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We show that the gravitinc mass can be dynamically
generated in the simple N=1 supergravity because of the

presence of guartic scalar gravitino interaction term.

In supergravity theocries coupled to matter fields,
iike the (2 ,%) + (%, 0", 07) model, the gravitino acquires
mass through the well known super Higgs effect [1,2,3]. 1In
this sense we are led to think that simple N=1 supergravity
describes a massless gravitino as the superpartner of the mass—
less graviton (tetrad). ©On the other hand the gravitino mass,
éppearing in models of supergravity coupled to matter fields,
éets a bound to the supersymmetry breaking scale §4,5].

We will show that even in the simple N=1 super-
gravity model the gravitinc beccmes massive, but now as a result

of a dynamical mechanism. By adopting the second order formalism
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.2,

in the Einstein-Cartan theory of supergravity, the spin connec-—

- tion depends on the graviton (tetrad) and on the gravitino, in

the latter case guadratically. After scme little algebra it
can be shown that the gravitino sector is given only by
quadratic and guartic interaction terms. There is a resemblance
between the gravitino sector of simple N=1 supergravity and
non linear spin@r theories as, for example, the Jona-Lasinio-
Nambu model [6]. Jona-Lasinic and Nambu showed that the
presence of a quartic fermion interaction term is respansibie,
at the guantum level, for fermionic mass generation, in an
analogy with superconductivity [7] where the energy gap produced
by the attractive phonon-mediated interaction between electrons
produces correlated pairs of electrons, the Cooper pair. The
energy gap in superconductivity plays the same role as the mass
gap in the Dirac thecry of the electrons.

Because of the quartic fermion interaction term it
is necessary to introduce a dimensionfull coupling constant
{dimension of [massl~ ) . 1In the case of simple N=1 super-
gravity this constaant is « (K:= (16ﬂ'GN)yE where G, is the
Newton constant, Gy = 6.67. 107° cm®/gs?). It will be shown
that «! satisfies a relation analogous to the energy gap
equation {6} in superconductivity relating-it to the dynamical
generated gravitino mass and fo the ultraviolet cutt-off A.

The simple N=1 supergravity, given by the lagrangian
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where we chosed the gravitine gauge*

Yo, = 0 {4)
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Y, = P Yl = lr‘ra= boryy =
T j :
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satisfying
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Also
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4.

The quantization of the theory is made through functional path
integration, so that the Greens function functional generator

is
TR -1 | a . u
Z{E_,T7) = N J [d¢u][deu] § (¥} S{grav.) expi {dxe[; LTI

+ Lghost +

thoed s ¥, h.c.] (5)

Since we are only interested in integrating over the
gravitine wu , we just mention thg graviton (tetrad) gauge
fixing as 4&(grav.) and after.linearizing ei , we only use
its flat-space background tetrad in all expressioﬁs of the
effective action thus obtained. The gravitino ghost is given
by the Nielsen-Kallosh ghost [9] as discussed in ref. [10].

In order to functionally integrate over ¢U we

have to introduce auxiliary fields sc¢ as to eliminate the

quartic gravitino terms. So
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Using for & (y¥)
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and performing the functicnal integration over wu , gives us:
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If we substitute ei by its flat-space background tetrad 53

in the effective action (9} we obtain:
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In order to avoid infrared divergent expressions,
due to the masslessness of the fermion field, the o field has
to develop a non-vanishing v.e.v., [8], that is, we proceed to

the following shift on o:

olx) = o'(x) + o, o _ (12}

where o, 1is constant ahd <g'ry =0. Substituting {12} in
(11) gives us a mass term for the gravitino (M}. Using our

gauge (4) (so that 6ab turns into =-2c¢ 2, we conclude that

+
ab }
the gravitino mass is given by

M = 2 /A1 e g, (13}
Next we calculate the linear terms of a{g'}, w

and Ad . Using for the gravitino propagator, in momentum

space, the expression {11]*3
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we can show that the linear térms of =

m i .
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and of Ad
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vanish.
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On the other hand, for the linear term of o' we

have
r’ .- @ < e, o'] + H dx* o' (x) {17}
AT«
which becomes, in momentum space
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Imposing the elimination of r¢ , which corresponds to the

vanishing of the o' tadpole, leads us to the following relation

H 2
3 = dk"|:4 " k—a:\ — : (19)
44k 2 J L k2 + M2 . .

This equation resambles the energy-gap egquation for the
coupling constant g, in the Jona—Lasinio-Numbu model,
related to superconductivity. It is very divergent in the
ultraviolet region, so that we regularize it by the introduction

of the cut-off A, thus breaking supersymmetry. So we obtain

u
3 2 JA 2 2 (a2
(19) -] =7 l—~— + 3A% - 3M% fo —+ 1 20

reg 44k? {2M2 9 Mz " - (20)

If we identify A as the supersymmetry breaking scale MSSB .

we have for its leading term the relation

=3

3
2298 «
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S5B

[}

(21}

Wess and Samuel [4] thained a similar relation, in the context

8.

of non-linear -supersymmetry, with the presence of a cosmological

term, given by
4 . 3 M7 22
M = 3 {22}

In spite of the different constants appearing in {21) and (22)
we can afirm that they are very similar expressions. 1In this
sense, we conjecture that expression (20) (substituting MSSB
in the place of A} is a generalization of expression (22).
The guadratic functions of the fields g' , w and

ad , can be shown, to develop kinetic terms [8,12}, which is

essentially a guantum mechanical property.
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