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1. Introduction 

The success of the cOMponent approach to supergrav i ty (the 
eo-called "tensor calculus"} i s explained by the existe nce of a 
mani festly covariant auperfield approach to this theory. Super
gravity can be formulated as a theory of the curved superspace 
and the powerful methods of differential geometry can be appli ed, 
as it is done in Einstein 's general relat ivity . In such a frame
work the basic objects are the supervi erbe ins EA111 and t he 
connections WAB C • They allow one to define covariant deriva
tives 

M (')"\ C 
<;OA cpe. = EA OM -,B +WAe. cp c ( 1 • 1) 

The (anti) commutators of these derivat ives gi ve covari ant quan
tities, the torsion T;, 8 0 and curvature RA 8 ej tensors 

[0A ~~s ~ cpc = - TA e, 0 ~)z/Pc - RA 8 ,c 0 o/1-:o (1.2) 

where 

0 R e;t ( ) Ql RAa ,c = AB Aet c 
and 1\ef are the Lorentz-group generators. 

One of the first geometric approaches/1 • 2/ is based on the 
genera l coordinate transfo:nnat ion group in superspsc•U:iV.: er, ei'Jf. 
Thera the supervi erbeine £AM are the primary potentia ls . This 
theory cannot be made a theor y of supergravity by purely geomet
r ic means. Additional covar iant constraints on the torsi on compo
nents have to be postulated in order to e liminate a large number 

M -of the field-components of EA (x, e, ()) . The fonl of these con-
stra ints has successfully been guessed by ifess and Zumin/11•), 

In Ref./5/ it was shown that supergravity can be constructed 
on a mora transparent, purely geometric ground . To this end one 
starts wi t h the general coordinate transfon1ation group in 4+2-

~J In Ref.IJ/ the claesification and possible algori thms in search-
i ng for 
pere/4/ 

those constraints have been discussed . In some recent pa
they have been guessed for ./11= 2 -supergravity too. 

----
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d 1mensi onal complex supers pace .{{X;: 
1 

() l ) J • The imagina~y _ 
part of X; i s identified wi th the ax i al supertield /-( {X1 f), 8) 
that is the primary potential in the theory . All geometric objects 
are expressed in t erms of the derivative s of 1( '1'11 • The corre s 
ponding f ormulae f or £ AM and W AB C were gi ven i n Ref/61. 

In the present paper the components of tors i on 7Jt a C and 
curvature R~t 8 C 'Z) a re written down in terms of severa l basic 

- - -fjll< 
superti e lds R 1 R 1 G 1 W, W • Explicit expre ssions i n t erms of n 
a nd id enti t i es f or the se basi c supe rtields are derived . All cova
r i ant cons traints guessed i n Refs ./1•2/ are automati ca lly fulf i lled 
here. Thus , our geomet r i c approach i s shown to be equi va l ent to 
the appr oach of Ref./1/ •>, although invol ving l e s s pos tulat e s and 
s uperfluous f i e ld va r i ables . 

Ins t ead of the Bi anchi i dentities we shall i ntenti ona lly use 
the norma l gauge {NG be low)/ 8/ in or der to show i ts ef fect i veness 
and constructiveness . In thi s gauge a t a given superspace point 

y • ""' ?}'-= ('Y0~ 80 1 00 v) the follow i ng deriva tives of 1( do not va-
nish ~their dimens ions and types of Lorent z- group repres enta t ions 
are l i sted a l so ) a 

C0/ 3.;, lf"'lo ::- - r cr ..... ) "' ..; 

'Ov~v<av-.1t'(0 -:: ~,· R"/o o:d. h·C. 

(CM.to) 

( e,..v... -1 I ( o, D)) 

{1 . 3) 

(1 .4 ) 

'3vf>./{)y ~ YJ1"'t = - 3G.'"'Io (c-~ 11 {i , t )) <1.5> 

~ ~y ~ y ~,/OJ¥ Jtt lo = -'fi \Vo(~f fo CAMd /. .c. (V"M-JJ ( t I 0)) ( 1 . 6 ) 

(rl. fo j() . - I 
S•+·"~~·/~v~ v 'dPoft ,( H«f lo = - ~.' ~~ 'llp G~ J o ~ ~ .c.(cc-·l (t 1)'' 

0 (." • ) I z I V< 1. 7) ( it j) .l. f> 

COv ~v ~" 0...,. /( '"fo c: ~ 0« RIo cw.d /1. c. (o-..~-1 > (f-,o)). <1.a> 
Here '0-v... .. =="O/'Ox""', e t c . ; 0yy: (j'.;:.~, lf..,.y = 0'~ "/(.,... 1 t he world 
and Lorentz i nd i ces are not dist inguishable in NG; h . c . means Her
mitian conjugated terms . The rema ining deri vat ives of 'J("" wi t h 

• >rt is equi valent to t he approach of Si egel and Gates/7/ a l s o. 

2 

dimens i on from UM+t to C/'1«.<-f , e e we ll as i£"" i tself, 
vanish in NG. 

In the right-ha nd a ides of Eq s . {1 . J )-{1.8 ) t here are basic 
t ensor superfi e ld s that reduce just t o thes e deri vat i ve s of Jt ,.. in 
NG. 

NG i s ana l ogous to t he norma l coordinate frames i n genera l 
relat i vity . It s implif i es s i gni ficantly and make s transparent a 
number of ca lculat ions and derivations . For instance, Eqe . {1. J)
{1.8 ) immediat e ly yi e ld t he absence of gauge -independent {i.e. , 
t ensor) quantit i es wi th dimens i on ~-1 {of course, wi t hout 
us i ng the coupling constant de as a dimension-regulat i ng f act or ) . 
This s i mply means tha t the torsi on components with dimension ~-1 
should vanis h. We hope tha t s imi l a r gauges will be possible and 
constructi ve in extended supergravi t y t oo. 

For conve nience of the reader the paper i s planned as followe a 
In Section 2 a comple te list of the resul ts i s g iven , end the ir 
deri vat i on i s demonstrated in the subsequent sect ions . The notation 
used i s explained in the Appendices . They a l so conta in some neces
sary i nformat i on about t he operators fj • the apinor connec t i ons, 
etc . , as we l l ss s ome ident i t i e s fo l low ing from t he main text . 

2 . Summary of the Result s 

Here t he components of the t ors i on tensor JrA 8C are l i st
ed and t he i r dimens ions are i nd i ca ted. 

~~c =1i(O'')df (a) J T:..!'c = ~~ = 0(€) ; 

J:j = 7:
1
/ = ~} r = 0 ~ ~. c. 

-r;/= 0 CJ'.Md { . c . ; 

T;.,!J =- ~ ~~ G fl ~i.e. 

{ (!/WI 0
) (2 .1 ) 

(OM-1 ) (2. 2) 

of 
( (;JW - i ) ( 2 . )) 

( CM-1.- 1 ) ( 2.4) 

(throughout t he pape r the vector i ndice s are often r epl aced by 
pa irs of api nor ones, e.g., T«,t;i If = (crC~ . ~C ~ 1 see 
Appe nd ix A) ; !"' 

1:.1136 M ::: _'tl fM ~ .. () ~ A 1 /}1 1 ~~r-. ' h.C . 
c(/Vvl.-:1.) ( 2 . 5 ) 

3 



c 1 cd. Gl:' . J: 8 = -f "/ f c( g cl e > 
(C/\1\'t-l) (2 . 6) 

T.~. . A • y1 ::; ; f ~,b VJ ~r t- , : y $., f' ( 2; G JY, r :0; G r .i ) -
.(JIJ~IIJ _}(2.7 ) 

_ ;~ ~~ r f_;,p a R -r ~~r ~ R) ~ "' . <(I'M .t) . 
The com2onents of the curvature are related to the torsion 

components/97, so, we shall give here the s implest ones only, 
that will be discussed below. 

P.~t :> =-i r f .. Jt~11! +$..: $ ~1 )R. ,v.-uJ.1. .t., 

Rg(/},)' i = 0 ow.J i.e . J 

{ CM.~- 1) (2 . 8a) 

c{..IIM - l ) (2 . ab> 

R«ji,C'l) = {) . (CMA-:t) (2 . 9 ) 

As it is seen from Eqs . ( 2 .1)-(2.9) the components of tor
sion and curvature are all expressed in terms of the basic super
fields A 1 A1 Gx~ J VJ~f1 '!_V':<j>f. !_21. The letter have the follo 
wing properti es. R , R , W, W are chiral: 

:8:,.R =2otR = 0 (a.) , ':Oi VJ"'ff =-cs W<ft =- 0 (~) . <2.1o> 

The superfield Go(..( ie He:nnitian 

-r 
&"' :. = (;,(~ (2 .1 1) 

The auperfields \Vo<.I!>J< , VJ ~ ~ jt ere t otally symmetric i n thei r 
indices, i.e ., they r'eelize Lorentz-group representations ( f J 0) , 
{o

1 
J) , respectively. Finally , the follow ing id~ntities hold 

cl. - -0 Go(.:t ::= -'lJ-< 1<. (a.), 'D i< G ~ = -(Do( R ( ~ ) ~ ( 2.12) 

?i W,_/';t =-f ~~ {'1>r G; -r:d~G; ) ~ { .c. (2.1)) 

The basic superfi elds can be expressed in terms of derivati
ves of u~ : 
R-='A';J,x:rn= 2

) ra.)} R = t1J.!J.~{F~) r~); 
(2 . 14) 

4 

G"' ... =2( F tl'w««f> + 't W.:t.x P11~ F +; l-.V,x~ I.-,.;F + 

-rwl }i. (;Jt f''i. t' .2 F £1.< A..c F + F ,1,(l1~ F +tJ.,/. ;r,..F ~I ~o(F x~~2.15) 

Wtl.f"Jt-=! (Vt~.;;rtVt>r:J +VJ!.:tf)J %fj =(\V.'lVt)r 

where 

1.Vr~..f3! = - FF1tJO(, ~~~w ~f -F u..l..{;>. E(tJ~- :Z ~f>;t +-

1 - d t -, ,i ) ( F ~ F- -+z t.f>W Z>f +-2 111 U..· Sf + F 6 . UJ~ xS -
( 2. 16) 

- F [11t()I~] ;:=-;? lJ.O(~ F +.z ~ ~J,J=.IJ-~ f + { {1:( F.l.:t F)w ~tf . 

The explicit fo rn/6/ of the opera tors 110( 
ions w~ftft , (;j-<;;r end factors F 

1 
F, 

is g iven 1n Appe ndix B. 

, fl ;,. , spinor connect 
ell in te:nne of J( "'t , 

The NO-values of the basic superfields and of some of the i r 
covari ant derivat i ves have already been given in Section 1, Eqe . 
( 1.3)-(1 . 8)~ 

Now, let ue d i scuss the proofs. 

1 

). Torsion Compone nts with Dimension t:lm" and (/YYI- i 

In Ref J 61 we adopted t he follow ~ng def1n: ~ion of the vector 
covariant derivat i ve 

l "--' J -c_ r:0a. = 't { o;t ) .x al 1 'Coe 
1 
Z ~ _1 • (3 . 1) 

Comparing Eq.( J . 1) with Eq.{1.2) one i mmediately gets Eq.{2.1a ). 
Moreover , Eq . (2. 1e) i s unique , because in NG the only nonvanieh
ing dimensionless deri vative of /("'t is the i nvariant tensor 
0:~ (see Eq . {1.J)). For the same reason the di mensionless tor-

' c a ion components 7:,. end T;. vanish, as ate ted in Eq . (2.1 b). 
~/' ~~ ~ 

Analogously , the absence of nonvani shi ng derivatives of?( 
with dimension UY\1-

1
/.z i n NG proves the correctness end unique -

5 



n~~l ~f Eqo . ( 2.2) , (2 . )) . The same arguments show the uniqueness 
of our definition of the spinor connections161 (aeg Eqa . (B. 4) , 
(B. 5)). Two possible connections would have to differ by a tensor 
with dimension CJM - 11

l. 

Note that Eqs.(2.1)-(2 . 3) are part of the kinematic const
raints of .vess hnd ZUl!li no/ 1 •2/. In our case they are automatical
ly fulfilled . rhe last of the kinenatic constraints , ~tc = 0 
(dimension U'rVI.- 1 ) is not unique : It can be modified by redef i 
ning the vect~r connection (see Sect . 6). 

Finally, Eqs.(J . 1) and (1 .2 ) yield Eq.(2. 9 ) too. Eq.(2.8b) 
means that in NG the tensor R.-.A ft. i , symmetric in x1 j'> and 

• • I 'J 
jt, 5 cannot be constructed out of the nonvanishing derivativer, 

,.,· eh dil!lension UWt- 1 (Eqa . (1.4) , ( 1.5)). Eq.(2.8b) leads to 
identity (C.1) Nhen written out in detail. 

4. ~plici t Form of the Basic Superfielde R, P. 
To ollte r. an expression for R consider the anticommutator 

f 0.x /o~ ~ cpr = r;)« ( F fj~ cpJt +- wftl" s cps-) t- rd. ~/') = 
(4 . 1) 

-= - l tJ s tJ s r F 2) fl· "-i cp~> -t- €;> r tf()( ) 
Here Eqs.(B. 1), (B. 5), (B.9) were used . From Eq . (4 .1 ) statements 
(2 . 8a) , (2 . 14b) follow. The chirality of ~ (statement (2 .10a ) 
is obvious (see Eq . (B. 9)) . Note that Eq . (2 .1 b) has once aga in 
been derivad. _ 

Let ue f ind the NG-value of R 
of factor F follows 

• From the definit ion (B, J) 

/1 

( 
, .1 't " "" 1 I C{ 

~ o< F == F - ~ z )>! L1o( la. + c ""' 
/1 

L1« tC{ ~) . (4. 2) 

Further, in :IG ( see Eq . (1.J)) 

A ~~ ,1""1. \0\1 1 ~~ ) 4. 1 1 F_ '< Lt~. 0 =:- c 0.. 0 = 2 8'<t I 7 'N () = -(... >'< C = £ \<1< I F/0 =1 j (4 . 3) 

114( ~: 1() = ~Ll aq x;t'/
0 

=t<ra.yf [tJ./·~J> (-~ _, ~ 1t 'J1(1 t t Hf~ ~<giC) H j 
0 
= 

= (<Yu)~~ 9,(~ ~~ Jt"'Jo = 0 (4 . 4) 

6 

I I 

"" .... 
L1o( e ~ lo = 0 . s imi larly , i . ~ . , 

IJ<t Ffo = 0. 
( 4 . ')) 

Then we f ind 

-~ ' oi -1ql .!.... .:: e1QI R o =- ~ .1 tJ~~, z'<. o-" .a L1o~ 4. o 

1 - -u4; t. - ""' q, I -== - 3 !!. 6 . ..1 aa ..1 fTl o - 6 t1 .1. A (1'1. L1 H 0 • 

(4 . 6) 

The f i rs t t enn contains three !J ' a and vanishes according to 
Eq . (B. 9 ). I n the second term I. and .t1 change t he i r places 
with the help of Eq. (B. 10) . Finally , taking into account tha t 
the lower- order derivative s vanish , one ge ts 

Rio -= f ra~jt~[A' n!'([J1",~.t]J<"'o,,:Jt)l = -; l o.iod~ 1£"'/ o 

which is just Eq.(1.4) . The expression ( 1.8) for '().( R/0 ia 
easi l y obtained in the same manner. 

We have carried out the above calculations in such det a il 
for illustrat ion . In what follows many straightforward steps of 
t hese NG-calculatione will be omitt ed . 

5. Torsi on Components J;,li C and Bas ic Superfi eld G..c.< 
Consi der t he commutator 

. J c 
(0.~ ,';)/'ft] cp = f[':6o(>l7Jf~}]]cp =- L,;yj 2c cp. (5 . 1) 

Thi s quantity i e ant ieymme tric in o{ and j3 . Indeed , 

( <2)"1 {'Z>p1~f D 9 = £l/~/" 'Z~ cp -~ ~ ~"' rp +-

+ ( 8o{Zft ':OJ'>- L} ~f ~.) cp. 
( 5. 2) 

The entis ymme t r y of the first ~o t e rms is due to Eqe . (1 . 2), (2. 1), 
(2 . 8b) , and the las t t wo are obviously antieymmetr ic . Then , 
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( 

Tj, .. -~ I -- ( 
- 2 ~ ,)(,, I ' f~ ( 5. 3) 

and the indices ;;( and ;'1 can be contr:~cted when evaluaLng 
Eq . (5.1). Putting the explicit express:ons (B. 1) forZJ ... ,'Z"..( and 

(B.5 ) for r_,v«-1\r into Eq,(5 . 1), and making some straightforward 
rearrangements , one gets 

[z-', 1£x)"]Jcp = FFjF[tt, ~11 .. ,ti~1J t-(2FA"ltd~+lt~F)t~.v1..1-

- .(c'--' ..t.f1tJ~XI·J]cp -ri ;l!JllF~><f r-FA-'iu '.x~i t-

+ ") A.tF.,, .. +- 2 F 1\.(F-W' • +-W"' . . ((,~ .I it+ ..,(J ·"'":1-.ir F 0 • ~J(r ? .1( J 

-r7 t:/F. !J i( F ct ~f: ~ 2 ;< qJ t-

r 21 F Ll"' c U:; .;.( Ji +- 'f U: J< tt ~ t1 tt F + f wJI ~f J /; F -r 

+ CA.,/;. ; (~f.,~ Ji +- 2 F ~ A i' F t- F 1J Jf. ~~ F + 

, J! - - F JtF - =: 7. "' rf1 -rrr F. !JJF + F Ll . A;,;_ I- J .Vjt -,-. 
( 5 . 4) 

~iith tl1e help of Eqs . (B. 10) , ( B. 11) one can easily show 

that all the terms in the first braces in Eq . ( 5 . 4) are proportio

nal to the spatia l derivative . So , according to Eqs .(1.2) , ( B. 1 ), 

(B .10) these terms form the torsion component T "', -<;i c . Howe ver , 
the latter has already been ehown to vanish (Eq , (2.))) . 

The second braces in Eq . (5 . 4) determine the component 

/ ,;(t\
1
;. • Let us find its tlG-value . One of the bigher-order- de-

rivatlve terms (the lower-order ones vanish) , F t1"'Wyjt , equals 
zero in l/G (see Eq . (B. 6a)) . The second one gives 

[ -f:.-
2

L111F) r··:::: \' o.~~o(<d"'it""lc ~1'· 111 . <5 . 5> 
F o l'r , 

Comparing Eq . ( 5 . 5 ) with Eq . ( 1.4) and recalling the tensor charac

ter of the quantities considered one provaa statement (2 . 5) . Iden
tity (C,2) is simultaneously obtained also . 

8 
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' 

The third braces ir Eq . (5 . 4) detern•ineT .,..JA /' so , that 
)7'1 

ataterr.ents (2 . 4) and (2 . 15) are confirmed . The NG-value of G .... ~ 
( 1. 5) i~ obtained considering only the terms !J. .... r..Z':,;~.Jt , If.,< Li.r F 
and !J;t Li.(' F, the remaining ones vanish in NG . Eq . ( 1 . 5) clearly 
shows that G.A,;. is Hermitian , i.e ., that Eq . (2 . 11) holds . The 

vanishing of the ant. i hermitian part of G-<.< (2 . 15) leads to 
identity (C , )) . 

Consider :C,( b-<A in :lG : 

0.i G .1~ /" ::: 2 [ 11..t 1/"l-:;\J~:J +2 4• A; ,1"' F 1- 6~ 6.( A.c F ]" :::: 
( 5 . 6) 

2,· ~o1. I'' n-. ·J "'11 "< 1 = - ;J. P:J 
:;:= - "'?: ( I f. (I( ( .,/ ( "M !fl. 0 ;( Cl 

according to Eq,( 1. 8) . Thus , statement (2 ,1 2a) is also proved . 

Finally , Eq . ( 1.7 ) can easily be verified . 

6 . Torsion Components ~g 
<: 

Prom Eqs . (1 . 1 ) , ( 1. 2) one finds 

Ia. € (. ::: Et..(, M J M E I. N E Nc -r w,( (. ( - ( ({ +-'> e) . ( 6 . 1) 

In NG the supervierbei ns £AM turn ... nto tAf\1 /B/ , her.ce the 

first term in Eq . (6 .1 ) includes the spatial derivative ?~ . 
However , according to Eqs , ( 1.4 ) , ( 1.?) in NG ther·e are 
priate de ri va ti vee with dimension (./l'YI.- 1 containing <()Q 
fore , ( see Eqs . (B. 7) , (1. 5 )) 

- c [ · ' <. '] - - ..L 'Yl cJ. G 1?/ I a g /
0 
= u. a.~ - w €-~ 0 - :? l t«- l, de o 

no appro

• There-

(6 . 2) 

- ' Ge l<l6 and are tensors , eo Eq . (6 . 2) , i . e .. Eq . (2 . 6) holds in 
an arbitrary gauge . 

Stress that the vector connection tv({ i< is not defir.ed 
uniquely . There is a tensor , G"'~ , with the same dimension CM\ -l 

that can be added to 0UQ~t. • For instance , if one chooses 

1 _ + i c._ L r ,/. w Ct ec - W,t ~c If c; Ct !be(. L7 (6 . 3 ) 

one obtains Td~':::O , i. e. , just the last kinematic constraint 

in Refa ./1 •2/ , So , one sees that this constl~ int, being correct , 
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c is not unique . In our case , to obtain X e = 0 we have to adopt 
the vector covariant der ivative 

"- ~ ol j - "L 1 G ,I. A /, c 
~\t -:: ~ (()a..) L kJ.x /L' ~ J +- 7f ~a. € c ,). I I (6 . 4) 

instead of the natural definition (3 . 1). 

7 , Torsion Component ~ C Jl and Basic Superfield l/'./";1!>,/t 
u 

Now , from Eqs , (1,1) , (1 . 2) follows 

Tu.. g I' = E({/IA. r;J,._, £6 N E,/ - { q_ ~ €) <7 .n 
since Wed> ;. (or (;4/tu jt ) does not exist. In NG 

1: (, }' lo -=<Oa. E g It }
0 

- 'Og E/ fo • (7 . 2) 

The explic it form of E ~ was given in Ref / 6/ (it can easily 
be obtained from Eqs .( 3.1 ) , ( B. 1}). Putting it into Eq,(7,2) one 
finds ( in spinor notation) 

~:t.,f},J! jo = (a-t()«.( ( o-8 ~~ <crs Ta_ e. ~= 

= f <O~c( ( f;;r ~ F -t- wf~ r )/ 
0 

- ( « ~ ~ ~~) = 

:: i Z:t.; ~~y~~- 0Q(~; ~iftL-A ~~ ~r.~y~v 0-</lH,~ t-
fttj'>;t) (l(j'>) ' (7 . 3) 

- l.itt ~.<:f( ~r~¥~v~ 0-1<'""/o + Ee~.r9y~v~ 0~ 7f'"''lo) . 

The second term in the last equation is identified with(~ 'i)- &rp/o 
(see Eq , (1 . 7}) , and the third one with~W~tf~R.Io(see Eq . (1,8 )) . 
So , Eq , (7 , 3) establishes t he coefficients of these superfields in 
Eq , (2 . 7) . The first term in Eq .(7 , J) determines a new quantity, w ... fo l' . which i s to be examined now . Eq . (7 . J) shows t hat VV,t;;r 
is totally symmetric in r:/.1~1 jt- • To obtain an explicit expres -

10 

sion forVV~f one has to evaluat e the commutator (see Eqs . (1 . 2) , 
0 . 1)) 

f[10.x})G{t ~ 0/",~fl] cp = T;_«11v~ c 2c cp. (7 . 4) 

Ylhe n doing this 1 one can keep the terms proportional to 0)1 ({)= FAJI q'l 
only (do not forget that ~~cp takes part in the derivative 

<Zlc cp too ) . Further, one can also contract the indices d and 
;3 at the beginning , and omit all the terms antisymmetric in 
any pair of the indices ()(.

1 
jl>1 jt- • After all that one obtains 

w~j>Jt- as in Eq , (2.1 6 ) . Note that Wr~.,t>!' can also be 
found by evaluating the curvature component 

P.. :c, f./> I rl.)'- =- ,· ~ ;;, \V r1.ftf- ' (7 . 5) 

The chirality of Vlf~~Jt (2 . 10b) is easily proved in NG, 
Indeed 1 in rm the spinor connections and terms such as ;1

01 
F 

vanish , and so doe e the term 

6;. w ~-~ 1-l o == - f Kr K"£ A? Hr ~ I 0 -r r f ¢-,101 ) = o (7 . 6) 

due to Eq , (B.6b ), So , verifying Eq . (2 .10b ) one has only to look 
at the term 

!;;. 1Ll.i1 A~ ~w~;;rlo ::: -2i flo~.< X; W ~ .~! Jo = 

-= ~ 9tt~ :1; ll AJ'> 11rci lo + (p <::-»!) =- 0. 

Here Eqs , (B. 10) , (B.11) , (B. 6b) were used . 
Finally , identity (2,13) can also be derived in NG. 

8 . Conclusion 

(7 . 7) 

So , the s tatements made in Section 2 have been proved , The 
normal gauge has frequently and ~ffectively been used in the 
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proof. It has simplified the considerations and underlined the 
r eocetric nature of the axial gravitational superfield Jtl"t . The 
main aim of the paper has been to demonstrate the abilities of 
our geometric approach in deriving the explicit form of all the 
components of torsion and curvature and establishing identi ties 
between them , The results obtained agree with those of Grimm , 
\'less and Zwnino/21. Starting from a more adequate group in super
space we have derived the constraints they had guessed . One of 
those constraints , ~ ~ c :: 0 , has turned out not to be unique 
(see Sect . 6 ). 

The results of the preeer.t paper concern the case of A!= 1-
supergravity . We hope that in extended supergravity the search 
for an adequate group as a framework for a minimal geometric 
approach will succeed. Then the methods described above could be 
generalized. 

The authors are grateful to Dr. E. A. Ivanov and Prof . J , Wess 
for discussions . 

Appendix A. Notation 

The following notation is used in the paper. The world vec-
tor ("rt1 1 ')J 1 .. • ) and spinor fr, V1 • ; fJ .Y, • • • ) indices are com-
bined intof'-1,/1/, ... , and the Lorentz ones{c~'"' '~; It,/",,..;, ... ) into 

A p, .. _ • The Lorentz vee tor indices are raised and lowered by 
I I . . I~ ). f •• 

?]f<i. =,L~.a'JJ+---) , the spinor ones ~y ~,..1"1 ~"I'(E =-i .=-'t12 -=t 12:J). 
-the contraction rule is : cpA 'f'A :: 'f' < 'f'a. t- cp« ~ + C(J;, yJ-<, 

The vector indices are often represented as a pair of spinor ones 

en . :::(a-«) . Cf>. cr.,(:t.=.{cr"J"'•cpC( cp,(~~. : }.Cfa.C(Jq 
- , - ()( ol ()(. <>( C( 

1 
) _. .,( 

using 2xz matrices cr'(::{1) if?)) (Jet-:= (1,-cr) . cr 
being the Pauli matrices . Further , 

"' • • t ' - "-' J it}. 
(rse<f:).t.f.>:: I [UQ.Icr,]l(f I ca::Qi>)"'f ~ yL ~~(}~ ', 

(o-((G='g)"f :=- ~a6 ~«f -L {rra.t,)<f>) {Oa.g)'0 =(O'qt!ft'){; 

(O"'q)"c{(o-{.()p;J =2 fo~/'>S:c::;jJ (cr4.i,)f tci'qt)J::. 0, 

( f ) f ( " F fo I' S) 5a.~)d. ( o-4~ /1 ~ 't 2 o"' ~ -s,._ ~ . 
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W (: 'YI 'Y - Y) The derivatives at a point 2 ::: J( l g I e are abbrevia-
ted by 

0 
~/II-=- 'Clew 

0 co ) '() 
1 ~-=- r,x" 1 vv::. (<J"" vv ~x" ' 

COy 
'[) - I{) 

.:: <"JBY I ~y = 'CB y 
o'Y=- 2.::: -fvr ~ ~y.:: -<i\-j i. 

'bBv /" J I' 

The symbol S~ means symmetrization over the indices 
indicated below, e . g . , 

~~A·~~ f(A.t.t> t-Ap~) 

~ Ai-fo r- = f ( A-"f'71 + fo•r_f'> + ftfr~r +A;;r<J. + Arfd +Ar;.J>). 
( d..ft ;t ) 

Appendix B. Connections and Operators A, Lf 
Here we list some of the results of Ref,/6/. The spinor co

variant derivatives look like 

' 
<i>ol lf>f>::: F A,/::P~ t-Wa~. 6 cepe. 

~~ C?J~ -::. i=EO(cpB t-W:t.sccpc , 
where 

A n. •(\ -tJ'YI( . )-1 '\'1.\ • ~ () 
D,(_-:::·uol.t£ Ot((~ 1-Lf< 11 0"'t ::{()"('~lLl~l{ ll"M.. 

1 

A~= -8d -r,·idl lt""{1+rHr~ .... ~ = -~ -{·~ 1-t ...... 9 ..... 

(( 'YI 'M :: co)'\ 1t ....... . 
The factors F, F are • ) 

(B. 1 ) 

(B.2) 

._T There was an error in Rer./61. The factors 
finitions of Fand F were omitted . 

22;:., 
in the de-
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2. 1 , -1 

F = 21 ~-lr1o."). w'te:)) 
F :: 2 ~ Jd -1 t ~ .... ) . Je1 f r -l ": ) 

where 

1"M. - M A....._ -"'-' "' 
GQ. = ba-Q t.1 J( I eu -= A (}C( A 1i . 

Spinor connections : 

w()(.~r = r. ~~..f> LlJ1 F + r~r Ll,13 F, 

UJ ~fit =- z:tp X; F - z ~jt Ll) F 

w . . -.!:... F(" ~ ....... ~ I){~"'} . . :::. "fo'fl - A Uc( lo. • ~.. .... b v '/'!' 

= ~ F ~IJ lif3J{ ....... £,.,...,,.,_; + t) -r ) , 
W:tftr = f ;= t.--x t.!-'1t"": L)r(J. + 0 ~J'l) . 
where 

""~.,"('I. 
?:a, 'Z...... =- 04 ) 

A...._ -'t ~ .(, 
~4 ..e 'IV. = ~«. . 

Vector c0nne c t ion a 

w«- sc = fr~ )~d [F llolw~ ~c t-F XO< Wot Be +-
-. - f) 

+wci.;.i u.> s sc + W;-oc Wb'sc] · 

(B,J) 

(B,4) 

(B. 5) 

(B. 6a) 

(B. 6b ) 

(B. 7 ) 

Conjugation ruleea 

( - )+ + - + ( Ll -.A)+- - A At !Jr~.A.11;B =Ll,t.> B, billA "' 6t --.6 .<'~ , ) ( B, 8) 

( Wt~-ftjt) t- =- W :t}jt ' de. 
Identiti es !or the operators L1 Ll I 

14 

iA"',DpJ=-~F~ 1 l'fi1=0 , A ci L3f->t1J! =Lla-~ A~ = 0 j (B. 9) 

1A.t , A/;~::. -L [ L1r~.)f~] qt( .... 2"" = 
. , - . (B.10) 

=-2iA,_J;f1t'/1-t'1f' -_: ...... a.,.,.. = 2i l}Ati.(('~~(1tt' Hf.:.v...ra...._ j 

[9..,.., 6.d = t' ~ llot -a-t "'I g"'v\ = ~· Acl.ro ...... 1fY.t1-o1. r: '\It 0)1 , c:s. 1, > 

r - ] (\ - " . - I} -u¥( . )-.1 "'I 0.,.. 1 A:t = -t' uv... !1.;, 11. ~'II ::::. - L L1 « ""'- rt 1-tt H 'K COn 

Appendix C. Identities !or W-s a nd Ll F 

The va n i shing or the curvature component R~ f S (Eq. (2,8)) 
yie lds the identity J 

F2 t1rl ( ~~;i) +0~ji ~~ .f i + (<X-~p) =- O · <c . 1) 

Similarly , the deriva tion o! Bq.{ 2 . 5 ) give e , by the way, the 
ide n t ity 

!J,(}( Wrt. f i + 1:/·f!trt F~ F 2 • Wu.jt i :::: 0. 

.Pinally , the hermiticity or G<><.:t. (Eqe . (2. 11) , {2 . 15)) 
means t ha t 

(C . 2) 

F t/,w ~«.f -t f Zi/; w«.;.} + 1t w ~t ... ~ 11~ F +" l<.l I>( .:r;., a.~-> ,c -t 
+-; W«if.}Xi>F +; ~ot /-' ~F +,Z FA~,tjc(F +2F!Jol~ p+ 

- - F - F--
+ Fa .. ~ F + F ..1a. .10( F +- Ll..: F . .A~ F + ~ t.1.( F. ac~ F = 0. 

F F (C.J) 

All these identities can aleo be proved d irectly without 
using NG. 

Added Notes 

1. Recentl/101 the nonuniqueneee ot the constra int ~(,c. = 0 
(diecueeed in Sec.t.6 ot the preae n t peper) wee demonstra ted on 
the component -fi eld leve l too. Our choice (Eq.(2.6)) wae shown 
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to be related to the introduction of an "improved" ordinary-
f i eld connect ion £2• { e , CfJ) • 

2. In a re~ent paper/111 the constraints for conformal super
gravity have been discussed . We would like to point out that 
they can easily be derived in the framework described in this 
paper . As shown in Ref . / 5/, the conformal supergravity group is 
the general coordinate transformation group in the left and 
right chiral superspacea . The Einste in ' s case/12/ is obtained 
when i nvariance of the aupervolume is required in addition. As 
mentioned in Ref./8/ , dropping this restriction one can fix the 
normal gauge so, that the derivatives (1 . 4), (1 . 5), (1 . 7) , (1.8) 
vanish at point i! 0 too . Then , following the arguments of this 
paper one concludes that the only nonvanishing torsion component 

is 

5~l 
(<(Af) 

I 

0( = 
T"' ) ~':.I r w .. Pt 

This fact explains why higher-order equations of motion are un
avo idable in conformal supergravity . 
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