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It issuggestedthatneutrinoflavoursmightresultfromlinearunitarysuperpositionsof mass
eigenstatesof differenttypes: massive, masslessandtachyonic.The numberof flavours
(three)appearsto beprescribedat theonsetof theformulation.
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In a previous paper[1], a modified Dirac equationwith two massparameterswas
discussed.Underthe constraintthat oneof the two parametersbe non-vanishing,a 12-
spinorialequationwasderived[1], whichdescribesthreepossiblemassstatesof aparticle:
massive, left-handedmasslessandtachyonic.Thisequationmaybecastin theform

� ����� ���	� 
��
�����	� 
�� � � � �
Here,unitsaresuchthat �� ������� . Therelevantnotationandconventionsarespelledout
in thefollowing.

(i) Greek(Latin) indicesrun throughthevalues0,1,2,3(1,2,3),unlessotherwiseindi-
cated.Thesummationconventionis appliedto repeatedupanddown indices.

FIZIKA B 7 (1998)2, 83–86 83



RASPINI : COULD NEUTRINO FLAVOURS BE SUPERPOSITIONS OF . . .

(ii) Theframeof reference� of therealspace-timecoordinates����� ����� haspseu-
doeuclideanmetric  � !��#" $ % &�� '	( ) *+( ) *+( ) *+( � . The “space-index” , andthe “time-
index” - of � areso defined[1]: ,��/. if 01�#� ��2 � is a right-handedtriplet ( ,3�4(
otherwise),and -���. if 56����7 runsforward(-���( otherwise).

(iii) The 8:9+8 Diracmatrices;�� (in afixedchosenrepresentation)obey theusualrules

; � ; ! '�; ! ; � ��<  � ! = )>% ?�"A@ ; � B C ��; 7 ; � ; 7 ) @ < B
where = is the 8D9E8 identity matrix. TheDirac matrix ;�F+�G$ ;�7 ;�H ;�I ;�J is hermitianand
unitary, andanticommuteswith all ;�� .

(iv) For any 8+9K8 Diracmatrix ; , thecorresponding( <:9E( < notation(in 8	9K8 blocks)
is asfollows[1]:

L ��" $ % & � ;M) ;M) ;�� N @ O B
The12-spinorialnotationis asfollows[1]:

P @ � B ��Q R S T UD?�� V
W H @ � B ) V 7 @ � B ) V H @ � B � ) @ 8 B
whereeachV6X�@ � B ( Y1��*+( ) . ) ( ) is a complex four-spinor.

(v) In 819Z8 blocks,the ( <E9�( < matrix M at the right-handsideof Eq. (1) hasthe
structure[1]

[ ��" $ % &+\�] = ) ] < @ = *Z^ ; F B ) *
]1^ ; F _ ) @ ` B
wherê
��@ *	( B a�b�c and ]4d�. .

Equation(1) decouplesinto threeequationson thefour-spinorsV6X�@ � B :
$ ;�e f e V
W H @ � B ��]gV
W H @ � B ) @ h B

$ ; e f e V 7 @ � B � ] < @ = *�^ ; F B V 7 @ � B ) @ i B

$ ; e f e V H @ � B ��*
]1^ ; F V H @ � B N @ j B
Eachspinor V6X�@ � B is a masseigenstate.That is, an eigenstateof the operator k	I��*:f e  e l f l for theeigenvalue *:Y�] I . Thus,if ] weretheelectronmass,Eq. (6) would
describeelectrons,Eq. (7) would describemasslesselectronneutrinosandEq. (8) would
describehypotheticaltachyonicelectrons.This is how Eq.(1) wasmeantto beinterpreted
in Ref. 1. In fact,Eq. (7) waslaterdiscussedin moredetailsin Ref. 2, but from thesame
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viewpoint: it doesprovide a consistentformalismfor the studyof masslessleft-handed
neutrinos(andthis modifiedmasslessDirac equationm doesnot generatea “superfluous”
conservedright-handedcurrent).

Sinceneutrinos(of the threeflavours)areregardedasmasslessby some,massive by
othersandtachyonicin recentexperiments[5], I wouldliketo pointouthow theaimof Eq.
(1) maybechanged,in orderto accommodatethesefindingsandpossibilities.Specifically,
Eqs.(6–8)canbere-interpretedasdescribingthreetypesof neutrinos,eachbeinga mass
eigenstate(massive, left-handedmasslessandtachyonic).Flavour eigenstatesof thethree
known flavours(electron,muon,tau) could resultas linear unitary superpositionsof the
masseigenstates,in awaythatis similar to Pontecorvo’streatmentof neutrinooscillations
[6]. Thus,if thesymbol n oMp q�r denotesthefour-spinorsrepresentingtheflavoureigenstates
(sut�v+w x y x w ), onewouldhave

n�oMp q�r
t�z�{o�| { p q�r x p } r
wherez {o is some~	�E~ unitarymatrixof constantcoefficients(the“mixing” parameters).
In the12-spinorialnotation,this is equivalentto

� p q�r
t��E�Kp q�r x p w y r
with U beingtheunitary w �g�uw � matrix formedby the �E�1� blocks z {o�� . Theresulting
equationof motionfor

� p q�r is asfollows:

� ����� � � p q�r
t�� � p q�r x>��� � � ����t��E���E� � p w w r
In principle, in theframework of Eqs.(9) and(10), eachneutrinoflavour would have

threepossibleoutcomesfor measurementsof the squaredfour-momentum: �E� x y andv��E� (eachwith acertainprobabilitydependingon thevaluesof therelevantmixing coef-
ficients).Also,accordingto Eq.(11),flavouroscillationsshouldoccurduringpropagation.
Theexperimentalinput would beneededto determineboth theessentialmixing parame-
tersand � . On theotherhand,thenumberof flavoursappearsto beclearlyanduniquely
prescribed.
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DA LI SUNEUTRINSKI OKUSI LINEARNA KOMBINACIJA MASENIH,
BEZMASENIH I TAHIONSKIH STANJA?

Predlǎze se da bi neutrinskiokusi mogli biti linearnaunitarnakombinacijasvojstvenih
stanjarazličitih vrsta: masenih,bezmasenihi tahionskih.Čini se da je broj okusa(tri)
odred–enimpolaznomformulacijom.
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