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ABSTRACT

By means of the operator of the evolution of the Clifford algebra set up in

a previous work, we show that there is an interaction between spinor fields that

assumes the form of the V-A leptonic weak interaction in the flat space case.

Some comments about the possibly effect of cosmology on leptonic weak inter—

actions are set up.

* This work has been supported by the Coordenagao do Aperfeigoamento de Pessoal

de Nivel Superior (CAPES) and by Centro Brasileiro de Pesquisas Fisicas.
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I. INTRODUCTION

The weak interaction between leptons may.be described in a very approximate
form by means of a field-theoretical way, the so~called V-A theory. In this
paper we intend to investigate this interaction by an unusual approach, in a

kind of geometrization of the theory.

The idea,.as put earlier in a previous work, is to consider the existence
of a sub-metric.structure as given by means of a Clifford algebra (C-algebra).
It is possible to show that we can introduce a very simple dynamics in this
algebra by means.of which we can elaborate Einstein's theory of gravitation as
a consequence .of some sort of self interaction between the basic TI'-field of

the algebra.

In regarding the leptons as some spinor fields of the C-algebra, we can
construct a non-trivial hamiltonian by means of the operator that gives the

evolution of the sub-metric objects.

2. THE C-ALGEBRA

Let us start by sumarizing certain results that we have obtained in 2 we

consider a vector T OLQX) that generates a C-algebra. This means that there is
defined a product between the I''s such that the anti-commutator of two I''s is a

multiple of the.identity of the algebra. We write
{I‘a(x), I‘B(x)} =2 gas(x) 1 (1)

where &up (x) is the symmetric metric tensor of the vectorial space of the
algebra. The universal C-algebra in a four-dimensional space has ot linearly

J'ndependent elements. Let us call then as
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o0 = 2 a® rf -8 %

rS(x); L3 IFHGIrSx)
The great indices.represents the tensorial character. I'®(x) is the pseudo-scalar
of the algebra, that is, it anticommutes with all others members of the algebra.
We will chose a representation of the algebra in such a way that each I‘a(x) has a
two-internal indice, that is

0 4, B=1, 2,3, %

The meaning.of the word internal is that the I''s may suffer in those indices

a transformation of the kind

~ - P -3 B
P00 = Moo By o u 5 P (2)
If we lock for the conditions that make possible a relation between the internal

transformation (2) and an infinitesimal coordinate transformation, then we arrive

at the expression

Taps = o[> 7o) )
where the bracket, as usually, means the commtator, UB is a member of the
algebra, o is a constant and the symbol || means the covariant derivative defined
by

RORILRY

Tajg = Tajs lag} Te * %2 T, )
where

r . .= .2..]_:‘2

afB 8
X

{a%} are the Christoffel symbals
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Tg is the intermal affinity 3.

In our deduction we have restricted the possible form of the internal trans-
formation M(x) .by.a representation of the (local) Poincaré group. This gives us
immediately the-form of the operator UA as

U, = r)\<11+ rs) (5)

A

2 that there is a relation

From the expressibh (4) it is possible to show
between the contracted curvature tensor RaB and.an arbitrary tensor of the
second or'de:r'-:BdB -that gives origin to Eins‘téin's equation of gravitational in-

teraction. -

3. THE LEPTONS

Let us.represent by Y(x) an element (spinor) of the C-algebra. In all this

paper we will identify these y(x) as leptonic fields.

We have seen that the evolution of the C-algebra is given by the Ua—operator.
It seems reasonable to consider that there is some kind of interaction between
the leptons that may be guided by this operator too. Let us consider the

- simplest vector-scalar of the algebra constructed with UQB(X) .

where the labels r, s characterizes one of the leptons. Then, we can construct

a scalar object and try to interpret it as the hamiltonian of interaction.
The simplest non-trivial object has the form

_ 0
lﬁ—JuJ (7)
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Let us evaluate this expression in the case of a weak gravitational field, that
is when the metric tensor assumes the form

(x) E gaB + e h ,(x) (8)

&8 af
where §0c6 is the Minkowskian metric and € is a small quantity. It is an easy
matter to show that this approximation is a consequence of the approximation of

the Pu(X) by means of the constant vy

B
I'a(x) ~ Yt hOLB(X) Y (9)

Njm

r3(x)~y® + o(x) v° (10)

N o

where
{ }=2¢g
Ya> YB = gaB

With these expressions we may write

I~ +-—-h636+—€2- $(x) p, (11)
and then
”‘gjoms jg's' * 2 q’(pars g's’ * J P 's') *
+ e h (32 380 (12)
where
Saps = U Yo (T Y®) U ENGED
Pope = Up Yy Y° Ug )

If we neglect the gravitational term (e = 0) we can see that this inter—
action, that we have constructed by the U-operator of the C-algebra, is just
the V-A interaction, So, we can say that expression (12) gives us a correc-

tion of this interaction in a gravitational field and that the weak leptanic
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interaction (as gravitation) has an intimate relation with the I''s interaction.

4. COSMOLOGICAL CONSIDERATTONS

It has been argued by same authors that it is possible to consider a conne-
xion between local theories and cosmology. We will try to prove here that in
the usual cosmologies (Friedmann or steady-state models) there is no effect of
the long-scale metric on the leptonic weak interaction, in the way we set up
this theory in this paper. We start by considering that the common feature of
these models is the so-called Robertson form of the metric, that is

dr?
ds? = dt? - R¥(t) { ——— + r? dO® + r’sen?ed¢? (15)
1-K
The crucial property of this metric is that there is a coordinate system such
that the metric tensor has only diagonal terms. This property may be translat-
ed, in the C-algebra, by the relation
Pdéx) = ¢la,x) Yo (16)

!

where v is a constant.

Furthermore.we can. suppose that I'’ is normalized that is
rérf=1

(This is by no way a restriction on the theory but only a choice of the form of
the operator U, to be (5). We could start with a non normalized I'S and we

5
could obtain the modified form U, = T, (1 + E/E ) where T¥ I'S = ¢(x) 1L).

With these conditions, a straigh‘tforward calculation can show that

J. J% =3, 5@ (17)
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with J_ and j, defined by (16) and (13).

. We se that (17) shows that there is no effect on the modification on the form
of the hamiltonian (weak) leptonic intéraction by the cosmological models treated
above. This is essentially due to the diagonal form of the metric. This is not
the case in G3dels model, for instance, that has a mixed term in the metric
tensor. We can.easily evaluate, in this.case, what is the correction that gravi-

tation may introduce in the interaction.

5. CONCLUSION

From these.considerations we can see, for instance, that the annihilation
process of electrons in a pair of neutrino may be influenced by the non-diagonal
character of -the metric. It is a very interesting question to look for the rate
of modification of the neutrino creation process in a rotating star, for example,

as it is known.that the metric is also non-diagonal in this case.
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