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Consistent Supergravity with Complex Spin-2 Gauge Fields
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We construct a new theory of supergravity @which is invariant under complex local su-
persymmetry transformations. This theory is obtained by coupling the massless spin-
(2, 1) multiplet of ordinary global supersymmetry to the spin-(2, 2) gauge multiplet of pre-
vious supergravity.

Ordinary supergravity is formulated' ' in terms
of two real gauge fields, the spin-2 vierbein field
and the Majorana spin- —,

' Rarita-Schwinger' field.
The latter is the gauge field belonging to local su-
persymmetry transformations with anticommuting
real (Maj orana) spinorial parameters. In this
Letter we formulate a new theory of supergravity
in terms of the real spin-2 and spin-1 vierbein
and photon fields, and a complex spin- —, Rarita-
Schwinger field. This theory is obtained by coup-
ling the real spin-(2, —,') gauge multiplet of super
gravity to the real spin-( —'„1)matter multiplet of
global flat-space supersymmetry. The two real
(Majorana) spin- —, fields are combined into the
single complex (Dirac) spin- —, field. The result-
ing action turns out to have a complex local su-
persymmetry whose gauge field is this complex

spin- —, field. This theory unifies gravitation and
electromagnetism, the photon now belonging to
the gauge multiplet of complex local supersym-
metry, and constitutes the first example of a con-
sistent interacting theory of complex spin--,'
fields.

Before discussing the derivation, we give the
results. The complete action is the sum of the
supergauge action g of ordinary supergravity,
and the matter action CM. The former contains
the vierbein field e,„(the graviton) and the Ma-
jorana Rarita-Schwinger field g„, while the latter
describes a photon A„and a second Majorana
spin- —, field q„. The matter action couples, as
expected, g„ to the Noether current associated
with the global supersymmetry invariance of the
matter action, and contains, in addition, a four-
fermion contact term X~M.
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The action is invariant under the following transformation laws

5A„=W2(Z'y„), se'„= wry'g„, (5)

s9 „=—(1~~2)( E„.y "+ 2eE,.y'y. ] ~+ 'K(%„v. -V.v, )y'—&+ -'«&,,8(% v')y'y. & (6)

6)~= 5$~ + gKO 6 [2+~y cpg+ p y~pg ], (f)

Dp+ aK& &I. 2Vpy, 4+ 4, ypV~ J. (8)

In these equations D& ls 'the gravitational covariant derivative (without torsion) E„„=E„E
yg„=eedt(e'„}, c is a real space-time-dependent Majorana spinor, while Greek (Latin) indices con-

sistently denote world (local Lorentz) tensors. We use the positive metric g„,= g"'= 6„"=(+, +, +, +) in
flat space (the Pauli metric) and our gamma matrices are Hermitian with squares equal to one (y, '= y, '
=1 with a=1, 4).

As in previous matter-supergravity couplings, ' ' the bilinear term in the transformation law of the
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matter fermion field q„can be absorbed into the flat-space law by introducing supercovariant deriva-
tives' '

DpA„= D„A,—(1/&2)t&(/pe„).

The matter term in the transformation law of the gauge fermion field g„ is exactly torsion. We intro-
duce the gravitational covariant derivative with torsion g)„ in terms of the connection w„„=~„„('~+g

"Q,y. to („—y c.+c.y, c J+ ~'I -m, y.v» —~,y v. +my, ~d. (10)

The previous action can now be rewritten as follows:

Z = —(2a') 'eR(e, (u) — P„e"'P'y,y „Dp(, —,'egPP g—'"E„,Ep,
—p@pep'p'y, y, Dpy, + (v/2v 2)pp[eEp'+ —,'y, Ep'Jy,

or, equivalently,
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where the supercovariant derivative of yp (and Mm gp) is given by

Dppp Dp'pp (+/ )( pgy 2 pgy y )0p'

The transformation laws can be rewritten as

5A „=v 2(Fy p), 5e'„=~ay' g p,
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(12)

(14)

(15)

We now observe that the action has a global U(1) invariance, corresponding to rotations in the g-y
plane. ' As a consequence, the action is invariant under a second real local supersymmetry transfor-
mation, obtained by interchanging the roles of g and y. The action is therefore invariant under the fol-
lowing complex local supersymmetry transformations

5A
p

= —i~2(F, X p
—y~ '), be'p = rc (e,y' X p

—spy'e, ),

5y„= (2/z)D„'e„D„'=D„—(it&/2W2)(Ep» 2eEp» "y,),
where the complex fermionic gauge field and complex gauge parameters are given by

= (E&+ 1E2)/v'2, )(p
=

(tPp + Egp)/v 2.

(17)

(18)

%e now discuss the derivation of this theory. The method is the same"' as used to couple super-
gravity to previously known matter multiplets. Since the transformation laws as well as the Noether
current of the flat global supersymmetric spin-(-„1) multiplet" were unknown, we start by discussing
them. The flat-space Lagrangian

z& (Vpy5y„e pP ~) 4(Ep~)

is invariant under the transformations

(20)

(21)»p = ~2(~V'p), ~up = —(1/~2)(Ep&y'+ z Ep~y'y~)&.

To establish this result, one uses the cyclic identity 9„F&,=O. We now discuss local invariance. At
the order w level, the requirement of invariance fixes uniquely the coupling of g„ to the Noether cur-
rent

8p = (E„.+ ay5Ep, )V.

which is conserved because of the following identity:

n8pa~ pvp ~ pFp+y5~pupge pva= ynopU(~ ysygs pter) ~

(22)
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At the ordex" y level, the usuals 8 minor miracle happens as the +~~ terms in ~ eance]
order, the & qyg terms lead to the ~'q'q' contact terms in the action and all a-dependent terms tn the
transformation laws. All ~3 terms in the varied action cancel identically, if one adds the z'q4 terms to
the action. Since Z' and the Noether current are U(1) invariant, it comes as no surprise that the q'
term is only torsion. For the details of the method and manipulations, we refer to Ref. 6. We here on-
ly quote the following identity, which was used to cast part of the terms in Z4"' in the eovariant-deriva-
tive form ($p)

In agreement with a very general power counting
argument' and electromagnetic gauge invariance,
f., only contains fermion fields.

We now comment on our results. The theory is
gravitational (general coordinate and local Lor-
entz) invariant, electromagnetic invariant, and
invariant under local complex supersymmetry,
as well as globally invariant under the infinitesi-
mal chiral transformation

60' =
'Y54()~ 6pp = rt's9'p

As far as matter coupling is eoneerned„ it is
clear that consistency requires that complex su-
pergravity can only be coupled to matter systems
with a complex gobal supexsymmetry. " Such
systems" already exist. For example, the com-
plex globally supersymmetrie Yang-Mills multi-
plet contains the Yang-Mills field A„', a Dirae
spin-~ field ~', and a real scalar and pseudoseal-
ar field 4' and 8', all massless and in the ad-
joint representation of the internal symmetry
group. As far as the superfield approach is con-
cerned, the present theory should be related to a
superspace with complex (Dirac) anticommuting
coordinates.

In this highly gauge-invariant theory, the pho-
ton joins the graviton as part of the gauge multi-
plet of complex local supersymmetry. Real local-
ly supersymmetric Maxwell-Einstein theory' is
one-loop-nonrenormalizable. '4 It has not gone
unnoticed that this theory could be, at least at
the one-loop level, a renormalizable theory uni-
fying gravitation and electromagnetism.

One of us (S.F.) is grateful to Professor C. N.

Yang for the hospitality extended to him at Stony
Brook and to Professor S. Deser and Professor
B, Zumino for early discussion on the possibility
of constructing a coupling between supergravity
and the spin-( —,', 1) multiplet.

Note added. —Recently, the one-loop corrections
in this extended supergravity have been calculat-
ed by M. T. Qrisa, ru, P. va,n Nieuwenhuizen, and

J. A. M. Vermaseren [this issue, Phys. Rev.
Lett. 37, 1662 (1976)j and they are indeed finite.
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