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MASSLESS RARITA-SCHWINGER PARTICLES AND

LEPTONIC DECAYS

(Presented by H. Keres)

The effects of possible nonmaximal helicities of spin 3/2 massless particles in

weak decay processes are considered. It is shown that in some processes these effects
are quite strong.

In his pioneering work [!] E. P. Wigner gives a method for the classi-
fication of irreducible representations known as the little group method.

Using this method, he came to the conclusion that the irreducible repre-
sentations characterizing massless particles can be determined only by
one (maximal) helicity. Afterwards S. Weinberg established the well-

known result [2]: when the irreducible representation (k,/) of the homo-

geneous Lorentz group is used to describe massless states, one can have

only A== (k—l) helicities. This result prevents a massless particle
from having more than one helicity but it allows nonmaximal helicities.
In [*] it was shown that when the finitedimensional representations of

the homogeneous Lorentz group are used, the classification of massless

representations differs from the one given by Wigner. It appears that
one can avoid also the Weinberg theorem and for a given representation
all helicities are allowed.

The massless higher-spin particle with a full set of helicities when

taking part in reactions may give quite different effects as compared to

the conventional particles having only the maximal helicity. In [%°] this

problem was discussed and the effects of nonmaximal helicity states of

zero mass spin 3/2 particle in some weak decay processes were found.
In this paper, we continue investigating the effects of non-maximal heli-
cities П- weak decay processes. The decay processes with one or two spin
3/2 leptons among the decay products will be considered.

Let us take the leptonic decay of a polarized particle, :

[y = ly+ 13414, | (1)

11 its rest frame а$ а local four-fermion current-current ([%2]+[%4])
process. All final particles are considered to be massless or to have a

vanishing mass. We investigate the reactions with the following spin
assignments of particles:

1/2—>3/241/2+l/2, (2)

1/2— 1/2+3/2+3/2. ВЕ (3)
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To describe the massless spin 3/2 particle, the antisymmetric tensor

(spin curl) formalism u*f=p*uf—pPu* is used. Here p*(pP) is the four-
momentum of the particle, and u*(u«f) is the Rarita-Schwinger vector-

spinor. We avoid the ordinary Rarita-Schwinger vector-spinor formalism
to describe the massless spin 3/2 lepton. The difficulties in connection
with using that formalism in our problem lie in the following. Let us

take a massive spin 3/2 particle described by the Rarita-Schwinger
vector-spinor. Suppose we want to proceed to the theory of massless

spin 3/2 particle with a full set of helicities by using the mass zero

limit process. However, by using this limit process we get infinite contri-
butions. One can show that it is due to the longitudinal (helicity zero)
vector contribution, |[l,o), to the nonmaximal spin 3/2 states

|3/2, +l/2). As m—o, the state |1,0) has the components that blow

up. The curl formalism removes these (infinite) longitudinal contribu-
tions [®]. In using the curl formalism we have no difference between the

theory of zero mass particles with a full set of heliciiies and the one we get
from the massive particle theory by using the mass limit process. Howe-
ver, there exist discontinuities between the quantities of the standard
maximal helicity massless particle theory and those of the theory one

gets by using the limit process mentioned above. In the following, our

aim is to discuss these discontinuities in process (1). We find the energy-
angular distribution of one of the final particles in process (1) with

spin assignments (2) and (3) in two cases:

a) the massless spin 3/2 particles have only the maximal helicities
(£3/2);

b) the massless spin 3/2 particles have all four helicity states

(£3/2, +l/2).
We label the quantities in the first case by the index m (maximal

helicities) and in the second case, by the index f (full set of helicities).
We analyze the energy-angular distributions and compare the total decay
rates and asymmetry parameters of both cases. First we consider case

(2). We use the V, A currents, thus we take the decay amplitude

M=GJ*, (4)

with

./== пзу® (Г —5) щ (4а)

а5 ап огфтагу И—4А сиггеп{ апа'

1

Joam=—=Tizap (P2 (Pr— P2)P(I— ays) ki (p1 (4b)

as one of the simplest V, A currents with the spin 3/2 curl particle.
The simplest V, A current with the zero mass spin 3/2 curl particle,

uapy? (I — ys)u, is equal to zero due to the supplementary condition

o
a=o.Yol (5)

Now, the general form of the one-particle energy-angular distribution
in the decaying particle rest frame is

dF »

IPU U 0 115 ,
6

атацсовоу — В»(а)+ЁЕ( 0)] (©

where E is the initial particle polarization vector; Z
— the unit vector

along the direction of the motion of the distribution particle; 8 — the

angle between £ and £ and the parameter a is from Eq. (4b). We define
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the energy variable as x=,—ž— (E — kinetic energy of the final particle,

т — the mass of the initial particle). The constant B and the invariant
distribution functions in case of the final particle /5 in (6) are found for
currents (4a) and (4b) to be

2G2md

2 =271, =
(7)

Xk
+ (x,.——l)=—l—s—(s——4x),

х*
fro(x, —1) === (144x; ! 15

(8)
1 2 7 2. fg*(x,l)=4x2(€——-——3—x+?x2———3—x3), .

1 о1 )5 2..
®(х, I)=4x2(?l———3—x+—š—x2———3—x )‚

п—е (6—Нр),

| f (6, —1) =i —1)+P (5, 1), »
(9)

йе )=i )+3h—)

пк, 1)=Fp (3 1)b (5, —1),
One can show that due to the spin conservation the decay proeess

with spin 3/2 maximal helicity particles has to be suppressed near the

origin of Is energy spectrum if a=—l and near the endpoint if a=l. The

decay process with the spin 3/2 particle with all four helicity states does

not share these features of distribution. One can see it very well in Figs.
1 and 2. The total decay rates in two different cases are related as

. | Г, _4. _
jon e 1 | (10)

li we define the asymmetry а5

Г[в—-fdx[ dxd(cos )
(1)

ах а (соз @) ]
|

(11)| А(б)ж=`„_2""'—_"'_"_—'___а`;'_'_:" | _(рfdx[dxd(cose) (1) =+ dxd(cos0)
]

where (1) indicates a spin-up initial particle and (), a spin-down
initial particle, then in our cases

A (6, a=—l)=%cos0, | (12)



304

Ay(8, а=—l)=—Ё—сos6‚ (13)

Ам(0, а== 1)==o, (14)

Af(e,a=l)————ls—cos0. (15)

The fact that asymmetry 15 equal to zero in Eq. (14) does not indicate
the parity conservation in the decay process. One can see in Fig. 2 that

parity is nonconserved, except in one point in which f(x, 1) =O. Looking
at Fig. 2, it becomes clear why the global asymmetry is equal to zero.

Now let us investigate case (3). Here we choose first decay process
amplitude (5) with the currents

l

I›l'=-°п—ls' Ь_ЕЗ‘ВУ›“(]—УБ) Ица В› (16)

Л+== пг (Г —5) ш. ! (17)

Current (16) with spin 3/2 massless curl particles is equal to zero if the

particles have only maximal helicities [7]. So, it is only the case of a

full set of helicities that gives nonzero decay rate of process (2) with
this current. In this case the calculations give for [3 particle distribution

(6) with

BG2ms

B:W (18)

Fig. 1. Invariant distribution functions Eqs. (8), (9) in the case of a=—l

Fig. 2. Invariant distribution functions Eqs. (8), (9) in the case of a=l
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and the invariant functions connected with the ones in Eq. (8) as

L (x) =fm(x, —1), |

1 (x) =—fm(x,—1).
(19)

As a last example we consider process (2) with scalar-pseudoscalar
currents. We take

M=GJ Jt (20)
with

1
-

= —';2-* Ü3ap (]:tvf)) ufß, (21)

Л+== пз (1Е в) и . (22)

which gives distribution (6) for the /s final lepton with

l Gm
B= — ——— 23

5 @)
(23)

9 .
- folx) =[7 (x) ==} (x)=2(5 —8x), (24)

| 9.
В(5)= lx) = h ()=+x(3—Bx), (25)

where the upper and lower signs are taken in accordance with the ones

in (21) and (22). Hence, the distributions о! /3 particles in two cases

are identical here. The only difference lies in the total decay rates. As

one can find from Eqgs. (24) and (25),

Г, 10
— 26

The asymmetry given by invariant distribution functions (24) and (25)
is found to be

A(B)=s—š—cos 6. (27)

Naturally, the distribution of any other final particles (ly or 7.) is also

identical in the two cases. The calculations give for [, energy-angular
distribution '

аг G2m° o

(C sB) C(,)з X (l 6x—|—l2x 8x ) (lj:kš) (28)

with C=l in the case of maximal helicity spin 3/2 particles and С='%)—
in the case of spin 3/2 particles with all possible helicities. Since fo(x)=
=+f4(x), it follows immediately from Eq. (11) that

A (8) =cos 6. (29)

In conclusion one can say that in the weak decay processes considered
above the effects of nonmaximal helicity states of spin 3/2 leptons are

quite strong. Besides, there are theoretical and aesthetical motivations
to justify a systematic development of the theories of massless higher-
spin particles with a full set of helicities and the search for their conse-

quences.



306

REFERENCES

1. Wigner, E. P. Ann. Math., 1939, 40, 149—204.
2. Weinberg, S. Phys. Rev. B, 1984, 134, 882—896.
3. Koiv, Mš Loide, R.-K., Ots, 1., Saar, R. Proc. Acad. Sci. ESSR. Phys. Math., 1988, 37,

4, 397—405.
4. Miller, D. H. SLAC-PUB-2713. Stanford, 1981.
5. Ots, I. Proc. Acad. Sci. ESSR. Phys. Math., 1984, 33, 2, 246—249. -
6. Kusaka, S. Phys. Rev., 1941, 60, 61. j
7. Alles, V., Dragoni, M. IFUB 78-12. Bologna, 1978.

Received
Jan. 28, 1991

Ilmar OTS, Rein-Karl LOIDE, Rein SAAR |
MASSITUD RARITA-SCHWINGERI OSAKESED JA LEPTONLAGUNEMISED

On vaadeldud kõigi võimalike spiraalsustega massituid Rarita-Schwingeri osakesi
norkades leptonlagunemise protsessides. On uuritud efekte, mis tulenevad mittemaksi-
maalsete spiraalsuste olemasolust, ja ndidatud, et monedes protsessides on need efektid
iisna suured.

Ильмар ОТС, Рейн-Карл ЛОЙДЕ, Рейн СААР

БЕЗМАССОВЫЕ ЧАСТИЦЫ РАРИТЫ-ШВИНГЕРА И ЛЕПТОННЫЕ РАСПАДЫ

Обсужден вопрос об участии безмассовых частиц со спином 3/2 и со всеми спи-

ральностями в процессах слабого лептонного распада. Исследованы эффекты немакси-

мальных спиральностей в этих распадах и показано, что в некоторых случаях ITH

эффекты довольно ощутимы.
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