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" "Abstract

An eleméntary proof of the unicity of the wave equation for free spin 3/2
fields (and the corresponding Féynman integral equation) is given. Covariant forms
- are exhibited and a heuristic SU(2) B U(1) model is adopted for the construction of
possible electromagnetic and weak currénts involving spin 3/2 particles. The
notions of Dirac and Majorana masses: for. spin 3/2 neutrinos are generalized

from the spin 1/2 case.

Among the decays of charged massive spin 3/2 particles, the radiative decay
into the spin 1/2 lepton of the same family is possible. A systematic experimental

search for spin 3/2 leptons (and quarks) is urged.



ABSTRACT

An elementary proof of the unicity of the wave equation for free spin
3/2 fields (and the corresponding Feynman Integral equation) is given. Co-
variant forms are exhibited and a heuristic SU(2) & U(1) model is adopted
for the construction of possible electromagnetic and weak currents in-
volving spin 3/2 particles. The notions of Dirac and Majorana masses for
spin 3/2 neutrinos are genera]ized from the spin 1/2 case.

Among the decays of charged massive spin 3/2 particles, the radiative
decay into the spin 1/2 lepton of the same family is possible. A  system-

atic experimental search for spin 3/2 leptons (and quarks) is urged.



I. INTRODUCTION

The Fermi theory of weak interactions was formulated in order to describe
the radjoactive decay of nuclei and other weak reaction processes which were
subsequently discovered,

Although the effective current-current 1agrangéan of Fermi's model was later
found out to be not renormalizable, this theory was necessary for the calculation
of first-order, non-divergent, processes ; it described experimental results and
indicated the path for new expériments and discoveries such as, for instance,
the prediction by Lee and Yang of parity non-conservation in weak interactions,
the Feynman-Gell-Mann-Marshak-Sudarshan Y-A current model and the whole of
muon physics. :

At pfesént, the discoveryl) of a new Tepton, the tauon, which is heavier
than the baryons of the SU3-octét, 1éads_us to ask whether 1éptons do not
possibly have a structure or, at any rate, new kinds of interactions somehow
hidden or suppréssed at present énergies. We may therefore ask whether leptons
do not exist in an excited state, with spin 3/2.

We do not posséss any experimental results so far which would suggest the
occurence of such spin 3/2 leptons ; but these particles have not been systematically
searched for either. The theory of electromagnetic and weak processés with spin 3/2
fields?) ‘
effective current-current interaction amplitudes to calculate first order,

which we dispose of is not renormalizable. We may, however, use appropriate

- non-divergent, processes involving possible spin 3/2 leptons in order to have
criteria and effects which might be submitted to experimental tests.

We, therefore, propose to reverse the strategy which was used in the case Of
the familiar weak decays of spin 1/2 particles : the theoretical model was
there suggésted by experimental facts in the low-energy domain ; for the
possible, speculated, high energy weak phenomena involving spin 3/2 leptons
we use a theoretical model to guide us in the search for such events. And the
non renormalizable spin 3/2 lagrangean might well result from an appropriate
renormalizable model for lepton constituents.



Perhaps, the mystery of the occurence of the three lepton families and of
the large muon and tauon masses, relative to the electron mass, is deeper than
a naive model of lepton structure might suppose.

In the meantime, it may»bé worthwhile to ask the question : do spin 3/2
leptons exist ?

In this note, we give a simple, elementary proof of the unicity of the
equation of free spin 3/2 fields, the correspondlng Feynman integral equation,
and the well-known propagator. Covariant forms are exhibited for the construction
of phenomenological interactions involving spin 3/2 fields. A heuristic SU(2)

@ u(l1) model for these fields determines the correspond1ng e]ectromagnet1c and
weak currents. A spin 3/2 neutrino may acquire a Dirac or Majorana mass in a
way similar to the spin 1/2 case.

Among the possible decays3) of spin 3/2 charged paricles we point out the
radiative decay into the spin 1/2 charged lepton with the same leptonic number
the branching ratio of which is estimated.

II. FEYNMAN PROPAGATION EQUATION FOR SPIN 3/2 FIELDS

As a spin 3/2 free field is described by a vector-spinor ya(x), which

obeys Dirac's equation and two subsidiary conditions

(1Y°a = m)aa' 11)1ai|(x)-= o . | Fl

= 0,1,2,3
(V)aa Vae(x) =0 ,  a=1,2,3,4 (2.1)
Comy
Bu wa(x) =0

the injtial problem consists in finding a lagrangean with appropriate auxiliary
fields, which will lead to a single equation in wz, capable of generating the
three equations (2.1).

With the vector-spinor wg, g"¥  the matrices Y“, y5 and the differential



operator %, we may define the following tensor-spinors of the second rank

(omit the spinor index a) :

F

Fug = by~ Vg (2.2)

which is a Maxwell-like tensor, and its dual and pseudo-tensor-spinor associates :

w _ 1 uvoB . '
=5 € Fug 3 (2.3)
PV A (2.4)
And a Rarita-Schwinger-like tensor spinor

togéther with the corresponding dual and pseudo variables which are associated
to it : :

GV aws & (2.6)

v
?5 YS gpv'

"We next postulate that the scalar lagrangean to be constructed with the
above tensors must generate a first order wave equation for the field s
such that : 1) for m # 0, it gives the equations (2.1) ; 2) for m=20
it will be spinor-gauge invariant i.e., invarjant under the transformation

PHx) > vH(x) + dYe(x)

where (x) 1is an arbitrary spinor.



The lagrangean which satisfies this postulate is unique4) and has the
form :

— |
3G Cry-3n @) (2.8)

Hy

In terms of the spinor-vector wu, this is :

auvB 5

L=-79, € v, (3, + i Y, Vg - | (2.8a)

and gives rise to the equation :
c"‘“\’8 > v, (3, +—2-y\))111 = 0 (2.9)

This 1is the equation adopted in supergravity when m = 0 and Vg is a Majorana
field. ‘

The integral equation which describes the Feynman propagation of the vector-
spinor defined by equation (2.9) is the following :

O(tym t))¥(4) (%) = i’ft L SF X0 X)€Y sy 4y () ny
2>t (2.10)

for positive energy solutions and

| a s M,y _ o 5.vd B IRPEN

6(t 1 tz)w(_)(xz) = - 1It @ SF (x2 X l)Euvs)\y Y aou%_)(x 1)d x'y
271

(2.10a)

for negative energy solutions. Sgu is the Feynman propagator for massive spin 3/2
fields obeying the equation : '

<+

CITPIRY s
Cong? 1107+ BB, - xp) = i 82 atix, - xy) (2.10b)

It is given by :

Suv(x - Xl) = —i(iyaz + m)AFv(x2 - xl),

ﬂv 'v 1 I v i '
b (%5 = %q) (g"V- _3_YuY. - ?115 eV

H]

Y 1 2wV

(2.11)



This expression results also from thé”ggfinition involving the time ordered
vacuum expectation value of the product wquﬁ namely :

S (g = xq) = = W08 1) [00(t - 1) + <07 (x ¥ (xp) 058y - t)

and the commutation rules :

R 0)s W)} = - (v, + m)y AMV(x, - xg)

A" §s given by Agv in (2.11) where one replaces AF by the Cauchy delta-
function A(x, - x;).

In view of the occurrence of the double differentiation of A. 1in equation

F
(2.11) the propagator ng attributes to processes involving this propagator
non-renormalizable divergences simjlar to those of massive vector fields.

ITI. COVARIANT FORMS FOR PHENOMENOLOGICAL INTERACTIONS

In order to bujld possib]é interactions between spin 3/2 fields and other
fields we have at our disposal the covariant forms as given in Table I :




TABLE I0 Covariant forms for $pin 3/2 fields

'TWOA"sca]arsv';‘ : Yo ¥ and ? YO‘YB‘PB
SR ;
- Two pseudoscalars  : wdysxpo‘ and w YaY YBIPB
*Four four=yectors 7,00
Tpﬂv%e ;
maYa‘Pu ’
" Four axial-vectors : WQY“YSIPOL H
-
T, vy YBwB ;
TP“YSY%
?ﬁavav p*
Four tensors : '1170‘ oHVy®
i -{1; EOL]JVB 511’8

- i@ - T

%[ﬁav"‘w“w"— Yot + (‘@“y"-m\’y“)yaw"‘]




Convenient linear combinatijons of these are :

s = %-3; €“hvB Yy, v
p=- %—ﬁ;ledﬁos Y,V
Ve - E&'Edﬁvs RN
A= 4 1. EE.EdﬁVBYva

| comrg W avA8 SN
[E I @ € 9n 7 ] T Vg

which, regardéd as normal products with b, as opérator, satisfy the charge
conjugation properties :

s€ =53 PC=p; (AN = A"

(V)G = = yH 5 (sFV)€ = - WY

We may take as vector current either VM above or ﬁ&yuwa or E%ﬁ“y”ysws or

the sum EMYBWB + ﬁayaw“ since under charge conjugation the latter sum changes

sign 1ike the former two currents,
A1l terms containing yawa vanish if one constructs forms with vector spinors

~in momentum space which represent asymptotically free spin 3/2 particles.

IV. ELECTROMAGNETIC AND WEAK INTERACTIONS OF SPIN 3/2 FIELDS AS DEDUCED
FROM A HEURISTIC STANDARD SU(2) & U(1) MODEL

In order to find out possible forms of weak and electromagnetic couplings
of spin 3/2 particles we may use, as a heuristic method, the standard SU(2) @ U(1)
model. This means that we postulate, besides the familiar Higgs and vector gauge
fields, a left handed isospinor with spin 3/2 fields, a, and bd :



1 5
L - ’2‘(1 Y) aq = < ao‘[, >
o "1, 5. 1. b-
—2-(1 Y ) ba OLL
and two right handed isoscalars :
1 5. . 1 5
aaR = -?(1 + v )aa H bG.R = '2'(1 + v ) ba

which transform as :
7 ig'
L, > exp(igh(x)-5)exp(- 13- (1 - 2n)8(x))L,
AR~ exp(ig'neo (x))aaR

bdR.+ exp(ig'(n - l)e(x))baR

g and g' are the Salam-Weinberg coupling constants. The charges of a, and
bd are respectijvely n and n -1 inunitsof e; i n=0 we havea

doublet of a spin 3/2 neutrino and a negatively charged spin 3/2 lepton. If
2 : . o
n =3, we have a doublet of spin 3/2 particles charged like gyarks.

~ Apart from the terms corresponding to the Higgs and vector gauge fields
the Tagrangean will contain a term for the spin 3/2 particles in interaction
with the Higgs field ¢ of the form :

_ _ 7+ amwB 5 = v 5 )
g, La € | Y'Yy, DVLB 3R € T, D\)aBR
. g | . -
_F  couvB 5 _ 1_3»—- apuvB 5 _
bR € 1Y, Dybgp = (L, €77y v agp)0
B [
_ b opvB 5 C
5 (T:Ct € Y Y}JY\)bBRN)

+ h.c.
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where ¢C = Ty t¢+ {s the charge conjugate of ¢. The mass terms derived

from the Higgs coupling are :

Jg%; = - %-[m (5 6:0‘}“)6 vy Yvas) + mb(b qumB Yoy vaB)]

where

énd_ A is the vacuum expectation value of the-neutral Higgs field.

In the case in which n =0 the lTepton a  is a neutrino with spin 3/2.
A Majorana mass may be attributed to this neutr1no by introduction of a coupling
with a Higgs triplet ) § of the form :

Ly = - %-GM 'E& Ea“vs YSY ¥ (?-ﬁ)Lg + h.c,

where
‘ c
c . (vaL)
c
aL)

If we call w the vacuum expectation value of the neutral component of H,

H(o) = H1 -3 H2 and call My =Gy W then the Majorana mass term is

o = Vg _5 c C 5
7MW [\’aL eIV By YoOglr + 0g)p €8 ¥y, "Ls]

The kinematic term for the neutrijno will have the form :

= ouvB 5
Lkin =T Xy € Y (8 t7 M YQ)XB

where
- e
Xo " VL ¥t (vaL)

Is a Majorana fié]d the Teft-handed component of which éntérs'the weak couplings.



V. RADIATIVE DECAY OF SPIN 3/2 LEPTONS

The e]ectromagnétic current of spin 3/2 particles is then in the SU(2) & u{1)
model :

akuB aAuB 5

J$=n1(3'€ YY»)‘B)“"(TI‘)T(B—E YY5bg)
The charged weak current is : |
i = (B e Y1 - ¥)ag)
and the neutral weak current
TR I aAﬂB 5 T | oAuB 5 .5 2
Jz'?[aae yy;\(l y)aBEE YYA(I Y)b] 2$1newJY

We thus expect that if charged spin 3/2 particles exist with charge n
they may be produced in electron-positron collisions and subsequently suffer
competing weak decays as calculated previously .

As is well-known, the ratio between the cross sections for quark pair
production to u pair production in the e+e annihilation, increases by 3Q

each time a new quark with charge Qqe js produced, as the center of mass energy
increases. Such a ratio in the case of production of spin 3/2 quark pairs

3a) and this would be a characteristic -signature for the
production of such particles.

would be energy dependent

If such processes are detected it would be of importance to know the form
of the couplings which give rise to them.

BesideS'theprevious1y3);a]cu]ated production and possible decays of heavy
and charged spin 3/2 particles M, we wish to point out that the production of

spin 3/2 leptons accompanied of a spin 1/2 1épton of the same family is possible
T+ "
e" +*é-_ —s Moyt

L™+ e"
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if a Pauli - 1jke interaction of the form :

e djj\)B 5

is assumed, where b, is the Rarita-Schwinger field of a spin 3/2 lepton

with mass M and ¢ describes a chargéd spin 1/2 lepton. This coupling
has the form : '

- -;M [EvyB- B'BY\')-('BOLYG) YvYB]F\)S @ + h.c.

and may lead to +y-decay of a spin 3/2 lepton into the spin 1/2 lepton of its
family (with the same leptonic number) :

L->2+y
The branching ratio p for this decay as compared to g-decay :

L—va +g+32

is estimated to be :

R

ML g+y) e® 108 4
p= & —— = 10°( =)

T(L » vt vz) GF

For M >> 100 mp we expect p << 1.
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