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ABSTRACT

We present a gystematic study of production and decay pro
perties of hypothetical spin 3/2 fermions. These objects could

indicate a structure for the presently known matter.
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1 - INTRODUCTION

From the early days of greek philosophers up to the latest
results in modern elementary particle physics. the quest for
the ultimate nature of matter has been one of the most fascinating
activities of human knowledge. For example, in the last centu
ry the periodic table of elements was settled as one of the most
remarkable models for undefstanding a large number of properties
from a very simple strdcture of atomic¢ nucdéi and a. reduced
number of subcomponents. More recently the enormous number of
hadronic states was understood as the result of a .relatively
simple interaction - guantum chromodynamics - among a few ele~
mentary subcomponents - the guarks. These quarks and their even more
simpler companions - the leptons, are presently _the ultimate
building blocks of matter. These objects cén interact through
the exchange of vector beosons -~ the photon, the heavy weak-in-
teracting Wi, 2% and the coloured gluons besgide the graviton.

Only very re:ce:nt:l.y[l:| the new LEP results . on  electron-
positron producticn and decay of the 2% has fixed the number
of fermionic families to be equal to three. According to the
present view we have the following elementary objects: six lep
tons; six quarks, each one in three coloured states; the photon;
the weak vector bosons W- and Z' and the eight coloured glums.
All fermionic masses and coupling parameters are fixed from
experiment.

Even if this scheme, known today as the standard model, has
no disagreement with experiment, the large number of elements

naturally raises the question: is this the ultimate structure of
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an the answer is yes. We

matter ? Up to distances so small ale;
have a point - like behaviour of objects with quantum mechan
ical fields associated to them. But their large number and
the repetition of properties in each family has motivated a
large number of extensions of the standard model in the hope
of finding again a simpler structure of matter and their in-
teractions. No model has succeeded so far and this happens
for a simple reason: no experimental fact seems to indicate
a physical window to the "new physics".

In a seriesE2’7] of papers we have stressed . .the.’point
that the first step towards an understanding of the hypothesis
of compositeness is to be found in the experimental discove
ry of excited states for the presently known  matter. If
quarks and leptons are bound states of three  fundamental
fermions (spin 1/2) and the vector bosons are .canposite states
of two of them, we must have excited fermions with spin 3/2
and new interacting bosons with spin 0.

In this paper we review the status of spin 3/2 field
theory and present phenomenological estimates for their ex-

perimental finding.

2- SPIN 3/2 FIELDS

The usual description of spin 3/2 fields is 'given by
the Rarita -~ Schwinger wector - spinor w:(x) where a=1,2,3,4
is a spinor index and p1 =0,1,2,3 a Lorentz index. The equa-

tion of meotion are
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(;gua - my,(x} =0 . .~(l?
Wwith the constraints
u _ _
dyby (x) = 0 ()
u =
Yuwa(x) =0

we recover the correct number of degrees of freedom for a
spin -3/2 field.

It can be shown SJ] that there exists a unique lagrangizm
- _% QuvB_ s = M
leS = vy, 3, ¥ iz Yv)ws _Qa)
with the following equation of motion
auvB_s M =
€ Y Yu(av + iz Yv)ws 0 (4)

which is equivalent to the system of equations (1) and (2).

If we normalize the vector - spinors by

o' (p,g)u (p,s) = -1 (5)

Ga(p,s)va(p,s) = 4 1

then the projectors are given by



CBPF-NF-009/90
~d—

I () = ] w¥(p,0)T (pyo) == BB (Y 1 yyv £ g
P {p) E u" (p,s)u (p,s) *=J%§$==<%' 3 My ! L

3m
(6)
and

L _ .

The massless case m = 0 has an interesting connection

3/2
with the spinor-gauge invariant transformation

W) » b + Mg (x) (1

where ¢(x) is an arbitrary spinor.

3 - INTERACTING FIELDS

We are taking as a starting point the hypothesis that to
each known fermion with spin 1/2 there is a corresponding ex-
cited state with spin 3/2. This meang that there must exist
transitions of the type spin 3/2 % spin 1/2 mediated by some
interaction. Unfortunately even in the simplest case of elec
tromagnetic interactions for the Rarita - Schwinger fields
we lack a completely renormalizable theory.

In order to have phenomenological estimates for physgical

processes we can use V A currents of the type

3 = %@/ (1 + ay®)u(1/2) (8)
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33 = 5 T (32197 (L + B¥Frul/2) (9)

normalized in terms of the Fermi constant G,/Y2. Our guess is
tliat a complete formalism that provides a self - consistent - theory
will present this behaviour in the same sense .that the old
four - fermion interaction is a good approximation . to the
more satisfactory gauge theories.

It is also possible to develop an heuristic SUL(Z) x U (1)
model for spin 3/2 ﬁuﬂdscdj.lf we define left -handed Rarita-
Schwinger doublets and right -handed singlets we have the fol-

lowing generalization of the free -field lagrangian

cHVPOT chveog -
‘i, L vsyvnpns Ru\stvaRU {10} |

where derivatives are given as in the standard model notation.
This model allows the incorporation of charged and neutral cur
rent interactions with the same characteristics of the standard
model. Spin 3/2 +> spin 1/2 transitions can also be obtained

generalizing the free -field lagrangian to

£ = - ¥V v v p D ¥ (11)

4 - PRODUCTION AND DECAYS OF SPIN 3/2 FERMIONS

In the simplest case of minimal electromagnetic  interac

tion given by the current
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M= %y, (12)

#

the cross section of the process e'e” =+ L3/2L-3/2. is given

by (2]

o(e e Lt

+
2 2 16 - '
= 31 o = EI(—Q-Y" --'Y --g-+-'r.’ (13)
sle¥e” »~uu7) '
where P and E are the momentum and energy of the spin 3/2 heavy
leptons in the center of mass system and Y = E/M. This expres
sion violates unitary just above the energy threshold.
The phenomenolegical currents given by equations (8) . and

(9) allow a single spin 3/2 production through . the process
+ - . . _
ee =+ Z* » L3/2 1/2. If we consider the same neutral cow
plings of the standard model, then near the z, pole we have

the following cross sections for this process

2
242 . 2 4
. GeM3,,  [3 (1 -4sin®e )] .
1 ' 2 _112 472 /M2
27ngin? ew (s/Mz 1) +I‘z/Mz
A8y + 18¥%2 -9+ 1/y2 + 1/32v%}
and
2
202 . - 2 2
o - GeM:,, (1 +(1 -4sins )?] (15)
2

.2 /M2 1) 2 2 Al
27nsin Qw (s,/Mz 1) +I‘z/Mz

.{64y°% ~56y* +16v2% -1 -1/4v2 +1/32y"%}
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A detailed analysis of the process pp =+ L3/2£1/2 p 4 was
given by Spehler et al.Es].

We can have the production of new qguarks with spin 3/2
in the usual neutrino -nucleon deep - inelastic scatteringtﬁ'].

For the current jg we obtain

dZO,\J,'U GZME . .
d_-xdy m oM E‘Y F, # {1 Y)F2 (1 y/2)xyF3]
' 3/2

where F, are the spin 1/2 structure functions. We see clearly

a departure from the usual scalling violations. For the other

current J? we obtain

dzc\),v GEiME 2z

(1) _ °F 2 2 —y) 2 - 2r |
T xdy 7 ¥ 3Fp t Uoy)—o—F, * (1 -yixy 3F,

6M
3/2

In this case the most significant departure from = spin,. 1/2
quarks will be the Q? dependence of the y distributions.

Let us now turn our attention to the decay possibilities

of spin 3/2 leptons. Through charged current couplings we

have decays such as

Lyjg =™+ Vp)y g

and through neutral currents

- - +
+*e +e +oe
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Decay amplitides and energy spectrum for several interac-
tions were given in references 2 and 7 and will _.not. be re-

produced here.

5 - CONCLUSIONS

In this paper we have stressed the possibility of new spin
3/2 leptons and gquarks as excited states of the presently known
fermions. In a rather different context, supersymmetric. . theories
include supermultiplets with spin 3/2. In supergravity models
a fundamental role is given to the gravitino - a spin 3/2 par-
ticle. _

Although we lack a complete formalism fqr spin 3/2 . in-
teracting fields we can establish phenomenological interactions
of a general type and suggest experimental tests to verify the

behaviour of these objects.
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