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I. OTS

ON MASSLESS SPIN 3/2 NEUTRINOS WITH POSSIBLE
NONMAXIMAL HELICITY STATES AND LEPTONIC DECAYS

/. OTS. VÕIMALIKE MITTEMAKSIMAALSETE SPIRAALSUSTEGA MASSITUTEST 3/2-SPINNIGA
NEUTRII MODEST JA LEPTONLAGUNEMISTEST

И. ОТО. О БЕЗМАССОВЫХ НЕЙТРИНО СО СПИНОМ 3/2 С ВОЗМОЖНЫМИ НЕМАКСИМАЛЬ-
НЫМИ СПИРАЛЬНОСТЯМИ И О ЛЕПТОННЫХ РАСПАДАХ

(Presented by H. Keres)

According to the conventional knowledge only maximal helicities can
exist for zero-mass particles. This concept rests mainly on the works of
E. P. Wigner [l>2 ] and S. Weinberg [3 ]. D, Miller was the first to point
out that there may be exceptions from the accepted concepts. Analyzing
the works mentioned above, he concluded that neither Wigner’s nor Wein-
berg’s theorems require throwing out nonmaximal helicity states when
the curl formalism is used. The curl formalism guarantees that different
helicities do not mix, and eliminates infinite contributions [4 ].

One may suppose that massless higher-spin particles with possible
nonmaximal helicities, when taking part in reactions give quite different
effects as compared with conventional particles.

The aim of this note is to present the calculation results for the
effects of nonmaximal helicity states of massless spin 3/2 neutrino (vl)
in the leptonic decay of a heavy spin 3/2 lepton

, L -> l-\- (1)
The final I lepton and its neutrino are ordinary spin 1/2 particles. The I
neutrino is taken to be massless and the mass of the I lepton is neglected.

We find the energy-angular distribution of the final I lepton from
the decay of arbitrarily oriented L lepton in the case when L neutrino
has all possible helicity states maximal and nonmaximal and com-
pare the results with those of an ordinary, maximal helicity case. For
describing the spin 3/2 particles the Rarita-Schwinger formalism is
used and in the case of massless spin 3/2 neutrino the curl formalism
is added.

If we assume the I lepton current to be only of V— A type, the L
lepton current may be written as

Ln{k) (l+ays)v£ a (<7), (2)
where

By calculating in the rest frame of the decaying particle and by using
the density matrix [s ]
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for describing the orientation of L lepton; one will get the following
distribution:

л 5 1/2
G2Mr /* r

W ~~24{2n) A J (л:, a) {x, a) +

+[f i (x, a) -\-Fi ( x, a) ] [Fz (x, a) +Fz [x, a) ] ti jnini+
+[F s (x, a) +F3 {x, a) ] dx. (4)

By Fi{x, a) and Fi{x,a) the invariant distribution functions accord-
ingly in the maximal (— 3/2, 3/2) and nonmaximal ( — l/2, 1/2) heli-
city cases are given,” the tensors U, tц and are the first, second and
third rank orientation tensors describing the spin state of the L
lepton, and щ being the unit vector along the I lepton momentum.
x denotes the ordinary dimensionless energy variable. For further details
see [s> 6 ].

For the two helicity configurations a= 1 and ct=l the invariant
amplitudes are given as follows:

F 0 (x, —1) = 4x 2(3/8 x-f 7x2/ l 2 x3/l5),
6x2

F, (x, —1) =—- (—3/4+x-f 29x2/30 2x3/15), (5)5
Qy2

F 2(x,-I)= (x- 17x2/6+2x3/3),
Qy2

Рз(х’~1)= 10~ (x2+4^; -

4x2F 0 (X, -1) =— ( 1/4 - x+4x2/3 - 2x 3/3), .

4x 2
Fi(x,— l)= (5/12 sx/3+2x2 2x3/3), ,

5
2 i (6)

Fz(x.-l)=—~(*:1 2x3),
4 i .

F 3 (x, —1) == —x2 (x 2/2 x 3);
F o (x, 1) = 4x2 ( 1/2 sx/3+5x2/3 2x2/3), ■

2x2 •

Fi (x, 1) =— (5 —lOx 2x2+4x3),
5

F2 (x, 1) =x2 (2x — sх2+2х3),' j (7)

8x2 ■ ’ ' •
F3 (x. 1) =ну (x 2 2x 3);
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Ax 2Po(x,!)=--( 1/8- х/3+хЩл^/15) ,

Fax, 1) ( ■

p2 {x,l )=—~(х/3~хЩ-х?13), (8)

/'з(х.l)=-~ (хЩ-х?).
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In Figs 1 and 2 the dependence of the invariant functions on the
energy variable in the case of all possible helicity states

F\ {х,±\)=Рг{х,±l)+Р{ {х,±\),

and in the case when only maximal helicities contribute (F* (x, ±1)), are
given. One can see that these cases differ from each other, but not very
drastically. So, for example,

(9)fFo (x, ±1) dx

The differences between the respective invariant functions describing
the distribution from the various orientation moments of L lepton, are
of the same order or less.

* This fact was already mentioned by D. Miller [4J.
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