
The remain ing  integral  does not contr ibute  to the pole t e r m .  

Collecting toge ther  all  the t e r m s ,  we have 

i 
i t .  d x  x ( 5 x - 3 )  4 16 i 

], = - - |  + - -  + o ( l ) = - - - -  + o(l). 
e J y l -x  e 3 e 

0 

Calculating s i m i l a r l y  the asympto t ic  behav ior  o f 3 2 ,  J ' we finally obtain I s = 87rBm/e. F o r  I,, in tegrat ing by 
means  of Eqs .  (A. 1) and (A. 2), we obtain 12 = 2v~ Thus,  

A 2 m  p .p .  ~ : i ) =  _ .,.~m, +. _ _  

y~a8 8y~28 

Besides  the g raph  of F ig .4c ,  it is n e c e s s a r y  to take into account the contribution to F (~) of the 
g raphs  of F igs .  4d and 4e, in which the c r o s s  denotes~ the v e r t i c e s  cor responding . to  P . P .  F~ 0 and1 P . P .  F ~ 0  
The calculat ion shows that the i r  contr ibution to i-'~ 0 comple te ly  compensa t e s  the contr ibution of the g raph  of 
Fig.  4c and, the re fo re ,  a01 = 0. 
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GENERALLY COVARIANT THEORIES OF GAUGE FIELDS ON SUPERSPACE 

V . P .  A k u l o v ,  D . V .  V o l k o v ,  and V . A .  S o r o k a  

Different  va r i an t s  of a genera l ly  covar ian t  theory  of super f ie lds  with nonzero values  of the 
cu rva tu re  and tors ion t en s o r s  a re  d i scussed  f r o m  the point of view of the holonomy group.  
A study is made of the example  of a Lagrangian  that is quadrat ic  in the tors ion  t ensor  in the 
l inea r  approximat ion  of weak f ields with in teract ion switched off and includes f r ee  f ields 
with spin 2 and R a r i t a - S c h w i n g e r  f ields with spin 3/2.  

1. After  the introduction of the concept  of s u p e r s y m m e t r y  [1-3] and the construct ion of the s imples t  
s u p e r s y m m e t r i c  theor ies  as field theor ies  on supe r space  [4-7] the p r o b l e m  a r o s e  of finding gauge and 
gene ra l ly  covar ian t  genera l i za t ions  of these theor ies .  The s e a r c h e s  for  such genera l iza t ions  have been made 
and a re  cu r r en t ly  being made in essen t ia l ly  two di rec t ions ,  depending on the type of project ion o p e r a t o r s  that 
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a re  used to separate  the physical and unphysieal s tates.  

In one of these direct ions,  one uses  project ion opera tors  that direct ly  select  a value of the superspin 
of par t ic les  in such a way that superfunctions with other values of the superspin play the role of gauge t r ans -  
format ions.  In this direction,  we have the important  papers  of F e r r a r a  and Zumino [81 and Salam and 
Strathdee [9], in which a supe r symmet r i c  general izat ion of the Yang-Mil ls  theory was obtained, and of 
Ogievetskii and Sokatchev [10], who use a vec to r  superfield to cons t ruc t  a supersymmet r i c  general izat ion of 
the theory of gravitat ion.  The recent  papers  of Freedman,  van Niewenhuizen, and F e r r a r a  and Deser  and 
Zumino [11], in which a unified supe r symmet r i c  descr ipt ion of the gravitational field a~nd the R a r i t a -  
Schwinger field is proposed,  belong, as regards  their  physical  content, to this direction, although f rom the 
technical side the construct ion of gauge t ransformat ions  with project ion opera tors  corresponding to a definite 
value of the superspin was not undertaken.  

The other  direction in the search  for  gauge and general ly  covar iant  general izat ions of s u p e r s y m m e -  
trie theories  proceeds  f rom at tempts to cons t ruc t  var ious  kinds of connection on superspaces  in close 
analogy with the schemes that use connections to descr ibe  the Yang-Mil ls  and Einstein fields in ordinary 
space. The projection opera tors  that then a r i se  are  related to the operation of ex ter ior  differentiation. Such 
an approach was proposed for  the f i r s t  time in [121 with the only exceptional feature that the action integral 
was taken in the fo rm of an invariant  integral over  a four-dimensional  surface in superspace.  It is obvious 
that the possibi l i ty is not precluded of taking the action integral in the form of an invariant integral over  a 
s ix-dimensional  surface in superspace .  

The direct  general izat ion of Eins te in ' s  equations to the case of an eight-dimensional Riemannian 
superspace  was proposed by Arnowitt, Nath, and Zumino [13, 14] and somewhat la te r  for the case of an 
a r b i t r a r y  connection with nonzero  curva ture  and torsion tensors  by Zumino [15] and the present  authors [16]. 

The basic ideas relating to the possibi l i ty of construct ing the theory of a gauge superfield in c lose r  
analogy with the ord inary  theory of Yang-Mil ls  fields were recent ly  formulated in the review [17] by 
Ogievetskii and Mesincescu,  and a concre te  variant  of such a theory  was proposed in [18] by Ogievetskii and 
Sokatehev. As is noted in [18], the proposed var iant  of the theory of the gauge superfield is c lea r ly  not f ree  
of difficulties associa ted  with the appearance of redundant field components when an interaction is present .  

As will be shown in the present  paper,  s imi l a r  difficulties a r i se  when one considers  general ly  
covariant  theories ,  and the question of their  consis tent  elimination is at the present  open. 

In this paper,  in more  detail than in [15, 16], we cons ider  the fo rma l i sm for  introducing connections 
on superspace,  emphasizing the importance for  physical applications of the specification of a definite holonomy 
group.  * We cons ider  examples of genera l ly  covar iant  action integrals  and some of their  consequences.  

2o An a r b i t r a r y  superspace with coordinates  z~=(x ~, q;', ~p~') is described by the Cartan s t ructure  
equations [16] 

dA(o" (6) +~o ~ (6) AF."  (d) ='/2ca B (6) A o) c (d) So. A, (1) 

dA FA" (6) +Fa c (6) AFc ~ (d) = '/2c0 c (6) A (o" (d) T/Do. A', (2) 

where the differential fo rms  0)* (d) =dz"(o;* define the transit ion f rom the natural local coordinate sys tem 
associated with the coordinates  z"=(x  ~, (p~, (~) to an a r b i t r a r y  local f rame (we shall denote the components of 
tensors  in an a r b i t r a r y  local f rame and in a natural local coordinate sys tem by upper case and lower case 
le t ters ,  respectively),  F~B(d) are  the differential fo rms  of  the connection, and Sc;  ~ and B,e,A B are  the 
torsion and curva ture  tensors .  ~ The differentiations and products  of fo rms  in the express ions  (1) and (2) are  
ex te r io r  and are  defined in the same way as for the case  of ord inary  spaces by alternation of the differentials 

d and 6. 

The fo rm of the tors ion and curvature  tensors  follows f rom Eqs. (1) and (2): 

S~.~= [ ( - )  c(~+~)xjx~'o,o~; '+r~ ~] - ( - )  ~'~ [ B  - ~  C ],  ( 3 )  

[ ( - )  +.xo,xo'o,r,o'+ ( - )  ( - )  ~o [ C .-~ D ], ( 4 )  

* The holonomy group is the group of t ransformat ions  of the f rame when it is taken in parallel  t ranspor t  
around an infinitesimally small c losed contour.  

-~ The invariant contract ion with respec t  to t ensor  indices is defined in the Appendix. 
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