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Possible spin-3/2 quarks and scaling violations in neutrino reactions
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The relevance of possible spin-3/2 fundamental fermions in connection with models of subquark structure is
discussed. The Bjorken limit for production of spin-3/2 partons is investigated and the departures from the well-
known spin-1/2 behavior are examined. The pattern of scaling violation for these processes can be clearly separated

from the predictions of quantum chromodynamics.

Since the discovery of the 7 (Ref. 1) and the T
(Ref. 2) a remarkable symmetry between quarks
and leptons has seemed to emerge. In the stan-
dard model® of unified weak and electromagnetic
interactions, to each leptonic family there cor-
responds a quark family. Even if the experimental
evidence for the top quark and the T neutrino is
not completely settled, there are strong theoret-
ical* arguments that this is the most feasible mo-
del. We are then naturally tempted to investigate
whether this set of six leptons and six quarks (the
latter in three color states each) is the ultimate
set of fundamental fermionic components of mat-
ter.

The interest in this problem has recently led
(see Refs. 5 and 6 for earlier references) to pro-
posals of many models for a more fundamental
structure. We are, however, very far from a
definite answer, mainly due to the fact that a
structure of quarks and leptons would involve
phenomena at distances of the order of 107'¢ cm
or smaller, which are not experimentally access-
ible at present.

An important step along this direction would be
the experimental discovery of a fundamental ferm-
ion with spin 2. This might then give indications
on whether the currently known families are really
fundamental or not; on whether both quarks and
leptons are fundamental or if they are on a dif-
ferent level”; on whether the families are to be
simply repeated or whether we should consider
each one as composed of spin 3 and spin £ ferm-
ions. '

We have previously presented a discussion of
these possibilities® for the leptonic sector and in-
vestigated in a phenomenological and model-inde-
pendent way some of the experimental conse-
quences of such a hypothesis. In this paper we
turn our attention to the quark sector.

A first possibility is to consider that spin-3

.quarks would appear in an independent and se-
quential family: (u’ d)l/z, (C, 3)1/2’ (t: b)l/z’ (qls q2)3/2:
etc. Another scheme is to assume that in each
family there may exist a corresponding spin-3

state, as in Table I.

Of course, we must decide between these alter-
natives by comparing them with experiment. This
is particularly difficult, since even for electro-
magnetic interactions there is no completely re-
normalizable theory for spin-3 interacting fields.
A phenomenological weak current for spin-3 ferm-
ions would lead to similar difficulties. Within the
usual Rarita-Schwinger formalism, the simplest
VA currents for a spin-3 - spin-} transition
would be
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where u* is a Rarita-Schwinger vector spinor, a
is equal to +1, and g=p —p’. There exist more
general forms, but they present the same diffi-
culties as in the electromagnetic case. In order
to have a phenomenological estimate for the phys-
ical processes, we shall be mainly interested in
the least divergent forms (1) and (2). Our guess
is that a complete formalism that provides a self-
consistent theory will present this behavior at
some level, in the same sense that the old four-
fermion interaction is a good approximation to the
more satisfactory gauge theories.

The currents j, and j, imply a departure from
the usual scaling behavior of spin-} partons. If
we consider the weak transition spin 3 - spin £ in

TABLE I. Possible correspondence between spin—%
and spin-% quarks,
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neutrino-nucleon scattering as in Fig. 1, the had-
ronic tensor corresponding to an interaction with
the current (2) will be
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Using the standard techniques of the parton model®
we find for the structure functions in the Bjorken
limit

_1e¢

Fi(x,Q%3)=%=3F;(x,3),
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where M is the spin-§ mass and F, (x,3) are the
usual spin-3 structure functions. The F} (x, Q% %)
are related by equations of the same Callan-Gross
type for spin 3 but present a very definite scaling
violation: There is a linear rise with Q* which is
different from what is expected by gauge theories
as quantum chromodynamics.® Of course, this
behavior cannot be true for all energies since un-
itarity will be violated, but as claimed above, we
expect that it will appear at ieast at lower ener-
gies in the production of spin-} partons. We re-
mark that a similar result was obtained by Tay-
lor!® for electron deep-inelastic scattering.

The corresponding cross sections for neutrino-
and antineutrino-nucleon scattering are

d’e"’ GME1@Q*

dxdy 1 6MF

[xyzFl + (1 -9)F,

+(1=-y2yF], (5)

where F; are the spin-} structure functions.

For the other interaction equation (1) we still
obtain scaling violations but in a rather different
form. The spin-; Callan-Gross relations are no
longer respected. Instead of them, we obtain (for
neutrinos)

F\(x) = F(x), ©

Flx, @)= S R

"3

p; (172)
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FIG. 1. Lowest-order diagram for a spin-3-quark ex-
citation in neutrino-nucleon reactions.

We can compare these structure functions with
the spin-3 structure functions:

Fyx,3)=}Fx,3),
Qz
Fz(x: sz'%):WZFz(x’%), (7)

Fy(x,3) =%F(x,2).

Besides the scaling violations in a pattern de-
fined by Egs. (7) we remark that the most signifi-
cant departure from spin-3 quarks will be the @
dependence of the y distributions. This can be
seen from the expressions for the cross sections

do*? Gt

dxdy T

[273563)+ 1= e )

+ (1 -y)xy}Fy(x, %)] . (8)

With the above cross section, Eqgs. (5) and (8),
we can easily identify the production of spin-3
quarks in neutrino-nmucleon scattering. These ob-
jects should also be recognized through their de-

cay properties. The calculations we presented in
Ref. 5 for leptons can be easily applied here, as

well as in the production of a pair of spin-¥ quarks
in e*e™ collisions.
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