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W-1 Supergravity with Nonminimal Coupling: A Class of Models
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The component formulation of the Ness-Zumino superspace action leads, when com-
pared with the general results of Cremmer et al. , to a nonminimal version of N =1 super-
gravity. A new superpotential, g2(z), has been found that gives a scalar potential V(c)
that is even in z and which breaks supersymmetry inside the circle of radius ~6/K in the
complex Q) plane.

PACS numbers: 04.50.+h

the point of view of the superspace action. Mak-
ing use of the extensive reduction work of Crem-
mer et al.~ we are able to go freely between
choices of the superspace action and the effec-
tive action after integrating out the superspace
Grassmann elements. In this way, it has been
shown that what is called the minimal action in
reality is not simple, while what is simple from
the superspace action point of view leads to the
so-called nonminimal coupling.

Our nonminimal model is based on the formal-
ism of the N =1 Wess-Zumino supergravity. '
We will show that it generalizes the Ovrut-Wess
mechanism and improves upon it in two respects:
Instead of a negative infinite cosmological con-
stant, we have a zero cosmological constant and
the SUSY-breaking strength in our effective theo-
ry is just the mass of the gravitino rather than
the arbitrary parameter, 4, in Ref. 2. It should
be emphasized that, in contrast to the Ovrut-
Wess mechanism, in our theory the supersym-
metry is broken sPontaneously and not explicitly.

We begin with the general action of the coupled
Yang-Mills matter -supergravity system:

d HERe[f„a(T)W W /R], (1)

Supersymmetric grand unified theories have
had problems with phenonemology that locally
supersymmetric theories, calling on the residual
effects of gravitation, might well solve. These
problems include the degeneracy of the sponta-
neously broken vacua, the SU(2) S U(l) symmetry
breaking, and the s-quark, s-lepton, and gau-
gino' masses. The mechanism proposed by
Ovrut and Wess' introduced the effect of the Ã = I
Wess -Zumino supergravity into supersymmetric
(SUSY) grand unified theory. An explicit soft
SUSY-breaking term is generated as a result of
this supergravity. Weinberg and others' ' showed
that supergravity can lift the degeneracy of the
global SUSY vacuum and trigger the SU(2) 00 U(1)
symmetry breaking.

Phenomenological attempts in this direction
have mostly been based on the so-called minimal
coupling of matter and supergravity. »' Minimal
models may be a promising approach but they
have encountered problems with anti-de Sitter
vacua' and with stability of the gauge hierarchy. '

In this paper, we approach the problem from

A= Jd4x d 8E(4'(Te "T)+Re[g(T)/R]) + J d'»

where Y is the gauge multiplet of the group G, T, are chiral superfi. elds, g(T) is the gauge-invariant
superpotential, 4 is a gauge-invariant real function of T; and T, E is the vierbein determinant, R
is the chiral scalar curvature superfield, W is a gauge-invariant chiral superfield which contains the
vector field strength, and f s is a chiral superfield transforming as the symmetric product of the ad-
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joint representation of G. The tree-level potential for the scalar fields, following Cremmer et al. ,
may be written as

e ' V= ——exp(-9)! 3 + (9" '), " 8"9, ] + r'(0")',

where

9 = 3 ln(- 3 K'4) —ln( g ~'!g! ') (3)

(D )' = Beg' —f 8 '(S"T", 'z, )(O'" T „'z, ),-21

where g is the gauge coupling constant, 8"= 88/&z~, and the z's stand for the scalar components of
the chiral superfieMs.

The popular minimal coupling corresponds to the choice

e(z, z*) = —(3/~')exp(--'~'z; z"'), f„q=+ 6

resulting in the scalar potential

e-'V= —,
' exp(-,'~'z, . z+') [!Sg/S~, . + —,'~'z +'g! ' —~2~'! g! '] + ,'(D")'. —

From the point of view of Eg. (1), a far simpler form to take for 4, one that is consistent with the
decoupled gravity and global supersymmetry limit, is

I' = -(3/K )[ 1 —
6 K S"S;—+~K T''e "T, —+~x (c*'8; +H.c.)],

where we have let T, be a set of chiral gauge multiplets while S, refers to the set of chiral gauge-
singlet superfields. This choice of 4 leads to a space-time action that is identical with that derived
from the 1V = 1 Wess-Zumino supergravity.

Upon performing of the necessary Weyl rescaling, the scalar potential now reads'

~ ~
—~~'g' g,y*', '-, -' „, +H.c. -~~g!'/f + —, (D")

6 i
(6)

where I= —3z'4(z, y) and the z's and y's refer to the scalar components of the chiral superfields 8 and

T. Here

g' = Sg/Sz, . -3(&lnr/Bz, )g

(Da)2 +2 + -4 (ggi Ta jz )(grk T~ l z ) (10)

The coupling between matter and supergravity is a nonminimal one because the kinetic energy term
for the z, has the noncanonical forme,. K',- K'

i Dq z'D "z,5.' 1 ——z .z*' + —z .z*'
2 ' 6 ' 6 ' (1-&e'z z*')'

(13)
n =0

The theory here, thus, makes sense only if (z;)
satisfies the constraint

~'! &z, &!'(6. (12)
Before we put in explicit GUT fields for model

building, which will be done elsewhere, it is in-
structive to consider a class of superpotential
with only one singlet complex field, z:

g,(z) = Q a„z",

! where the a„are complex c numbers. Note that
we do not assume & P«&« that g, is a cubic poly-
nomial since supergravity theory is in any case
nonrenormalizable. Also we should note that
the Polony superpotential or the O'Raifertaigh
mechanism will lead to scalar potentials that are
unbounded from below in this nonminimal model.

A very interesting feature of the potential as
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given in Eq. (8) is that, in contrast with the minimal case, it can be made invariant under the reflec-
tion of the complex field, z- —z, if we set c,. equal to zero and restrict the form of g, (z). For this
analysis it is convenient to rewrite Eq. (8) as'

g, (z) =a,(1+K. /v 6)'. (i6}

Proof: By direct inspection from Eq. (14), it
is easy to derive first that invariance under z

I 1 ~ 8

(] -~ 2z zw~)2 2 B 4 g 3 iBz6 i i

Namely, we have derived the following:
Theorem. If V(z) = V(-z) for z in the complex

plane, then

g, (z) = a, (1+v' ~'z') + a, z(1+ ~~ x'z').

If, furthermore, V=0 at the minimum then V(z)
=0 and

(14)

a~a2~ —z& a0a

1 2a2Q3*= 1, K a,a2

Since the overall phase of g2 is irrelevant, a,
can always be chosen real. Next, the relative
phase of a, may be compensated by a choice of
the phase of z. Equation (IV) then completely
fixes the phases of a, , to be r".al. The scalar
potential then reads

1 —6K gZ

If p=a, '-, ~ a0'& 0, the minimum is obtained for Imz =0. However, at the minimum, V is then
negative. If p&0 the potential is not bounded from below. For @=0, i.e.,

a = K Q1 2 0

V vanishes identical/y and g, (z) is given by Eq. (16).
Thus if we require invariance under reflection in the complex z plane and zero cosmological con-

stant, the resulting V is completely flat. Supersymmetry is actually broken by g„as may be demon-
strated by evaluating Eq. (9),

g, (z) = a,(1+ ~z/v 6)'(1+ ~z*/W6)/(1 —~6 ~'zz*) .
For all z satisfying the constraint Eq. (12), g2 is not zero.

The flat V implies that in the effective theory in the limit as ~-0 the ~ field is absolutely massless.
This feature of the theory has, however, no direct phenomenological implications as long as the cou-
pling of the scalar singlet with matter is small. In conventional treatments, where g is set equal to

g= g, (y) +g.(z), (»)
the grand unified theory fields contribute to g, while the singlet fields contribute only to g2 and induced
couplings between ~ and y are indeed small.

The total potential V(g, +g,) is then given by

e 'V(gi+g2) =v(I —4 x'( y.y*'+ zz*)1 '(
I Bg, /By. !' -4~'

I ai( y) I

'

-~2 ~'[ G,(y)G, *(z)+H.c.]) +(D")'/2,

where

G, (y) =g, ——,
' y, Bg,/By. , G,(z) =g, ——,

' z Bg,/Bz =a,(1 ~z/V6 )'.

For there to be a residual effect as ~ - 0, it is necessary that

a, =m/~'.

It then follows that the gravitino mass is given by

m, g,'= K 'exp(-9)
=

4 m2(1+ a)'(1+a*)~/(I —aa*)~,

(22)

(23)

(24)

(25)
(26)
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and that the effective theory finally reads

Bg 2 — (I gg+)~~2 G ( y) (D~)
(Z1 Z2) 2 (I gag)2 By

3j2 (] ~ g) -1/2 (] +~)3/2

where we have now reparametrized

(z) =au 6/~ with I~l &I (28)

~' On leave from Institut de Physique Nucleaire,

and, because a can range over both positive and
negative values, it is sufficient to consider only
the plus sign in Eq. (23). The residual effect of
supergravity is entirely in the parameters a
and m, y, . In Eq. (27), the sign for the second
term is model dependent; for example, the
minus sign has been chosen in Ref. 3. It is im-
portant to note that the minimum of the potential
[Eq. (27)] occurs always for ! a! & I, whatever
the model. This is because the presence of soft-
ly SUSY-breaking terms will make at least one
of the (!Bg,/By, ! ) not equal to zero.

To conclude, we emphasize again that with
this approach from a simple choice of superspace
action we have derived a natural generalization
of the Ovrut-Wess mechanism. We find that a
simple reflection principle leads to a zero cos-
mological constant and it results in a SUSY-
breaking strength in the effective theory that is
the mass of the gravitino.
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'We use "s-quark, ""s-lepton, " and 'gaugino'& to des-

ignate the supersymmetry partners of the quark, the
lepton, and the gauge boson, respectively.
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