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Cosmological constant in supergravity
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We construct an extension of pure supergravity which contains a cosmological term and a

masslike term for the spin-3/2 field. Unlike another recent model which incorporates these
features, that presented here is constructed from the usual spin-2, spin-3/2 fields alone.

I. INTRODUCTION ~+uab= Buab 2ebu B)ta '+ 2'8auB (2.4)

Since the advent of the new supergravity theory"
much effort has been directed towards the cou-
pling of supergravity to matter. ' ' ' But little has
been written about extensions of pure supergravity
to include R2 terms, cosmological constants, etc.
Freedman and Das have recently shown that the
gauging of SO(2) and SO(3) internal symmetries in
extended supergravity requires the presence of
cosmological and spin- —,

' masslike terms for local
supersymmetry. The cosmological constant in
these models is proportional to the internal-sym-
metry gauge coupling constant and is therefore not
arbitrary. One might suppose that the appearance
of a cosmological term in supergravity is con-
tingent on the couplings to matter. That this is
not the case is demonstrated by the model pre-
sented below, which contains only spin-2 and spin-
& fields and differs from the usual supergravity
theory by the addition of cosmological and spin-&
masslike terms. In fact, this model can be ob-
tained from the O(2) gauge model of Freedman and
Das if one eliminates from the Lagrangian of Ref.
6 the spin-(b, 1) multiplet while keeping a nonzero
gauge coupling constant. ' However, the present
author was guided by other considerations, de-
scribed in Sec. III. In addition, we use here the
first-order formulation of supergravity, ' by which
the verification of local supersymmetry is con-
siderably simplified.

II. THE MODEL

The action

ay, bv

(2.1)

is invariant under the following transformhtions:

B,""= ~e 'e"""s yby, D„),
+iXa'a"""cy, (- —,

'
y~y, + 2e„)g, . (2 5)

The last iwo terms of (2.1) are an addition to the
usual supergravity action and the last terms of
(2.3) and (2.5) are additions to the usual trans-
formation laws. . The curvature tensor and co-
variant derivative are

(d —(duvab vab& u Qab~v ua vcb ub +vca &

1
Du = 9~+ 2'~ bo'

(2.6)

(2 7)

o.b=-. [y., yb1,

apl 23 ]

(2.8)

We shall first discuss the invariance of the action
of (2.1) and then comment on its construction.
Only those variations containing X need be checked
here since those variations of (2.1) not containing
A. are already known to vanish. We must first
check that the variation of (2.1) containing terms
linear in g„vanishes. Firstly, note that the varia-
tion of the cosmological term cancels the 6g„
= 2ixy„e variation of the spin--,' mass term.
Secondly, it is easily shown that the 6$„=—,iXy~s
variation of the spin-& kinetic Lagrangian is

—in~"""s y, o,„D„(,+ 4i&a" "sy,y, y, g, S„„',

in which vu, b is an independent field. e,„ is the
vierbein field and e is det(e, „). The metric signa-
ture is (+ ———) and other conventions are as fol-
lows:

y =iy'y'y'y'

YP Y1 Y2 y3 ~ P
2= 2= 2= 2=1

6e,„=—itsy, P~,
6P„=~ 'D, c+-,'Q.y„s,

(2 2)

(2.3) where the torsion is

(2.9)
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wv'=e'v, f
-e f,v+ v c v

—~v c (2.10) which is appropriate to the de Sitter group. ' The
covariant derivative has the commutator

Thirdly, we rewrite the spin-& mass term as

(2.11)

and take the 6g„= (1/z)D„s variation to obtain

Qe»""s y,o» D„(,+ 2iAe~'""c y,o,~(,S~„' .

(2.12)

Adding (2.9) to (2.12) we get

(2.13)

Now, for 6ur„,~ of the form (2.4) the contribution to
6S from 5(d „is

(2.14)

where

8»„=8»„—X'z'(e, l,e» —e,„e») .

(3.2)

(3.3)

Let us now replace D„ in the usual supergravity
action and transformation laws by X),. This gives
precisely the spin--', mass term of (2.1) and the .

new transformation law, (2.3), for g . The spin-
& field equation is now that of conventional super-
gravity but with S, replacing D„. Secondly, let
us construct a modified Einstein tensor from
+gvab&

'

2~& & (4z'YA'g)(s&5')

while the former is

—&~& '""(4D',&,.l,)(s Y'0, ) '.

(2.15)

(2.16)

A Fierz rearrangement of (2.16) leads to a term
which cancels (2.15) and a term which vanishes
after a small amount of Dirac algebra. The action
(2.1) is therefore fully invariant.

In obtaining Egs. (2.15) and (2.16) we made use
of the identity

(2.17)

where Q is any of the 16 Dirac matrices.

III. CONSTRUCTION

A nonzero cosmological constant implies a. con-
stant curvature of spacetime independent of mat-
ter. The symmetry properties of such spaces are
those of the de Sitter group rather than the Poin-
care group. The covariant derivative, D„, of
(2. i) is appropriate to the Poincare group. When
considering the possibility of a. cosmological term
it is therefore natural to form the modified co-
variant derivative

=D„+ p zXKy„, (3.1)

so that (2.13) is canceled by the choice of the last
term in 8,""given by (2.5). This completes the
verification of invariance up to terms linear in („.

To check that the cubic terms in 6I also cancel
is simple. The additional terms that we must con-
sider come from the 5e„variation in the spin--,'
mass term and the new 5~„„variation in the spin.
& kinetic Lagrangian. The latter is easily shown
to be

(3.4)

where G~, is the usual Einstein tensor constructed
from B„„„.We will now require that the new spin-
2 field equation be obtained from the usual one by
replacing 8„for 6„,and S„for D„.. This equation
ls

9 la e-1+exPuuq (3.5)

This requirement is met by adding, in addition to
the spin- —,

' mass term, just the new cosmological
term of (2.1) to the usual supergravity action.
This completes the construction of (2.1). It is seen
that the new action is determined by the prescrip-
tion that the quantities D„and R„„,~ which are char-
acteristic of the Poincard group, be replaced in
the field equations' by the quantities D„and (R„„,»
which are characteristic of the de Sitter group.

IV. COMMENTS

We have shown that pure supergravity may be
generalized to include an arbitrary cosmological
constant. As in previous models, ' this requires
the introduction of a masslike term for the spin-&
field. The presence of a nonzero cosmological con-
stant implies a constant curvature of spacetime.
Consequently the spin-& mass term cannot be in-
terpreted as a physical mass. "

Further, it is hoped that the use of de Sitter co-
variant quantities will be useful in the construction
of more complicated models. "
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