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A formulation of a ghost-free axial gauge is constructed in supergravity. In this paper we concentrate
mainly on the spin-3/2 fermion field, since the discussion on the gravitational field is the same in our
supergravity theory as that given in a previous paper by the present author on Einstein gravity. In our axial
gauge we investigate a general structure of a free propagator, an exact propagator with eight form factors,
two physical polarization vectors, and the physical polarization sum for a spin-3/2 fermion.

I. INTRODUCTION

Supergravity has been expected since its first
construction! to have improvements over quantized
Einstein gravity with regard to renormalizability.?
Indeed, the cancellation of the ultraviolet diver-
gences of S-matrix elements has been found in
this supergravity at one- and two-loop levels. The
structure of quantum supergravity is, however,
very complicated due to the presence of three
kinds of Faddeev-Popov (FP) ghosts. These
ghosts come from the requirement of invariance
of the supergravity Lagrangian under the Becchi-
Rouet-Stora (BRS) transformation® which is the
quantum counterpart of the general coordinate,
local Lorentz, and local supersymmetry trans-
formations.

Recently a formulation on an axial gauge condi-
tion was constructed in Einstein gravity.? In that
condition it was shown that gravitational fields
decouple from the FP ghosts. In this derivation
an essential point is that a propagator of the FP
ghost is proportional to (& *n)™, where &, is a
momentum, 7, is a constant vector (x*#0), and
m is a positive integer, in the gauge condition
given by

n,h"’ = an arbitrary function,

where #"Y is a gravitational field. In this paper,
we construct a formulation of such a gauge condi-
tion in supergravity, adopting the Lagrangian
with the minimal set of auxiliary fields which are
necessary to close the supergravity algebra.®®
This paper is organized as follows. In Sec. II,
we shall construct a ghost-free axial gauge in
quantum supergravity following the paper of the
present author on the quantum Einstein gravity.*
We also discuss in this section the decoupling of
the FP ghosts from gravitons and spin-3 fermions.
For a gravitational field, the formulas of free and
exact propagators, polarization vectors, and the
physical polarization tensor are also the same in
our supergravity theory as those previously given
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by us in Einstein gravity.* This is due to the fact
that the gauge condition and the Ward-Takahashi
(WT) identity of a two-point vertex function for a
gravitational field are chosen the same as those in
Einstein gravity. Section III is devoted to deriving
three kinds of the Ward-Takahashi identities which
correspond to three kinds of invariances of the
supergravity Lagrangian under the general coordi-
nate, local Lorentz, and local supersymmetry
transformations. It is easily proved by using the
Ward-Takahashi identity that the radiative correc-
tions to a two-point vertex function for a spin-3
fermion are transverse. Then, it is shown that
there are eight independent transverse tensors.

In calculation of the exact propagator for a spin-3
fermion these tensors should be added to the free
kinetic terms. Therefore, we must introduce
eight unknown form factors which are in principle
calculable by perturbation. Corresponding to these
tensors (K,),,, it is shown that there are also
eight tensors (L;),, which vanish when contracted
with a constant vector n,. The exact propagator
for a spin-2 fermion is proved to be the sum of
two terms: The first term consists of eight ten-
sors of the latter type (L,),, with coefficients de-
pending on eight form factors and the second term
has a dependence on the gauge parameter. Finally
we shall calculate the explicit forms of two physi-
cal polarization vectors and the physical polariza-
tion tensor for a spin- fermion. In Sec. IV, we
shall summarize and discuss our results.

II. GHOST-FREE AXIAL GAUGE

The Lagrangian for supergravity with a minimal
set of auxiliary fields® is given by

1 j —
Lgg =3 eR(e, w(e, )~ TR, (w(e, ¥)
~3eM? - 3eN? + 3eg, L“L", (2.1)

where M, N, and L* are auxiliary fields necessary
to close the supersymmetry algebra® and’
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wﬂdb(e’ lp) = wuab(e) +_}1—iKz($uYa¢b+ %7’“% - iu'}’bd)a) ’

D,=98,+tw,,,0% iR, %, =[D, D1, (2.2)
R=¢*e, 'R, ", R*=—ic"""yy,Di,.

The gauge -fixing term Ly, which enables gravitons
and spin-3 fermions to decouple from the FP
ghosts is easily found:

LGF: - Zl-’-z (5:@“" + 6:@““— 27]"”)(";,1’.; +nvbu-)

a
+_nuvbu~bv _%T’uvnuav (’naleb)t - nbxeux)bab

2

+-gbabb“”—n“”5nu¢,+%§5b, (2.3)

where &, B8, and y are constants and b,, b,,, and
b are Lagrange multiplier fields. The FP ghost
term associated with the gauge-fixing term is
given by

i
Lgp= —4—K(n,,c*,+n,,c*#) [5:5(6”)4' 5:5(64“)]

-3 cabn 7,9, [1,0(e;") = n,,0(e.})]
+n*c,n,0®,), (2.4)

where 6(F) means the BRS transformation of the
field F. The BRS transformation which makes
invariant the sum of Ls and Ly as well as Ly
itself is given by®

B(em) = et |~ c* e+ c%e™ - kg* T, e,
8@,) =y 5+, 8 +3€,,0%0,+ 2ik7 D, C
+75@uy — 3485y Y")L7C
—%ie,,v* (M —iv,N)c,
6(M)=c*"M , + se ' R¥e,,v%c + 3ikl L v,c
+ 3K ey (M +iyN)c,
B(N)=c'N,, -
+ 3k, e}y (~=iy;M +N)c,
d(L*)=cL*

zie ' R¥, v v c + sk L c

a= LY = Fie R (04 - Fe,,e, v Y )vse
+ kL e *y%c + 1k, ey, Léc
+5Kk9,8% iy ;M +N)c
+%iKe-1€wW$ogvxLl7’57aeu C, (2.5)
8(c,)=b, S(c)=it*®, blcy,)=ib,,
6(c)=cc y +30,,¢*c + 3k CY e ¢,
8(Cap) = CCapyn + CaCo+ i'c—yccec"w‘,mb
+ 3iKCY e qpog@h L + 2iKC (M — iy N)o e
8(c*)=crc", —icvte,
5(6)=6(b%) = 6(b,)=0.

Using Eq. (2.4), one can transform any field & into
® +€)10(P) where € is a real parameter and X is an
operator anticommuting with fermionic fields. In
the above discussion the FP ghosts c,,, ¢, c*,
and c,, are Hermitian operators subject to Fermi
statistics, while ¢ and ¢, are Bose-Majorana
fields. It is possible that one can simplify the
formalism very much and rewrite Eq. (2.5) in
simpler form by working without the Lagrange
multipliers,® although the BRS algebra no longer
closes.

Now let us calculate the propagators of the FP
ghosts in order to confirm that each term of the
propagators is proportional to (% *#)™™ which en-
sures the decoupling of the FP ghosts from gravi-
tons and spin-% fermions. In what follows we take
the gravitational field »** defined by

L S e (2.6)

and understand that the field tensor indices p, v

., are freely raised and lowered by the Minkow-
ski metric 1,,. Using the definition (2.6) in Eq.
(2.3), we obtain the free propagators of the FP
ghosts

Cxu C*ab C*
2ik k,n
[k - 0
& n) [nuv 2% n)] 0 Cy

—K
_(7;._;1—) (nbvka - T’avkb) (k )nacnbd 0 Ced -
iK
2(% " n)

0 0 c

(2.7)

One can apparently see that each term of each
propagator is proportional to (2 *n)™. Therefore,
following the discussion given in the previous
paper,* we have proved the decoupling of the FP
ghosts from gravitons and spin-3 fermions.

III. PHYSICALLY IMPORTANT QUANTITIES FOR A SPIN-3
FERMION
A. Ward-Takahashi identities

Corresponding to three kinds of the invariances
of the Lagrangian Ly;, there exist three kinds of
the Ward-Takahashi identities. The generating
functional of the complete Green’s function is de-
fined by a path integral:

20,K)= [ [ lla, JlamllanlaL]

X exp[i f d*X(Lgg + Lip +J, 6™

+JI*Y, +KM +K N +K“L“):] ,
(3.1)
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where

1
Lgp=- Bar® Ny (B4 + BY e — 2n1Y)

X (65€™ + 6%eb - 21°°)
1 Cpbd[puv,, o ¥ x)]
—@ﬂa " [0**n,8, M8y = e,
K -
X [lenp aa ("7,;1 edl - 77¢x ecx )] - '2—,), T]“"’nponul,bvnpd)v ’

(3.2)

and Lg; is given by Eq. (2.1). The term L{g is ob-
tained from Ly given by Eq. (2.3) by functionally
integrating over the Lagrange multiplier fields b,,
b,5» and b. The generating functional of the con-
nected Green’s functions is given in terms of
ZJ,K) by

WJ,K)=—-iInZ(J,K).

Finally, we introducé the generating functional of
the. one-particle irreducible Green’s functions de-
fined by the Legendre transform of W(J,K):

I‘(e,zp,M,N,L):W(J,K)—fd“x(J”e"“+<7"zbu +KM
+K,N+K, L"),

(3.3)

J

#*=0w/oJd,,

Y,==-0W/0J*, P,=06W/6J*,

M=06W/8K , - (3.4)
N=06W/0Ks,

L*=6W/0K,,

J,,==0T/0e",

J*=-6T/8y,, J*=06T/63,,

K=-0T/8M, . (3.5)
K,=-0T/0N,

K,=-8T/6L"

where we have not discriminated the notational
difference between quantum and classical fields.
We adopt here and hereafter that 5/0F is the right
derivative when F’s are Majorana fields, ¥,, 9,,
J* and J* '

Now in the following let us write three kinds of
Ward-Takahashi (WT) identities.

(i) General coordinate transformation (GCT).
The Lagrangian Lg; has the following invariance
under GCT:

bg(e®) = (e, — &89, ),

O (@u) = W, +$,0,)Q",

6c(M)=M , @, (3.6)
do(N)=N @,

6g(L*)=(L" , - L¥8/'8,)Q",

where € is a gauge function. Defining®

=T+ f d“x{——l—— T, Mg (02 6% + O e2* — 21»¥)(05e% + 57 — 21P°)

8axk?

1 v K 9, )
+ E‘B‘ Tf'cTIM[TI" nuav (naxeb\"' 77»1 ea)t)]["7‘",7'1«p8v(77::)&ed)L - Tldx ecX )] + —2‘;77“"77” nuwvnnwa }’ (3' 7)

we can write down the WT identity

5T «, OF -
W(e"u'ﬁ e“"ﬁ: av) +_'W' ((llu.p - (bpau)
[’
or 5T T -
+'WM"’+GTI\;N.»+EL£E (L*,,+L"6;8,)=0. (3.8)

In the above Eq. (3.8) I" yields the Ward-Takahashi
identities for the diagram with loops, since it has
subtracted the tree graphs.

(ii) Local Loventz transformation (LLT). The
Lagrangian Ly; has the following invariance under
LLT:

5[,(9,“) = eb® eb >
0, (%) =30""u s, (3.9)
5, (M)=8,(N)=56,(L*)=0,

where &,, is a gauge function. Defining®

~ 1
=T+ f d4x¥3—{;nac'qw[‘n“V’"u‘r)v(naxe»7L - ne)]

X [1°°1,8,(Naes =ne)], (3.10)
we can write the WT identity as
o1 ,, Of

FoF O g 10 0. (3.11)
a »
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(iii) Sup evsymmetry tvansformation (SST). The
Lagrangian Ly, has the following invariance under
SST:

bs(e"™) = ~kg" 0,/ Q,
Bs (W) = [20k7'D y+745(g,, — 5,485,y ¥")L”
~3ie,, v M —iv,N)I®,
0s(M)=[Le 'R, ,v" +Lixy, L'y,
+1ud ey (M +ivN) I,
85(N)=[-Lie'R*e,, vy, +% k¥, L
+1kd ey (—ivsM +N)Q,
b5 (L") =[-3ie'R" (6" = Se,, e,y V" )Vs
+ kL e,y + 3k, ey, L*
+160,8% iy M +N)

+1?iKe-1€ uvnuavgm[)ys.ya eﬂq]Q ’

(3.12)

where © is a gauge function and a Majorana spinor.
In terms of T defined by Eq. (3.7), the following
equation holds:

> fd‘*x%as(q)i):o,

where the summation runs over all fields, e**, ¥,,
M, N, and L". The WT identity is obtained from
Eq. (3.13) when one performs integration by parts
and regards  as an arbitrary function.

Using the WT identities equations (3.8) and (3.13),
one can easily obtain the following important re-
sults: :

8,(6°T/0h,,,0h,,)] =0, (3.14)
8,(6°T/89,89,)],=0, (3.15)

where subscript 0 denotes that all external fields
should vanish. The equations (3.14) and (3.15)
mean that the radiative corrections to the kinetic
terms of a graviton and a spin-3 fermion are
transverse with respect to the momentum. One
more thing to be noticed is that from Egs. (2.3)
and (3.14) a graviton has the same gauge-fixing
term and the same WT identity for a two-point
vertex function as those in Ref. 4 and hence a
graviton has the same physical properties as those
shown in Ref. 4.

(3.13)

B. Free spin-3 fermion propagator

In order to evaluate the free spin-2 fermion pro-
pagator, we must find rank-two tensors made of
kys 1y, Y4, and 71,,. The kinetic term and the
propagator of a spin-3 fermion are composed of
these tensors. These tensors S,, are, however,
constrained to be

S, () =C"S, (~F)C, (3.16)

where C is a charge conjugation matrix C“yaC
=-%,f. This constraint is due to the fact that ¢,
is a Majorana field:

1/)“: C@,.)' ’
FT(O|T(®,3,)| 0) (%)t = C*FT(0| T (%,9,)| 0) (~)C .
(3.17)

There are fourteen independent such tensors
listed in Table I. We also list in Tables II and III
such tensors (K,),, and (L;),, that are made of
tensors (S;),, listed in Table I and which satisfy'®

K Dy = K )u? =0 (i=1-8), (3.18)
RML )y = (L), R =0 (i=1-8), (3.19)

respectively. The tensors (L,),, are obtained from
(K ;),, except for a constant number by exchanging
k, and n, with each other in (X;),,. By using these
tensors (K;),, and (L;),,, the kinetic term and the
propagator of a spin-3 fermion may be made into
simple forms. In terms of these tensors, the
kinetic term of a spin-% fermion in the momentum

TABLE 1. Fourteen independent tensors which satisfy
(SR = CT(S)y~RIC.

Sy n“yle'
(k-
Sz npv—'Tznl’{
1 .
S; 7 kukok
1
Sy &on kykyt
1
Sy —nz—nun,,lé
k'n
Sg (nh)? nynydh
1
S m(kun,ﬁ kyn ¥
1 . 4
Sg 7 (eumyt Rymy)
Sy kyYutRyYy
Sto _(_kn.TnL(np'YU+"v'yu)
Sil Ypmv
(k*
Si2 __;L_zﬁ)_')'“?{')'y
1
Sis W(kylévuzl +Rydyy K)
1
S 7(nu1{7ul€+nuléyyn')
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TABLE II. Eight independent tensors which satisfy
n*(Ky),p=0. Here, a=k'n/(k n)’.

K1 51+aS3"S7

K2 d33+254—5“"313

K3 S1— S5

Ky 385+ Sg— Sg— Syt Sy1— Sy
Ks Sp+ 84— Sg

K Sg— S5+ S10— Sq2

Ky Sp—Sg

Kg 283 — Sg—'Sg+ Syg

space is written as

%A =-%[ T’uv’é'}'(ku‘yv"'kv'yu ')’u,k('}’,, yn n]
K
:%.(_L1+L2)u"—5n“nv. (3.20)

The free spin-3 fermion propagator iG,, is de-
fined by

Aquvp:T/up- (3.21)

This is readily solved in terms of the tensors
(K ;),, tobe
1 y  B®
B2 2
k°G,, (K TS )w AT (3.22)

where N is the space-time dimension. Let us dis-
cuss the reason why G,, can be written only in

terms of (K;),, in the case of y=0. In this case the

gauge condition is given by
n*Y,=0,
and hence

n*iG,,=n*FT| T @,¥,)|0)=0. (3.23)

C. Exact spin-4 fermion propagator

As shown in Sec. III A, the radiative corrections
to a two-point vertex function are transverse with
respect to the momentum %,. Hence, the exact

‘kinetic term £ A ,, has a form

- 8
A,,- (-L1+L2+ 3 A‘.L,.) ~Lnm,  (3.24)
ry

i=1

TABLE III. Eight independent tensors which satisfy
EH (Izi)“y =0.

Ll Sl+a6‘5—S7

Ly aSs— Sy +Sy— Sy

L S¢— Sy

Ly 384+ S1—Sy—aSy+taSp— Sy
L5 Sz+ass—33

Lg 2S5+aSg— S — Sy

L-( 052—

Lg 2a55—37+59—a510

where the coefficients A;’s are in principle cal-
culable by perturbation. The exact spin-3 fermion
propagator iG,, is defined by

l_\quvo:nup' (3.25)

By noting the fact that v is not affected by renor-
malization, the exact propagator can be written as

¥Go,= z_;A,.(Ki)“, Lok, (3.26)
We do not evaluate all the coefficients A, explicitly
because of their complexity. We will, however,
give the explicit expressions for some of them,
since they are necessary to calculate the physical
polarization vectors.

D. Physical polarization vectors

There are eight polarization vectors for a spin-
% fermion, two of which are physical. Polariza-
tion vectors are defined as the eigenvectors of the
exact propagator

iGhvsv:Beuy (3.27)

where B is the eigenvalue of €,. Two physical
polarization vectors must express states of spin
2 and helicities +5 and be defined by

ke ,=n"€,=y"€,=0, €,'e*==E. (3.28)
where E is the energy. Introducing two indepen-
dent vectors [/, and m, which satisfy

Brl=n‘l=k'm=n-m=l-m=0, ’=m?=-1,

(3.29)

we obtain the physical polarization vectors as
1/2

E
65:—2-(l“iimu)u*, (3.30)
where massless spinors u#* must satisfy

@+ ihur=0, (3.31)

respectively, with normalization (*)'y*=2. When
one takes n*< (0,0,0, 1) and in one Lorentz frame
k*=(E,0,0,E), then one can take

*=(0,1,0,0), m“=(0,0,1,0), (3.32)
and therefore
w=(1,0,1,0), u-=(0,1,0,-1). (3.33)

These solutions mean that #* have + 1 helicities
and [, +im, have 1 helicities, respectively. The
eigenvalues for two physical polarization vectors
€}, are the same and are given by

—iB= (A, + A+ (A, +A,) (kn;");é (3.34)

with
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A1+A3=_-_l+17\1+_1\5{(_1+ A+ AP+ (1/a)(Ag+ad)[2(=1+ A+ Ag)+ (Ag+ad )],

A+al,

At A= TR A,

(Al +A3)’ a= kznz/(k ‘n) »

where A;’s are the coefficients in Eq. (3.26). In
order for €% to be physical, it is necessary that
Boc¥/k? only near the mass shell (¢2=0). The
first term in Eq. (3.34) really satisfies this condi-
tion but the second does not. Therefore, the se-
cond term must vanish on the mass shell (¢*>=0),
or

Ag+al, o (B2)?, (3.36)

which is easily derived when one observes Eq.
(3.35). We cannot prove this by using a general
method. Here, we only conjecture that this is
true.

J

1
20@-1)N-2)N-3)

1
2@-1DWN-2)N-3)

T“v

Note that the difference between %2?G,, and 2T,
vanishes when 2, is on the mass shell and N =4.

IV. SUMMARY AND CONCLUDING REMARKS

We have proposed a ghost-free axial gauge in
supergravity in which gravitons and spin-3 fer-
mions decouple from three kinds of the FP ghosts.
In that gauge we have studied some physically
important quantities for a sp‘m-% fermion such as
free and exact propagators, two physical polariza-
tion vectors, and the physical polarization tensor.

Although the supersymmetric Lagrangian Lgg
itself has a simple form, the whole Lagrangian
density including the gauge-fixing and the FP ghost
terms is very complicated. This is because of
the complicated structure of the supersymmetry
transformation and the corresponding BRS trans-
formation. In a ghost-free axial gauge, however,
the FP ghosts disappear from the Lagrangian.
Therefore, a general structure of the theory in
this gauge must be more easily seen than in a

[N-=2-a)L,+(@a=1)L,—a(N=-3)L,~L,+aLl;—aLy,~L,],,.

(3.35)

E. Physical polarization tensor
The physical polarization tensor is defined by

Tuv=.2 €9)€9)’ (3.37)

A=t

which satisfies

T,,R)=C"T,,(-E)C, (3.38a)
kT, =n"T,,=v*T,,=0, (3.38b)
Th=-L§. ) (3.38c)

In terms of the tensors K;),, and (L;),, listed in
Tables II and III, we can easily find T, satisfying
Egs. (3.38):

[N =-2)K,-K,-a(N -2)K, - aK,],,

(3.39)

I
usual gauge in quantum supergravity. We must,
however, also remark that the spin-$ and spin-2
propagators are much more complicated to cal-
culate with than in the more conventional gauges.

The important problems that remain to be solved
are the following: unitarity of an S matrix in this
gauge without the FP ghosts'!, gauge (r,) inde-
pendence of an S matrix'?, and (£%)* dependence of
the coefficients A +aA, (see Sec. IIIC). Though
we have not succeeded in solving the last problem,
it may be checked at least in a one-loop calcula-
tion.

ACKNOWLEDGMENTS

The author would like to thank Professor H.
Sugawara and other members of the Theoretical
Division of the KEK National Laboratory for High
Energy Physics, Japan, for their warm hospitality.
He also thanks Dr. A. Sugamota for reading the
manuscript.

*On leave of absence from Department of Physics, Tok-
yo Institute of Technology, Meguro-ku, Tokyo, Japan
152, Japan.

p. z. Freedman, P. van Nieuwenhuizen, and S. Fer-
rara, Phys. Rev. D 13, 3214 (1976); S. Deser and

B. Zumino, Phys. Lett. 62B, 335 (1976).

’M. T. Grisaru, J. A. M. Vermaseren, and P. van Nieu-
wenhuizen, Phys. Rev. Lett. 37, 1662 (1976); M. T.
Grisaru, Phys. Lett. 66B, 75—(1977); S. Deser, J. Kay,
and K. Stelle, Phys. Rev. Lett. 38, 527 (1977); D. Z.



21 GHOST-FREE AXIAL GAUGE IN SUPERGRAVITY 905

Freedman, in Proceedings of the XIX International
Confervence on High Enevrgy Physics, Tokyo, 1978,
edited by S. Homma, M. Kawaguchi and H, Miya-
zawa (Phys. Soc. of Japan, Tokyo, 1979), p. 535.

3C. Becchi, A. Rouet, and R. Stora, Ann. Phys. (N.Y.)
98, 287 (1976).

4T, Matsuki, Phys. Rev. D 19, 2879 (1979); See also,
M. Kaku, Nucl. Phys. B91, 99 (1975); J. Scherk and
J. H. Schwarz, Calif. Inst. Technol. Report No. CALT-
68-479 (unpublished).

K. S. Stelle and P. C. West, Phys. Lett. 74B, 330
(1978); Nucl. Phys. B140, 285 (1978); S. Ferrara and
P. van Nieuwenhuizen, Phys. Lett. 74B, 333 (1978);
E. S. Fradkin and M. A. Vasiliev, Lett. Nuovo Cimento
22, 651 (1978); 25, 79 (1979).

GITBreitenlohner-,—Phys. Lett. 67B, 49 (1977); Nucl.
Phys. B124, 500 (1977). -

In this paper, we use the convention {y?, y%}= 2n%®,
o®=3ilv%,v%], vs= v v vy, €MB= _eyy=1,

N = diagl , —, —, —), and k%= 167G with the Newton-
ian gravitational constant G.

8p. K. Townsend and P. van Nieuwenhuizen, Phys. Rev.
D 17, 1501 (1978).

9By_tfe definition of a graviton in Eq. (2.6), only the anti-
symmetric part of 4, contributes to the gauge-fixing
term for the local Lorentz invariance, but this anti-
symmetric part of #,, has no kinetic term in the La-
grangian. Namely, this does not propagate. Hence,
we can neglect this part.

10These tensors may be obtained by making appropriate

products of ¥ and # with the following tensors:

1 - 1

Auy™= nuv_zz Yukulé' Uy™ nuv“_kfzkl‘yu ky,
1 ~ 1

buy= nuv—;fyu”xl{' buu:nuv'—;ﬁ{'yu”w

1 1
Guy= Myy— mkunv’ Cuv™ nuu‘?”unw

1
Juv= nuv"_gz' kyky,

which satisfy
Rhay,= a,, v’ = k" Gy, =ntb =D,y = n* Zu,,,
=n"d,,= d, k= n"e,,= k*f, = 0.

For instance,
1 3 o o oy "2
2 (A, Y e YOt Ay VOd,, ¥°) = K

11 a conventional gauge unitarity of supergravity has
been proven by E. Fradkin and M. Vasiliev, Phys.
Lett. 72B, 70 (1977); G. Sterman, P. K. Townsend,
and P. van Nieuwenhuizen, Phys. Rev. D 17, 1501
(1977); H. Hata and T. Kugo, Nucl. Phys. B158, 357
(1979).

12Gauge parameter independence (gauge invariance in
its usual meaning) was proved by E. Fradkin and
M. Vasiliev, Phys. Lett. 72B, 70 (1977); R. Kallosh
Lebedev Report No. 25 (unpublished).



