunitarysuperpositionsf mass
eigenstatesf differenttypes: massie, masslesandtachyonic.The numberof flavours
(three)appearso be prescribedatthe onsetof theformulation.
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In a previous paper[1], a modified Dirac equationwith two massparametersvas
discussedUnderthe constraintthat one of the two parameterde non-vanishing,a 12-
spinorialequationwasderived[1], whichdescribeshreepossiblemassstateof aparticle:
massve, left-handedmnasslesandtachyonic.This equationmaybe castin theform

iT?8,9(z) = M¥(z). (1)
Here,unitsaresuchthath = ¢ = 1. Therelevantnotationandcorventionsarespelledout
in thefollowing.

(i) Greek(Latin) indicesrun throughthe values0,1,2,3(1,2,3),unlessotherwiseindi-
cated.Thesummatiorcorventionis appliedto repeatedip anddown indices.
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(i) Theframeof referenceX’ of thereal space-timeoordinates: = {z*} haspseu-
doeuclidearmetric g** = diag{+1, -1, —1,—1}. The “space-ind&” S andthe “time-
index” T of X aresodefined[1]: S = 0if s = {z*} is aright-handedriplet (S = 1
otherwise)andT = 0 if ¢ = z° runsforward (7" = 1 otherwise).

(iif) The4 x 4 Diracmatricesy* (in afixedchoserrepresentation)bey theusualrules

YA+ =2g"T,  and ()T =404, (2)
wherel is the4 x 4 identity matrix. The Dirac matrixy® = i ¥y9y'42~3 is hermitianand

unitary, andanticommutesvith all v*.

(iv) For ary 4 x 4 Dirac matrix-y, thecorresponding 2 x 12 notation(in 4 x 4 blocks)
is asfollows[1]:

I = diag{v,7,7}- 3)
The 12-spinorialnotationis asfollows[1]:

‘I’(.’IJ) = COlumn{¢—1($)a¢o($),¢1 (.’IJ)}, (4)

whereeachy, (z) (6 = —1,0,1) is acomple four-spinor
(V) In 4 x 4 blocks,the 12 x 12 matrix M at the right-handside of Eqg. (1) hasthe
structure1]

M = diag {mI, %(I —ey), —me’y5} , (5)

wheree = (=1)T+5 andm > 0.
Equation(1) decouplesnto threeequation®n thefour-spinorsy, (z):

1y%0atp—1(z) = mip_1(z), (6)
17%0ut0(e) = (I - &7 )o(@), (™)
1970, (¢) = —mer"y1 (2). ®

Eachspinor,(z) is a masseigenstate That is, an eigenstateof the operatorP? =
—aagaﬁaﬁ for the eigervalue—om?. Thus,if m werethe electronmass,Eq. (6) would
describeelectronsEq. (7) would describemasslesglectronneutrinosandEq. (8) would
describehypotheticatachyonicelectronsThisis how Eg. (1) wasmeantto beinterpreted
in Ref. 1. In fact,Eq. (7) waslaterdiscussedn moredetailsin Ref. 2, but from the same
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viewpoint: it doesprovide a consistenformalismfor the study of masslesseft-handed
neutrinos(andthis modifiedmassles®irac equation' doesnot generate “superfluous”
conseredright-handecturrent).

Sinceneutrinos(of the threeflavours)areregardedas masslesdy some,massie by
othersandtachyonidn recentexperimentg5], | wouldliketo pointouthow theaimof Eq.
(1) maybechangedin orderto accommodatthesedindingsandpossibilities Specifically
Egs.(6-8)canbere-interpretedasdescribingthreetypesof neutrinos gachbeinga mass
eigenstatémassie, left-handednasslesandtachyonic).Flavour eigenstatesf thethree
known flavours (electron,muon, tau) could resultaslinear unitary superposition®f the
masseigenstatesn away thatis similarto Pontecore’streatmentf neutrinooscillations
[6]. Thus,if thesymbolg,, (x) denoteshefour-spinorsrepresentingheflavour eigenstates
(w = -1,0,1), onewould have

Pu(z) = Ugﬂfa(ﬂﬂ), 9)

whereu? is some3 x 3 unitarymatrix of constantoeficients(the“mixing” parameters).
In the 12-spinorialnotation,thisis equivalentto

®(z) = UL(), (10)

with U beingthe unitary12 x 12 matrix formedby the4 x 4 blocksuZI. Theresulting
equationof motionfor ®(z) is asfollows:

ir*9,®(z) = F&(z), where F=TUMU' (11)

In principle,in the framawvork of Egs.(9) and(10), eachneutrinoflavour would have
three possibleoutcomesfor measurementef the squaredfour-momentum:m?2,0 and
—m? (eachwith a certainprobabilitydependingon thevaluesof therelevantmixing coef-
ficients).Also, accordingo Eq.(11), flavour oscillationsshouldoccurduring propagation.
The experimentainput would be neededo determineboth the essentiamixing parame-
tersandm. On the otherhand,the numberof flavoursappeargo be clearlyanduniquely
prescribed.
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IThanksto Prof. Valeri V. Dvoeglazos (Escuelade Fisica, UniversidadAutonomade Zacatecasiexico), |
have recentlylearnedof precedentfor Eq. (7) (seeRefs.3 and4).
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DA LI SUNEUTRINSKI OKUSI LINEARNA KOMBINACIJA MASENIH,
BEZMASENIH | TAHIONSKIH STANJA?

Predl&e se da bi neutrinskiokusi mogli biti linearnaunitarnakombinacijaswojstvenih

stanjarazli¢itih vrsta: masenih,bezmasenih tahionskih. Cini se da je broj okusa(tri)
odretenim polaznonformulacijom.
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