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1. Introduction 

The act i on for N'=. 1 -supergravi t y is jua t t he volume of 
the superspace/1/ 

$!><> = :~jJ~xd~e Be_tljjE:jj= ;,J~Ux )~& E ( 1 .1 ) 

where 8<V7. is superdeterminsnt of the supervi erbeins E111A , and 
de is the gravitational coupling constant with dimension ... ~ 

In the approach of Wess and Zumino/1 •2/ the supervierbeins 
are fundamental objects (potentials). However, they are not inde
pendent: They are restricted by a number of constraints on the 
torsion tensor/21 . This makes the variation of action (1 .1 ) 
nontrivial/1/. 

In the minimal geometric approach/), 4/ t he supervierbeins as 
well as all other differential- geometry quantiti es are explicit
ly expressed in terms of a single prepotenti al: The axial gravita
tional superfield ]('"<. (X, (}

1 
~) • No constraints have to be imposed, 

they follow from the simple geometric picture underlying the 
theory . Therefore, the equation of motion for the superfield J{~ 
can easily be obtained j ust by varying ~~ in acti on (1 .1) . In 
the present paper this procedure is carried out in deta il . 

In Section 2 the transformation properti es of the variation 
of J{m(and of the equation of motion , correspondingly) are in
vest igated, A new "vierbein" is introduced in order to have a 
variation transforming as a Lorentz vector . 

In Section J the explicit form of the equat ion of motion is 
established , The use of the normal gauge earlier introduced/51 , 

f o;~ -
I "'\;;;~}. 
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simplifies the der)vation considerably . The left- hand aide of the 

equation proves to be i91 component ~.t of the torsion tensor , 

in svreement with Ref . 
In Section 4 the matter coupling is cor~idered . Covariant 

variations of t he matter superfields are introduced and their 
role is explained . The equation of motion in the presence of 

na t ter has tl.e form 

& = Jt~ \ / G< (( 
( 1. 2 ) 

similar to the Einstein equat ion : Gl<. is the analogue of 

RW\YI- I <jwovt R , the supercurrent 
the enerf,y-momentum tens or T VY1 'Yl • 

\1.~ is the analogue of 

In Section 5 the cosmological term in pure supergravity is 
investigated , The obtained equat ion of mot ion ( G« = 0) implies 
that th e torsion component R equals some constant (not neces
ssarily zero , as claimed in Ref ./11 ), This constant playa the 
role of t he cosmological constant . The presence or absence of t he 
cosmological term seems to be related to the behaviour of fi~ 
at l arge ): 

Appendices A and B contain proofs of some statements made 

in tne text . 

2 . Transformat i on Properties of the Supergravity Equation 

of r.:o tion 

ln order to derive the equat ion of motion one has to vary 
action (1 . 1) . Suppos e , thls has been done , the derivatives act ing 
on t he variation tH~ have been removed by integration by 

parts and the result has been presented in the form 

....... 

b .st- ~ f1Jcf\c1 4e £ .SH ... ~ I Y>1rx,e,iJ) • ( 2 . 1 ) 

:!ow a question arises : How does ~ J-{ Yo1 (and correspondingly r m ) 

tranafonn? 
Recall that the 'ravitational superfield 

forms inhomogeneously J/ 

2 

u'WI itself trans-

b Jt 'M ( "1 1 (;- 1 {) = f{ / 'M ( ";( ,(, {) - J( •'< ( ;ll {~ 1 £~ ) = 

11""( ') ,- ... ( -) =-yll ')(L,ti +.zll xR,e- (2 . 2 ) 

-if[//'(:x_L,IJ) + ~ n f il< , e)]{)Yl +A y(-xLJJ) 'Jv +"% y(X{J,t1}2yjJ(~ 

Here A~ /1 f and t heir conj ugates~~ J i are chiral auperfunc
tions- parameters of general coordinate tranaformati or:a ; 

~ "'< 'i.JWI( -
):L=.X T(UL ¥ 1 BJ e) 1 

~ )'1.1\ ~V\'1 -
X R. =X -1 · 3, (:r,lJ

1
f:i). (2 . J) 

The first two terms in Eq . ( 2 . 2) cause the inhomogeneit;y , the rest 
are j ust coordinate translation terms . However, the variation r ({. 'v>\ transforms in a dif ferent way 

..., [ L 'WI 1 r, A-K( ) I" 
o( f 1('"') :: 0 H."'- f rz."l 1\"' (1-tJl) K T i Ql'l ~~ 1-tt 1{ I< -

•f) L y tJ'M (J R -..;, i1 '1 1""'-] 
- t Vn A ~v I! + 1 't'YI /1 P y 1ft t- t . t . 
Here 

'o L -
ro~ = ~x~ 

'0 n R = ---::;t 
I V't1 [):X I{ 

u . .<: .... = ra I< Jt WI ; 

(2 . 4) 

( 2 . 5 ) 

t.t. means trans lati on terms of t he same kind as in Eq . (2 . 2 ), 
The transformat i on law (2 .4 ) is already homogeneous . How

ever , it does not coincide with the transformation law of a Lo
r entz vector as detined in Hef ,/4/, To ach ieve this coincidence - . ....,.u. one has to introduce a new "vi erbein" --u-" and 1 ts inverse v.,. : 

""' 1 - ("" ~d. r - ] i J 'YI( -u z) 'k1 
1fa. = ifFF O"a) Ll1.( 1 ll o'l crt 1 + trt 11 , ( 2 . 6 ) 

C(. 'Yt ~ 'Yt -v')\ol Va :;: 0"\'\.1 I 

C{ ""' ~C{ ()...,... v e = o ~ 
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'l':~e o;>era tors A f'j · we re defined in Hef . 141: < , .( 

II ',· . l 1 V\ ( - l )'I< 'ti (] -j ' ,., () 

L~J( ~ -~·e· r L -~·&-" l 1- 1 It ) )'1 r~~ ::::- O.x r l .1.>( d (;'"" 

- ,, _j__ -11 ~( )" l. "' ' ;::;: - u 1
" '} 

A , -: - --;_ "":' + L r - • fl ·J t I ft -- .::; - U; - I f'o. '.1_ H ( ,.,., 
~~~ te" co¥ w ? ¥ ~ ~ ) 
the quant i t i es F F were introduced there t oo : 

) 

' 1 A I 

F = J. f (,lit /1 zc;IIT ~(cU,li!C'II)~, F = F +-

where 

/\ V" 

7,, 
'- . 

-= r:r. ..( )( ,, L1 J. 11 .... , 
;>( ..( J1 ) 

"' ~ t({ -= 
...._ xx - -1~ V"t 

~{ Ll.;: ./::,.,( r/1 • 

:;ow, as s hown in Appendi x A, the moaif ied variati on 

"' . (; J{ t t ::- u-"',ct f H VI.\ 

transforms according to t he Lorentz l aw/4 / 

"- "-- g (\ (( 
[ { f J({) ::. ~ Jt . 2 :::; r:: € -t- t. t. 

wi Ll; parac;eters 

n Ll- 10( f ~ ("' ):. - ,.;,7 
.)r::'cd = 7i /J (o;l~ ).x Jlj> + .6,.< 0Cd ', j'i A1 J 
·rnen , t he variation ( 2 . 1) can be rewri tten in the fo rm 

( 2 . 7 ) 

(2 . 8 ) 

( 2 .9) 

(2 .10) 

( 2 . 11 ) 

(2 . 12) 

"' I - j_ I '( IV E ,.._ 4 [ S ;;<.r - .:t 1 J tf X { t [l '[' H. f: ' ~ == u;; ~"' . (2. n> 
Fi~ally , from the invariance of act ion (1 . 1) and its va r i at i on 
( 2 . 13) and from the transformation properties of 't;f{ 't (2 .11 ) 
it foll ows tha t the quant ity f<t t r ansforms as a Lo rentz vee tor 
t oo : 

D' r:~. == - 2 Qa. t, It -r t. t. (2 .14 ) 

So , the equat i on of mot ion 

~ :: 0 (2 .1 5) 

obt ained f rom Eq . (2 .1 J) is Lo rentz-covariant. 

4 

Having clarified this i mportant question we can proceed 
further to find the explicit form of the equation of motion . 

J . Variation of the Action, Normal Gauge and the Equation 

of Motion 

In this Section we shall show that the left- hand side 
of Eq . (2 . 15) is in fact a component of the torsion tensor. There 
are two ways for doing this . The straightforward one is to wri te 
down the explicit expression for the density ~ , to vary the 
action and thus to find f:c. i n terms of the derivatives of '/(""" . 
Then , after some algebraic rearranrement one i s able to i dentify 
~ with the express ion for the tors ion component Gct derived 

in Ref . / 6/. 
The other proof is much simpler and elegant . It consists i n 

constructive use of the normal gauge in supergravity/5/ • ) . In 

this gauge a number of the derivatives of 'J{"" vanish at a given 
point 1:

0 
in supers pace . For instance , among the deri vati vee 

wi tb dimension ~ >< , K >--1, only the following ones do not va-

nish : 

~-/~,;, J('''fo 
1 
oY Oy o,,:J(""}o , 'dv ~ v J.,,J('/u 1 CJ; ~)~v ~ ¥ J("' / o . 

0
. 

1 
> 

Now , consider Ia_ at point l 0 in normal gauge . fcJ.. is made of 
derivatives of 1f""', it is a vector , it has dimension CM'\-

1 
(mind 

that in Eq . (2 . 1J) F .S:;Gr and E are dimensionless . [H"']=c.m). 
Therefore , the only possible expressi on for r-a is 

~ lc := K ro"Jv ~y ~y 1(-{ I 0 (J . 2) 

where K is a numerical coefficien• . On the other hand , in nor

mal gauge the torsion component 
rJ. 

&a = - 4- i T« a. (J . J) 

~ The helpfulness of geodesic and normal coordinate frames is 
well known in general relati vity . For example, recall the variati 
onal derivation of the Einstein equation in the nField Theory" 

textbook by Landau and Lifshitz . 

5 



looks like (see Ref . / 6/) 

r { 1 '""='" '"' ;::::; ,:.;; .Y 11 / 
L"T,._ " ::: - 3 u dv o.;, () na. 0 0 .4 > 

So , or:e sees that in normal gauge la. is proportional to G« . 
This conclusion CJUSt be valid ir. any gauge because bot h / (.,(_ and 

Ga. transform covariantly. Thus the proof is completed , Neverthe
less, we are going to give some details of the straightforward 
proof too. This should give the reader an idea of how the quanti 
ties under consideration look like and how such calculations could 
be carried out in more complicated situations (e , g . , in matter coup
lings ) , 

In Ref . / 4/ the fo llowing expression for the density C: was 
found•) 

E = 2 *(,utJtr:IJTi(#-tiJ~~ .... IfTt(kt{1tJi lJ) t (3 . 5 ) 

"' '\ 
( 'l and f were defined in Eqa . (2 . 9 ) , (2 , 7 ) , (2 , 5 )) , Putting 
Eq . (J . 5) into Eq . (1 . 1) and varying the result one eas ily obtains '"""' 'J " I( L- !. "' 1 .... ;C( :!.. ........ .,\<( "<t S$::;&~:x~ d:xciO £ -c 5 (:....("" - { t:?a..c,..., + 

1 A.. 1'\( l)-~ ""') (J . 6 ) 
-t- I ~(/+-ttL).,.. l-r 1{ Yl ~ \ 

"' {( ,, "' 1 Q ii "1 \ "' 
wher e e.,..,_ is the inverse of (a , (,... Lc, "= 0...., and the san.e 

-lq 
for l "»t • 

Prom the definition (2 .7) f ollows 

'?: ( ~:, ... 1-f~) = '[ ( 0.;. 1< M + t' tJQ( dt"vt ~..., 'JC"') -= 

"':::'( Yl) -f1 "< "'--uv-. = o e:.;I.J<. t .n>t +Ll-< r !/L ) 

i . e . , 

f f A(1; 1f''')-:: .1~ ~j{ VI (l-t 1-((~""' (J . 7) 

Analogously 

""'( - ~) T ......_ 1.J VI ( ) - 1 'W, t ~>:..11 -:: C•.:t F H ·l+t f< ')1 

*J Remarkably enough , E = c.Ul//~ ..,.,tfj (see Bqs .(2 .8), (3 . 12)) , 

6 

Further , 

i!rE~tJ,;J{"") -=- l ei(trfjQ(/lV'-\) -t'~(E<Ii...,J~n!J""!C''-= 

r ..... "" "' )( ( . -.1 e ·- -u 'Y1 :: J-<A«&''Jt -t!lO(F:U 1-t1f)x L1..,ne -
() . 8 ) 

. - ""' )( ( J-l e ... 11 -n] ( - 1 '"' -t t:.C<SJ{ HtX k 6otne 1-tH)'YI 

Here the identity/ 4/ 

"M I< ( )-1 '11 
'0'1'1 /). i. 1l = fj II(. (( "vt 1-1 i{ lo:. (3 . 9 ) 

was used , The formula for E (!!.,_A.( }.("") is obtained from Eq,(J,8) 

by conjugation, Finally , 

"-" VI ( l)- 1 '\\.1 ~ -f.J '1'1. ( ({ ) ~ 
f{1+1< 2

)'YV1 1+"H 'Yl = 2~'1\1! 0 ~ 1 ·d(~ '11 = 

_,J,.. -z"'.,""' 
-I '1lJ .. , IJ~ J FJ< Ji~ 

1 . 

-= v.. "'"' FF """ 

-,r c/..~ C(.( ) (!(~ / 4/ Here u"" =- 'ZJ)I.t ()'< , and the identity 

1 t1.r I b ,;- j ~ - t. [ /j i I l ~] }( M fJ Yt-\ • 

(J . 10 ) 

(3 . 11) 

is used , Pinally , putting Eq , (2,9) , Eq.(J .8) and ita conju,ate, 
Eq . (J, 10) into Eq . (J . 6 ) and making use of the identities/4 

" """' 1 ..... ~"'[ - ]11"'!. . )""" - -..2 .,( )-.1 ..... 
.( C( -::- ~ ( 6"4 ) L1ot 1 t1.;,. n (1-ft H .., - F F 714. 1-t If 11 1 

z: = X (~)~« [n«
1 
K:t}/("(1-t'JiJ: = F ~ 1f'a. 'Y1(1 +t'J-()"'~ ~ 

0 . 12 ) 

one finds ~ 

~ S = _ _!_jJ. l(x J ~ e E [A.t .10i i J('' ( 1- 3t'IO .... ., + 
o sr,. '12Je~ 

_ '-' """( , )-l )'. -u.,] -u:_,o~.~ A + 21' t1;/i) H 1+t ({. '"M LID( (!L)( --=- + '11.. c . 
FF 

where h .c. means Hermitian conjugated terms. 

7 
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In order to have this variation in the form (2 . 13) one has 
""' ~ to integrate by parts and thus to take t he derivati vee off F J( • 

For this purpose t he following formula together with its conjuga
te are to be used . 

Jtl \ ,C 0 E ~"'cp. \('~ t- (-1l(<r) cp(JJ;I. Lis. t2t1 ... {-..) F. 'f il( )] :;:: 0 
(3 .14) 

(the proof see in Appendix B ; f> [cp) ia 0 when cp i a bosonic and 
1 when it is fermionic) . After performing this little algebra we 
finally obtain 

[ - I "'-) - Cr \'\ 1)~/- ~J .- ~ -1 \o\ -uvt u -<J' 
<(- U.. ~ [Ll~lJol(r1-3,f()WI F~ Jt-..(t!l~l\1-tt{l)...,. Ll..cifll< F; + 

2 - ( (" . ) 'YI ;(~ {) - ( 1f'.. A;,_) 
+ -:: !:>.t L1.x ll>t F. ·1- 3, H ~ lf'YI - fi!J~~., v.t F . .-1 :t ~ + < > 

FP FF 3 .1 5 

-r ~ !f~ €-..J3 ( !J.< ~l FJ}t (/tc ur: r< tJ.,. Jt; )uv;".i j t- -ft . G. 

!JoY!, recall the expression for G-'.-= {()'')...;~derived in Ref , 
/6/: ~-< <( 

. ( f- -. ' F - . G.(:c =2ft:, w~~r-r'twH ~/>F+-F w"'.:t;..t/"F + 

- (J .16) 

-tlt' fl ~> i ,-;;;._.,it 2F ,r~ AIO(F t != Ll .. ~ F -r ll <( F. S .:t F + : 1.1"' F. ..1-... F" ), 

where W.._j;f. , C::t/'f are the spinor connectiona/4/. It coats 
certain algebraic efforts to show directly that Eq . (3 . 15 ) ia the 
same as Eq . (3.16). I~tead of doing this , we shall use norma l 
gauge arguments once again . In normal gauge the c

0 
- value of f.; 

(3 . 15 ) is found as follows . One haa/5/ 

1r: ""/ - E '"'" F I - F l = 1 t~ F J =- 0 e.ic . · a., - ..tl 0 - o J c1. o 1 J 

t1 ;( 1< j('YI I (/: ()) Ll ,(?FYI (.{/c -= - ( v:,! IIJ. 7.!{."': ?£.., u.) 0-= 0 
0 . 17) 

We are interested in the f ourth - order spinor derivatives of J("" 
only , s o f: reduces to 

8 

l 

( 

1 

1 "'[-- (T . .:~) 0r .(.(1 l 
[;/ =: -[, -?· ~x - ·:._ - 2. ~~J..,(F . if;, J + 'll.C.. 0 . 18 ) 

a o I 2 .t ..< F F 0 

Finally , i nvestigating t he definitions of c.r..: il (2 , 6 ) and F
1 

F 
(2 . 8) one easily finds (see Eq .( 3. 2)) 

I 1 n - . rs v ;t I _ , I ~ 0 =:. 3b '0 t.ly £) v ~ ~ 0 - - /2. (.,.c.J.. 0 
(3 . 19) 

Hence , in an arbitrary gauge , 

~ :: - 1~ be<. (3 . 20) 

The linearized form of G,1 is obtained by putting j{ >"~ = 
- 1""-

=. (}(]" """' 8 t-X n and keeping the terms linear in 3t' only . It 

r eads* ) ( \2)0 are the flat -superspace derivatives) 

G ~ ~~ -l\f L- " -o][ c -c] 
c.J.. IV Je ( U<.{) ( j}t ) · I i zo( I ~ ~ ~/'> I '.(;;5 T 

3 L- C\ ~· (;\ ~ ] [(\ c r:- ." ] 7. ., t + !(J~ I '1)/> C.l.. 1 1_.>( J h 
(3.21) 

Concluding this sec t ion we stress that by varying action 
( 1. 1) with rea pee t to the axial superfield /("' we are able to 
derive a single axial e;uation (2,15) and nothing more . In part 
icular , the equations/1 

R=- 0) F.= O (J. 22) 

do not follow from the ac tion principle . Here R and /? are 
some other components of the torsi on tensor • . le s hall return to 
this point in Section 5 . 

4 . Matter Jouplinp,a in Supergravity 

The acti on for s upergrsvity in the presence of matter has 
the forn 

•) Note that this result was first obtained back in 197617/. 
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~s ~ ,51

5 ,_. r-J J'fx ,r e. E 7M r c.p/ rz. cp J . ( 4 . 1 ) 

Here S's 1• is the pure-eupergravity action ( 1 . 1 ) and ;;( M is a 
matter Lagrangian with derivatives replaced by covariant ones, 
In order to obtain equations of motion one has to vary both J{VV! 
and t he ma tter superfield(s) qJ , Here a peculiar situation 
occurs . Let cp be a scalar superfield . Ita transformation law 

is 

c cr = . Lf (;. 'V1 (X t ( 1f) G ) -r ~J'''~ (X ·t }{) G)) 0'11 .,_ 

-r- II" (x. t-t H, if) 'Ov + ~.;, {:x -1 H, 6) 'o v J cp . 
(4 . 2) 

These are the famil i ar translation terms of Eq . (2 , 2) . However , 
the righ t-hand side of Eq . (4 . 2) depends on cp and J("' . There -

~ ~ ~ 
fore, both o cp and 3 H""' appear in the transformation law of 'f>Cfi 
~- "- "'ft""[ 1 to. L )'I f'l R -"") rll " L .,v ... rfl t.;{f;C(l)-= -t 0 "[ r G.,.,. /l - ''r-t ,1 ~-n T r o..,. /1 dv T-

-•';1: j v J¥ cp) - [ f (A " r ~ "~) 7"' t-;f ' J v t-~)I D>] S cp . ( 4. )) 

So , tcr does not transfor:n like cp itself (Eq . (4 . 2) . Hence, 
a group transformation will mix the equations for 1/ ~ and rp , 
they will not be covariant separately. To avoid this (a~parent) 
noncovariance one has to introduce a new , covariant variation of 
cp . 1 te form for a scalar cp is 

~< tl) :· ~ tp t- ~· [ il Yl cr .. /·t C f { ( ..... - 7q...,) 'l·~ cp + 
(4 ,4 ) 

. "' l' 
+ .{a. '(} 4-' - -z; ~ cp J 

where L and z are the left and right supervierbeine defined 
in Ref . / 4/ . One can verify that the new variation transforms pro-
perly, i.e., 

6 (s/..P) :: - [ f(;f'-t ~"") ~Yl + ~y Jv r~y ~d ?, cp. (4 . 5) 

10 

The covariance of the equations derived from Eq ,(4 .1 ) is .., 
thus ensured . Let us wri. te doo~~ n the equs t · o·. Jbta i ned by va r ying H : 

Ga. ~ d(.a V c( 

The result of the variation of the matter term i n 
respect ~o 1f ""- i.s der. :Jtt> · / Va. and is called 
Recall the algebr~ :c • ~ )Ferty of G.x.J< 12 •61 

r;! G . - _r;.. . ~' 
«..1 -co< - ,._,.X " • 

(4 . 6 ) 

Eq, ( 4. 1) with 

"supercurrent "• 

(4. 7 ) 

oc - n Here ~ , ZJll are covari ant .:ler:\·at :ve3 on:l /'<. is some ch i rsl 
scalar superf i eld {'Z:ac: R =C) . Then Eq . (4 ,6 ) implies 

tJ.ol \I . - - j_ Q. 0 
,(.- v()(. "- - X l .... ,( '' · (4. 9) 

Thi s La juat the covariant form of the flat -euperspace conserva
tion law for the supercurrent proposed by Ferrara ~nJ Zumino/8 / , 

We would like to stress that equat ion (4 . 6) wi th conserva 
tion law (4,7) strongly resemble the fami liar Einstein equat ion 

R'M'\.1.-! ~""""' R ::::- Jc'' T'V\It .. t ( 4 . 9 ) 

where the energy~omentum tensor I'"" ~ obeys the cova r iant con 
servation law 

\7"" T,..,'YI. = 0 . (4.10) 

The close relat i onship between the energy-momentum tensor and the 
supercurrent (the latt er i • the svpereymmetric general i zation of 
the former) stimulated us to propose the form (4.6) of the super
gravity equation of mot i on in 1976/7( 

5, Cosmological Term 

Let us now try to elucidate an important queat ton. Ir. the 
case of pure supergravity we obtained the equat 'on 

Goe.< = 0 . 
According to Eq . (4 . 7) this implies 

~"": -
,(_ . ..< R =C. 

II 

( 5. 1) 

( 5.2 ) 



Further , R is a component of the torsion, which is chiral 

( /5/ see , e . g . , Ref . ) 

c;_.~ P.. L • (5.)} 

Eqs . (5.2) and ( 5 . )} give 

R. = C-qyt~t = ~ . (5.4) 

Stress that A is en arbitrary constant . It is not necessarily 

zero , as claimed in Ref,/l/, Khat is its meani ng? 
To answer this question we have to turn to the component

fi~ld analys is. First , according to Eq.(5. 4 ) all the components 

of the superf i eld /t but the f) 0 - one van ish. The latt e r 

takes the constant value ~ and this turns out to mean 

Ph) -:. /12 (5.5) 

Here ,S
1 

5r)()""A1) 

and P 
fields introduced 

are the scalar and paeudoscaler auxiliary 

in the component-field formal i sm191 ; ~ 1 and 

11 2 are the real and imag ianry 

recall that the component -field 

parts of A (Eq.(5 . 4) ). Now , 

action h a s the form/ 9/ 

C1 ftV !' Jf4 (•2 J ~) ,_) .~· (- = ( ~ e t:l- ' + (, :X e .s T r t- A '" • ( 5 . 6) 

-r - (:\. lt/ r/. 
where vt- c is the Lagrangian f or the physical fields t...,) T,.., ; 

S, p and A ..... are the auxili ary f i elds ; e = cU tll <:' -~ II • The 
variation of , say , ,'1 , produces the equation 

s = 0 (5.7) 

instead of Eq.(5 . 5) . What i s the reason for thi s discrepancy? 
The answer is related to the f i eld content of the axi al 

euperfield 'j(...., • In the decompos i t ion of df "" there i s a vec 

tor /::J"'' and an axial pw. • As shown in Ref J31 , the fields S' 
end /) can be obtained by a noncanonical change of var ieblea , 

e.g. ' 

I , -1 c: S"" t':if 'M t.J"' /) :::: ~ (\,. ' + 2 lf/ ()"" ""t I . 

Now, putt ing Eq . (5 . 8) into Eq . ( 5 , 6) one f inds the follow ing 

term in the action 
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(5 . 8) 

J 1 ~ <' z J ,~ ( - l ( ..... lc . "'' "•) ./. , x e.) =p , >.( t? •• ,,.> -~-~'r U: .... lf 

r' "' · 1 Varying this t erm .v ~ tr. respect to ,~ ( but not,';, 
the equat ion 

(,\ ( 1- L r; ( • I ~~ u K J: 'f ..,.,,) := ( ! 
(I'M L t-Yl..) +-t 1 ~VI ' 

i .e., just Eq . ( 5.~ ). $:: /1 1 , Pur:her, t he variatic:: 1.f 

e~'- ,y :th Eq,(5.5) taJteJ, ·into account (;be s the terus 

c- Ill x. . , x A, e ( 0' "'"' "t l !/ ) 
01- · --~- T~, ~ 

( ;, . )) 

or:e ge ta 

( s. 10 ) 

X If-,.., ar.J 

(' e 4. • e [el"- (- l 2 + ~1 lu \1 T,_ lu k) - I :t ,i ~ L. j "' " J ( 5 • 11) 
C """' · Cl Ill 't T .., " T ). T <{ '-(..., • 

These are just the mass term in Ra r i ta-Schw Lngcr "'l"a t: or 3ni 
the cosmolog icul tena ~1: r:instein equation. 

Finally , note thet the same teme (5 . 11) in r.t:e equaLona 

of mot ion are r eproduc-e 4 by the cosmologi cal act .: o:. ~ero proposed 
in Rer / 101. 

S [ ,2 }i!S' t l'il ..,.,. >~J ,Px e S --< ..- T 't ~'"1 'fl' -· 

= j cU -x ( - 2 A 'Ov.. S "') , 
{ 5 . 1:.?) 

i.e . , ~I; is a total deri vative in our not<~t ion . This fe<ct has a 
superf i.e ld express; on , too. It turns out that tr.e , .. :pe r space 

/"'I cosr:~o logica l a -: t ion terms (proposed in Ref. ' · ) 

s J ~X J If 0 : ) f ti '1 X cflf 0 : ( . • 11) 

do not give any contribut;on when varied with respect t o j{"' . 
W"l woqld like to point out the occurrence of c·1tj topological 

cha rge (5 . 12 ) relate.J to the cosmological superfieltl invari a n t 

( 5. 1J) . It show s that the behaviour of t:te gr:l;r ~atio•.::l super
f i eld j("' at large X ha s something to -l:. w:..th ti:rl e >s.t logi

ca l t erm . In our opinior. , t his question i s worthy of more detail
ed examination . 
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It is a .;rcat pleasure for the authors to t nank E. A. Ivano·: 
~nd J . •Yer-s for valua :, le diseuse or:r. . 

Append. x A 

- "' To esta bl ish the transformation properties of ~ (2 . 6) we 
need some lnfonnation f r om Ref / 41. The derivatives {}"' if . ( 2 . 7 ) 

I o( 

of a scaler superfield cp transform as follows 

r, D ... tp ) = 11A ). '11-.. 'f' -r t t -. ' (A . 1) 

E" (X" C('} = - !J."' ~ 1 x~ cp t- t. t-
The quantities f

1 
F ( 2.8 ) have transformation laws 

~ F ::: -1 ( ~~. .. ). .) F -t-i . t . I 

. - 1 - -
~ F =- -xfi~j"')F -ri. t. (A. 2 ) 

'!'he parameters A 
1 
I are chiral 

~e<A ::1. .. , 'fj,~. ~ = C, (A.)) 

hence ( s ee Eqs . {) .11), (2 . 5)), 

-x~ .1~ .A :: 1 Ao~. , bJ< 1A = - I [L!o(>~«];}l"'' ~ ... A= (A . 4) 

::: - ~- [ .1.,. I A.(_] /(""{ 1 +I 10 ...... ~ '6: A • 
Now , let us consider the di fferent par te of ~"" (2. 6) . 
Firat (see Eq.(2 . 2 )), 

'6 fo'YI 1-c-·) = ·?)'1 r-f ). ""' - i 11 "' ~ l( 1("' - 11 ~ '0 «' 1-("") + k c . = 

-=::- i ld_>1 i""'- i '("" ~ \( 'd~ 1< '"<- 'O'rl '). i!R 'J;r: df"" -t- f' t, t- ~ .( .= (A . 5 ) 

= (1-tr H).,' ( -1 ?~.A-- f ?zLA v. ) K 1( .... - ?~ 'i1'" 'Jx- It "') -tl . t. +t C. 

Further (see Eqs . (A .1 ), (A. ) ), (A.4)), 

('([ --] "') -- "lj> - 1.J'M - fo "") o .1 ~ ,ll..c j( - Ll« 11 • ..1? .1 ~ uc -t Llit ( !Jd.l. · ~r H -t 

+~ t:"' ll "~"" -tt.t. th.c. = -.1-< ?.~. [Ly,,E.(] 1-t'(V\-

-t'[Llrt )f«] /(' (11c H)YIK{<J; ;11! + J(' -t f 'J; i''') + t t. +'h. c. 
(A. 6 ) 
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Combining Eqs . (A . 5 ) and ( A. 6), and using the id ent i t y 

/J l 1(''~ ( 1- I ]-{)..., Y\ :: L_x Jt ll 

( see Eq .( 2. 7) ) one gets 

6 ( [ t,;( ) r .d J{'Y1 ·tJe) .~·") :-- - t..i xl~ \I lfJ J 11 'l( 1-{ Jt~)v,v.,-

-l [L1 .. ,K=<_]j('(H·Wt}<_ r ... L J)f~)J(''' t-y~~ i (1-t HJ("'] tt. t. + ~ .( _ 

Fina lly , with the help of Eq . (A. 2 ) we find 

b"lfc~'M:: f (~)~,: o(FF[L3.~,tf;c]}-<-.,(1tf(z)..,""')-
:: -{ ;i- ( 1"q_ ~ ).-( f\ A,; l~"" + 

t" ~ V\[-t~: ;j?t;; l(''' -t- t r;_;}, K( I-t H_t"Vl] t- t . t . -r /~.c. 
The t ransformation law fo r ~V:( , obtained from the defini t ion 
-..,.. «. 1C V\ _ \ "v\ , and Eqs. ( 2 . 4 ) , ( 2. 10 ) lead to Eq . ( 2. 11) . v.,., u. - o.., 

Appendix B 

To pr ove Eq . ( J. 14) consider f i rst the i ntegral 

I= J i'tx Jlf tJ E [ !J IX (F ~) r 2 t1J.F. lf.:t]. ( B. 1) 

Integrating the first t e rm by parte and taking into account Eq. 
(2 . 7) one ge ts 

I-:. J J"x dye ( tJ"'"~: l - l't"" Ad. J('~) E. F. 'f'ol - (B. 2) 

Accor ding to Eqs .( 2. 8) , (J . 5) and ( ) .1 2 ) 

E F 2 ::- J.x.i (I - I 1<. ) • 

Putting this into Eq . (B. 2) and using Eq. (J. 9) one finds 
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I= [ 
This result eas~ly l eads to Eq . (J .14 ) . 
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