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These notes is aimed at comparing two different approaches to theory of gravity with a fermionic gauge field, which
possesses the invariance under special transformations called supersymmetry. One of these approaches is the approach
by Ferrara-Freedman-Nieuwenhuizen-Deser-Zumino (FFNDZ) of 1976; the other one is that of Volkov-Soroka (VS)
of 1974. The analysis is based on the standard concept of realizing Supergravity as a gauge theory for the super-
Poincare group. We deliberately sacrifice the rigor of the proposed consideration in compare to the pioneering papers
on D=4 N=1 Supergravity to make our presentation simple as much as possible. In effect we emphasize the differences
between the above mentioned approaches. We keep out of making rigorous conclusions throughout the paper, and
suggest the reader to get the own answer to the question posed in the title.
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FOREWORD

This paper is based on the authors’ talk at the Spe-
cial Research Scientific Council of Kharkov Institute
of Physics and Technology in July of 2005 to Com-
memorate the 80th Anniversary of Academician D.V.
Volkov. My notes would never have appeared in print
if it were not an accident this summer. Suddenly and
very unexpectedly for us Vyacheslav Aleksandrovich
Soroka passed away. He was a great man, good friend
and colleague. Involved in many activities, related
to studies of various aspects of modern theoretical
physics, he took an active and direct part in stud-
ies of supersymmetric models, which was resulted,
in particular, in the Supergravity invention. That is
why I took the liberty to publish these notes, which,
I hope, will be useful in dating the Supergravity age.

1. INTRODUCTION

There is a conventional wisdom that the foundation of
Supergravity, or more precisely the simple N=1 D=4
Supergravity, took place in 1976 and began with two
seminal papers by Ferrara-Freedman-Nieuwenhuizen
[6] and by Deser-Zumino [7] (FFNDZ). This point of
view is widespread [1], [2] and without no doubt is
true. However, the history of Science learns us that
every significant innovation has its own, perhaps dra-
matic, pre-history, when a little gap in insight does
not allow predecessors to make a final step towards
a new discovery. The history of Science also learns
us that sometimes a discovery of one person is er-
roneously ascribed to another one as it happened for
instance with the Kamerlingh Onnes superconductiv-
ity, which was in fact observed by Gilles Holst [3]. It
is not the unique example of course, so in the light of
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the above it is natural to ask could it be something
like that with the Supergravity invention?

The latter question gains a new insight once I re-
call that in the Former Soviet Union the Supergrav-
ity foundation is ascribed to D.V. Volkov and V.A.
Soroka in view of [4], [5]. T make the special accent on
the dates of these papers: 1973 and 1974. Hence, if
the results of these two papers by Volkov-Soroka (VS)
are correct, one should at least get a little doubt on
the real date of the Supergravity foundation.

To figure out the (in)correctness of the VS ap-
proach we have to trace the way of reasoning by VS
and that of FFNDZ back and to compare the for-
mulations to each other. I should emphasize that
such a comparison of two formulations (more pre-
cisely, VS to FFNDZ) has been done, see e.g. [8],
[9, 10], [11]. However, it is not so easy to realize the
arguments of these papers since they appeal to the
clear understanding the VS construction. Roots of
misunderstanding are mainly twofold: The VS con-
struction is based on the non-linear realization of the
super-Poincare group with its subsequent gauging,
the approach which is not so common, popular and
well-known for the present days audience (see how-
ever [12]); and the notation in [8]-[10], borrowed in
part from the original papers [4, 5], is either far from
the modern notation accepted in Supergravity, or de-
notes different objects. Therefore, to make things
clear we have to reformulate old results in a modern
and commonly accepted fashion.

I would not stick to any “preferred” point of view
in the analysis below. Rather I suggest the reader
to be a referee and to get the own answer to the
question posed in the title.
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2. SUPERGRAVITY - WHAT’S THIS?

To realize the announced program let us get started
with recalling what Supergravity is? I will refer to the
standard definition of Supergravity (cf. e.g. [2]): Su-
pergravity is a theory of gauge fields, which is invari-
ant under the local (i.e. with space-time dependent
parameters) supersymmetry. Any theory of Super-
gravity contains a spin 2 gauge field or graviton, —
this field is responsible for the gravitational interac-
tion, — together with its spin 3/2 super(symmetric)
partner, the so-called gravitino. Supergravity may
also include scalars, vector and antisymmetric ten-
sor gauge fields of spin zero and one, together with
their superpartners with spin 1/2. A field content of
Supergravities is strongly dependent on the number
of space-time dimensions, features of the considered
theory (simple, i.e. with N = 1 local supersymmetry,
or extended, i.e. with N > 1, Supergravity), gauged
or un-gauged Supergravity and so on. However, in
all cases the field content should be supersymmetric,
that means it has to provide the precise balance of the
bosonic and fermionic degrees of freedom, at least on
the mass-shell. The off-shell matching the bosonic
and fermionic degrees of freedom is also desired, but
not necessary.

There are many ways to Supergravity construct-
ing. A general, but not always simple, method of the
construction of Supergravity is based on the corre-
sponding superalgebra gauging (see [13] for details).
In general, the superalgebra possesses a complicated
structure, but it always includes the super-Poincare
algebra as a subalgebra. To reach conclusions on VS
vs. FFNDZ model, no need to deal with a compli-
cated superalgebra. It is enough to gauge the N=1
D=4 super-Poincare algebra to this end.

3. GAUGING THE SIMPLE
SUPER-POINCARE ALGEBRA

We follow the way of N=1 D=4 Supergravity con-
structing in the spirit of the Yang-Mills theory, as it
was done (but in more complicated manner) in [4, 5],
and was recently discussed in [14]. The starting point
is the N=1 D=4 super-Poincare algebra
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The next step is to construct the Yang-Mills-type
connections

1
A =A%, =e"P, + iw“”Jab +QV, (2)

and their field strengths (curvatures)
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Using the superalgebra (1) it is easy to verify that
the local transformations of the connections
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which transform curvatures in the covariant way
OF ~ [F, A}, (5)

can be split on

i) translations
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ii) local Lorentz transformations
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iii) local supersymmetry transformations

1
dsusy e* = 557%1’7 Ssusy w =0,

6SUSY U = De”.

(8)

Clearly, the Poincare superalgebra gauging nat-
urally leads to dgusyw® = 0. The same transfor-
mation property of the connection follows from the
VS papers [4, 5]. However, this result contradicts the
FFNDZ supergravity construction [6], [7], that can be
treated as a manifestation of the difference between
the Yang-Mills and gravitational theories, and calls
into question (see for instance [14]) the correctness of
the VS approach.

One could stop here, since it seems to be unrea-
sonable to proceed further after observing such a dis-
crepancy. But this is not the end of the game. We
have to turn to the corresponding actions, having in
mind what we have figured out above.

4. FFNDZ VS. VS: ACTIONS ANALYSIS

Now consider the action of D=4 N=1 supergravity,
proposed in [6, 7]

SFFNDZ = / €apede®e® R + 4Ury5ey, DV, (9)
M4

This action is not invariant under translations (6)
without the additional requirement
1-
T% = de® + w e’ — 5\117‘1\11 =0. (10)

In effect



1) the connection is not an independent variable
anymore
(11)

2) transformations of the connection are different
from that of followed from the algebraic consid-
eration; in particular

w® = W (e, ¥);

Ssusy w™ # 0; (12)

3) the relative coefficient between two terms of the
action (9) is completely fixed by the require-
ment of the action invariance under the local
supersymmetry transformations;

4) the algebra of the gauge transformations is
closed off-shell only by use of auxiliary fields;

5) the structure constants of the gauge transfor-
mations algebra become the structure functions
of fields. That leads to additional drawbacks
upon the quantization of the model.

Now let us turn to the corresponding part of the
Volkov-Soroka action [4, 5]

Sys = / areapca E*EP R + dagtpys E*vo DY
M4

(13)

with arbitrary coefficients oy, ap. Aside from usual

vielbeins e?, (13) involves additional ‘coordinates’ £*

entering the ‘generalized vielbeins’
1- 1~

EY =¢e* + DE* — 5\117“9 — ZDH’y“G, (14)

together with Goldstone-type fermionic coordinates
0<, entering the combination

Y& = U + DO, (15)

That is why the Volkov-Soroka action is invariant un-

der translations (6) and the invariance is guaranteed
by the following transformations

a __ a __ a
6translation EY=0 <~ §translation € = DP )

6translation fa = _pa’ 6translation 0“=0 (16)

The VS action is manifestly invariant under the local
SUSY transformations (8) as well, that is provided
by
dsusy B =0, dsusy ¥ =0,
1
5SUSY fa = 157“0, 5SUSY 0% = —e”. (17)
As the result:

a) the connection and the vielbein are independent
variables;

b) the local supersymmetry transformations of the
connection are not different from that of coming
from the superalgebra gauging, i.e.

Ssusy w = 0;

¢) the gauge transformation algebra is closed off-
shell and without introducing auxiliary fields;

d) the relative coefficients between different terms
of the action are not fixed since the action is
constructed out the manifestly invariant un-
der the local supersymmetry transformations
forms;

e) the transformation property of the ‘coordinates’
&% 0% is the same as the transformation of the
Goldstone fields, and they have no impact on
physics described by the model;

f) upon eliminating the Goldstone fields, (13) is
reduced to (9). Then, arbitrary coefficients of
(13) are fixed by the requirement of the local su-
persymmetry of the action and dsygy w® # 0
is required.

Before turning to final remarks, let me make an
additional comment on the structure of the VS ac-
tion (13). At a first sight it seems non plausible
and unnatural that the local supersymmetry does
not uniquely fix the relative coeflicient between two
manifestly invariant under the local supersymmetry
transformations terms of the action. However, the
requirement of local supersymmetry is not always
enough to fix all the parameters entering the Super-
gravity action. As a counter-example I recall that the
supergravity-scalar fields coupling requires introduc-
ing a real function of scalar fields, the precise form
of which is not uniquely fixed by the supersymmetry
invariance arguments (cf. e.g. [15]).

5. FINAL REMARKS

To summarize, we have compared two different ap-
proaches to Supergravity by Volkov-Soroka and by
Ferrara-Freedman-Nieuwenhuizen-Deser-Zumino. I
have emphasized the differences in these approaches,
and have established the source of the differences.
As I have mentioned at the beginning of the paper,
I would not stick to any “preferred” point of view,
suggesting the reader to make own conclusions on the
main question of the paper. Let me finally note that
the Goldstone-type variables £% entering (14), which
were appeared in [4, 5], are called now the Poincare
coordinates, and the N=1 D=4 Supergravity formu-
lation, which is invariant under the Poincare group
translations, is presently known (notably due to the
authors of [16]) as the Grignani-Nardelli-Stelle-West
formulation [17, 16].
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HACKOJIBKO CYIIEPTPABUTAIINA CTAPA: TPUALATD II4TH JIET NJIN
BOJIBIITE?

A.IO. Hypmazambemos

[lenbro MaHHBIX 3aMETOK SIBJISIETCS CPABHEHUE JIBYX PA3JUYHBIX MOIXO/IOB K TEOPUH IPABUTAINU C (DEPMUOHHBIM Ka-
JIMOPOBOYHBIM TIOJIEM, ODJIAIAIONIEH NHBAPUAHTHOCTHIO OTHOCUTEIBLHO CIENHUATBHBIX TPEOOPA30BAHUI, MOy IUBITAX
Ha3Bauue cyrnepcummerpuu. OIHUM U3 ITUX OAXOIOB sABjgercs noiaxon Peppaper, Ppunmana, Hoiosenxoiizena, [le-
3epa u 3ymuno 1976 rona; apyrum siBisiercs moaxon Boskosa u Copokn, npeuioxkenssiii B 1974 roxy. Axanus ocHo-
BBIBAETCSI HA CTAHJAPTHON peasin3aluu CyneprpaBUTAIIMN KaK KaaubpOBOYHOM Teopuu st rpymnbl cynep-llyankape.
CTporocTs pacCMOTPEHUsI, IO CPABHEHUIO C MHOHepCcKuME paboramu mo D=4 N=1 cymeprpaBuraiuu, CO3HATETHLHO
2KEPTBYETCS B MOJIb3y MAKCAMAJBHOTO YIIPOIIEHUS B IIPE/ICTaBJIeHnn MaTepuasia. CIeCTBHEM 9TOTO sIBISETCS 9€TKOe
0003HAYMEHNE PA3THINN MEXKIY ABYMsI CDABHMBAEMBIMH MTOIXO0/IAMU. 3AMETKH He COAEPXKAT HUKAKUX KATErOPUIECKUX
BBIBOJIOB; HAIIPOTUB, YUTATEJIIO MIPEJJIArAeTCs Oy IUTh COOCTBEHHBI OTBET HA BOIPOC, (DUI'YPUDYIOIINI B HA3BAHUI
paboThI.

HACKIJIBKU CYITEPTPABITAIIIA CTAPA: TPUAIIATDH IT’ATH POKIB U
BIJIBIITE?

O.I0. Hypmazambemos

Mertoro 1MX HOTATOK € MOPIBHSHHS JABOX PI3HUX MiAXOMIB 70 Teopil rpasitamil 3 depMioHHMM KaaibOpPOBOYHUM IO-
JieM, IO iHBapiaHTHA OO CIEMiAJILHUX [I€PETBOPEHb, fKi OflepKaju Ha3By cyrnepcumerpil. OaHuM 3 1UX MiaxomiB
¢ ninxin Peppapu, Opinvana, Herosenxoitzena, lesepa i 3ymino 1976 poky; inmumMm e niaxin Boakosa i Copoxn,
3anpornonoBanuii B 1974 pomi. AHaji3 IpyHTYeThCs Ha CTaHIAPTHIN peaJizalil cymeprpasiTamil sik KaJiOpOBOYHOL
Teopil st rpynu cynep-llyankape. Crporicrs po3risiay, B mopiBHsHHI 3 mionepcbkumu poboramu 3 D=4 N=1 cynep-
rpasiTariii, CBiJIOMO YK€PTBYETHCA HAa KOPUCTh MAKCHUMAJBLHOTO CIPOIIEHHS B IOmaHHI MaTepiasry. Hacminkom nporo €
JiTKe BUCBITJIEHHS BIJIMIHHOCTEH MiXK JIBOMa MOPIBHIOBAHUMH ITigxonamu. Horarku He MiCTSTDH HiIKMX KATErOPUIHUX
BUCHOBKIB, HABITAKU, YMTAYEBI IIPOIOHYETHCS OTPUMATH BJIACHY BIJIIOBiIbL Ha HATaHHS, 10 Birypye B Ha3BI pobOTH.



