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ABSTRACT

A model is presented in which gravity and electro-
-weak interactions are described in a unique framework. As a
consequence we are led to predict very massive particles (of
masses = 369 and 520,3 GeV) which intermediate WU - W, and

U

WU - ZU interactions. This new interaction 1s the short-range

counterpart of gravitational interaction.
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In the last years many attempts have been made to
unify gravitation and electro-weak interactions. One serious
difficulty of this program is the unadequacy of the formalisms
to either geometrize electro-weak interaction (Einstein's
unified program revisited) or to put gravity in the scheme of
standard gauge theories. 1In the present letter we propose a
new model in which this difficulty is overcome in a natural way.

The starting point of our model is Jordan's1
formulation of gravitation theory. In his approach, Bianchi
identities are treated as the true dynamical equations for the
gravitational field, yielding equation
(1) WY =0

for the Weyl conformal tensor WQBUV.

It is extremely important to note that Jordan's

formulation is completely equivalent to Einstein's theory of

gravitation, as was proved by Lichnerowiczz, in a theorem that
can be stated as follows3: If Ruv(Z) = 0, in which I is a
space oriented hypersurface in a four-dimensional Riemannian
manifold Mys then equation (1) guarantees that Ruv = 0 in every
point of M4.
The next step in the construction of our model is to
make appeal to a result by Lanézos4

In a 1962 article, this author showed that Weyl's

tensor WaBuV can be written as first order derivatives of a three-

-index tensor Huvx in the following way:
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- = - - H
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-1 (H +H )g -1 (H, +H ,)g +
2 ap o Hal 7Bv 2 Bv TvB' Zou
2 ..OA
+3 H o3 (guung - gavgBu)

in which
_ o A
How = Ho s 7 Haasw )

This tensor Huvk’ called Lanczos potential, has the symmetries
(3a) Huvk = —Hvux
(3b) Huvk + Hw\u + quv =0

Expression (2) is invariant under the gauge transform-
ation

)
(4) Huvx M Huvx - Huvx ¥ ngvx - ngux
for an arbitrary vector y 5.
i
As it was pointed out by Lanczos4, H "is reducible

HVA
to the metric tensor guv only by an integral operation, i.e.,

the value of HuvA depends globally on the geometry of the manifold,
and yet the tensor Huvk participates locally in the formation of
the field equations";

However, an explicit local dependence can be exhibited

in the case of weak gravity, that is, when Iv = Ny * € wuv,
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where 82 << g. Lanczos potential can then be written as

(5) H =z v - wvx,u *% w,unvk % w,vnuk]

()Y - 9
uvn and wuk,v B va wuk'

(1) reduces to the Pauli-Fierz equation for a spin-2 particle6.

in which ¥ = In this case, equation
Lanczos' result remained almost forgotten until 1982

when Bampi and Caviglia7 proved the existence of H in any

HVA
Riemannian manifold.

When Weyl's tensor is written as in (2), equation (1),
is the dynamical equation for Lanczos' field. This Jordan-Lanczos
description of gravitational phenomena is equivalent to Einstein's
gravitation due to Lichnerowicz's theorem mentioned above. It
will be seen to be an adequate framework to unify gravitation and
electro-weak interactions. Salam8 and Weinberg9 have independently
succeeded to show that electromagnetic and weak forces can be
unified by making appeal to a gauge structure. The essential idea
in their treatment is that photons and intermediate vector mesons
are the gauge fields of a SU(2) x U(1) structure. This model is
presently largely accepted due to the experimental confirmation
of its predictions.

In Salam-Weinberg's model, long and short range inter-
actions are distinguished due to the behavior of a spin-zero
doublet ¢ in vacuum; Indeed, it is the existence of a non-null
expectation value in vacuum for ¢ which generates the masses of
the vector bosons which intermediate weak interactions.

We will follow this road and propose here a more general

model which accomodates also gravity in the unified description,

without the introduction of any new parameter and keeping the same
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gauge structure.
In order to do this we start by considering a multiplet

(1) and B — in which (i) is an SU(2) index.

of Lanczos potential Auvk A

We decompose these tensors in their irreducible parts

(i) _ _ (1) g (1) - (1) g (i) (1)
Buvd T 3o P 3 R 901 T e 13 By TTgy - A g
- 9’
Buvk - buvk 73 B[u gv]k
in which g A(i) = A(i)v and g'B. = B V are identified to the gauge
u Hv u Y

fields of Salam-Weinberg's model; g and g' are introduced in order

. . . . _ -1 (i)
to have the right dimensions, dlm[AuuA] = length . apvk ;, the
trace-free part of Aﬁt; , transforms as a vector under SU-2 and

Aél) transforms as an internal connection. The total covariant
derivative for an object which is a tensor under a general coordinate

transformation and a vector under the internal group is given by

(1)  _ L (1) i
Tu” A = TU;>\ + g[A)\'vT]J]
where (;) stands for the space-time covariant derivative.

The fundamental invariant Lagrangian of our model is

the sum of three terms:

2,

) +

i
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o
o
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u4‘
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=
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8M3k ) aBuv * - Tafuv
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S

i s uv A
/=det guV {E RZ"™ vy (gw\VU - gukvv + 3Buvx)R +

igpv A 7.3 3
+ T L™ Ty (gw\vu - guxvv + 3T°Auvk + 3 BuvA]L }
— (1 > . 72
ﬁ93 = /-det Iy {E [}vp¢)gvk - (vv¢)guk - 31T'Auvx¢ + 31BUVX?J +
f o (6'0? ~ n%e"e - g, (Cor + KoL) }
W and C are Weyl's tensors constructed in a totally
MVAD UVAP

(i)

covariant way, respectively with auvk and b Therefore the

qu’
dynamics of the pure tensorial parts of our gauge fields are
obtained when we independently vary aﬁii and buvx and are written

in the form of Jordan-like equations, that is

(6a) WP L
o
(6b)  cHVAP o gHVA

in which the currents EUVA and juvx are constructed with the terms
(1) respectively. k = 8nG G is
VA C4

as we will see, is the mass of the heavy

and b

coupléd to a LAY

Newton' s constant and MO’
tensor bosons.

The last two terms in 3@1 contain the standard ones

1 (i) _uv 1 v
-7 fuv £ (i) and - vy BuvB where
uv Hr V V, U [YRY)
and
B =B - B ,
UV W,V v, u

as can be directly checked. These terms are constructed in a

similar way as in Lanczos gauge-fixing procedure. The independent
(1)
U

variation of A and Bu yields the usual equations.
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5
L is by definition the left-handed doublet L =(l%;—)(;),

5
and R is the right-handed singlet R = ({51)e; the scalar ¢ is
Yqu_YVYu
an iso-doublet under SU-2 and Zuv = — ° We have taken

into account the soforth experimentally confirmed maximal parity

violation of weak interactions.

Due to (3b),I@ can be reduced to

2

- VZdet g ' {igy¥ x M TvH25L R v (d5 U = U
192 det guv iRy VUR + 1Ly VUL + gLy 1L AU + g (ZLY L + Ry R)BU

from which we can conclude that leptons do not interact directly

(1)
" and buvk'

Following the standard procedure Lagrangian 253 is

with the tensors a

introduced in order to provide a mechanism to give mass to the
intermediate vector and tensor mesons. This mechanism relies on
the fact that our iso-scalar doublet can have a non-null vacuum

0
expectation value, that is, we can set ¢ = {(K+X)//7] with

<0|x]0o> = 0.

With a proper re-arrangement of our tensor and vector
fields, we will see that the existence of this non-null value for
¢O will give mass to three tensors and to three vectors. The
remaining massless tensor and vector bosons will be identified
to the graviton and the photon, respectively.

In order to have the correct angle ew, that is, to have
for the vector mesons the standard Salam-Weinberg's result, the

tensor fields aﬁi; and buvx have to be rotated of 45O - which is

just another way of stating the fact that there is not any
dimensional constant associated to the tensorial interaction in

the present model.

Indeed, if we define
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-7 =
(1) ._(2)
Wi _ apvx * lauvk
HvA o /7
(3)
7 B apvk * buvk
uvA
V2!
(3)
_ B TRt W TEV)Y
auvk -
V2"

and the vector mesons are rotated in the standard wayg, we will

t) =3
m(Wqu -2
m(Z ) =3 /T
HLVA 2
m(auvk) = 0.
Knowing that m(Wu) = gA/2 we obtain the values m(Wuvx) = 369
and m(zuvk) = 520,3 GeVv. Our Lagrangian can now be rewritten

A' Zuvk' auvk’

+

W, Z : " A is the photon field. a
Wty By i u P v

associated to the usual long-range gravitation and its dynamics

11

in terms of the new tensor and vector fields W;

X is then

is obtained from the variational principle yielding

1 .aBuv 1 ula; Bl 1 ulomg 8]
(7) K W PN ) T + 3 g T
where WaB“V is now the Weyl tensor constructed with a As

HVA

we have already stressed, equation (7) is equivalent to

Einstein's equation. ™V  is the energy-momentum tensor of all

the fields involved.

It is important to remark that although 5g“v and §a

get

GeV

HVA
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should in principle be treated as independent quantities, we have
found out a relation between these variations which is
necessary to obtain equation (7) from a variational principle

that 1is,

(8) 8y, = —o— [da

uv
2M0

o
(b V)ia

Bu oo

_2 sa
3 Juv aBy;o0 9 9

The constant M = m(WuvA) which appears both in Rb1

and in relation (8) due to dimensional considerations, disappears
from equation (7), as it should be.

Going back to %91 we see that tensor bosons can
intermediate WU - Wu and Wu - ZU interactions through the
appearance of terms like Wﬂl\)p W; W; W; , WHYP Z, Zp W; and so
on10. Therefore we have here a model that starts to answer the
very pertinent question of the nature of the interaction of vector
mesons with themselves.

The results above suggest that it exists a new inter-
action that can be thought as the short-range counterpart of
gravitation, as weak interactions are the short-range counterpart
of electromagnetism.

We are aware that this model leaves many opened
questionsbut we nonetheless consider it an interesting contribution
to a few important problems concerning the search for a unified
theory of fundamental interactions. The fact that we can predict
values (which are within the present accelerators limits) for the

masses of the tensor bosons allows this model to be experimentally

probed.



