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C 6 

Supersymmetry assigns equal masses to bo ­
sons and fermions in the same multiplet. 
Since such a degeneracy is no t observed in 
Na tu r e , it is impor tan t to break supersymmetry 
either spontaneously or explicitly. We opt for 
spontaneous symmetry breaking since the 
in t roduct ion of n o n symmetrical terms would 
m a k e the theory lose all predictive power . 
The recent advances in supergravity, namely 
the discovery of a minimal set of auxiliary 
fields, and the establ ishment of a tensor cal­
culus, allow us to construct the most general 
coupl ing of supergravity (2, 3/2) to the scalar 
mult iplet (1/2, 0 + , 0 - ) . 1 We recover as special 
cases all the previously derived couplings and 
show tha t the model depends u p o n an arbit­
rary function G(A, B) of the scalar (A) and 
pseudoscalar (B) fields. 

Fu the r we show tha t for a very large class 
of such functions, spontaneous symmetry 
breaking of supersymmetry takes place. The 
spinor x field of the scalar mult iplet plays 
the role of a Golds tone fermion of super-
symmetry (Goldst ino) . I t is then absorbed by 
the spin 3/2 gauge field of supergravity (gra-
vitino), jus t like in the Higgs model , after 
which banque t the gravit ino becomes massive. 
In addi t ion, this can occur wi thout develop­
ing a cosmological constant , due to a cancella­
t ion between terms of opposite signs. 

W h e n supergravity 2 was first discovered, it 
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was r emarked 3 t ha t the algebra of local super-
symmetry t ransformat ions did not close unless 
one used the equat ions of mot ion of the spin 
3/2 field, a p h e n o m e n o n which occurs also in 
flat space supersymmetry when auxiliary (non-
propaga t ing) fields are eliminated by use of 
their equat ions of mot ion . This si tuation was 
cured by the discovery 4 of a very simple set 
of 6 auxiliary fields, consisting of an axial 
vector A, a scalar S and a pseudoscalar P. 

This led in tu rn to the development of a 
tensor calculus 5 which generalizes to curved 
space the results originally obta ined in flat 
space by Wess and Z u m i n o . Tensor calculus 
applies b o t h to scalar and vector mult iplets . 
Since here we are interested in the coupling of 
supergravity to a scalar mult iplet , we give a 
very short summary of the tensor calculus for 
scalar mult iplets . 

A scalar mult iplet is a set of 5 objects 
B, F\ G') which have well defined 

propert ies under local supersymmetry t rans­
format ion. F o r instance 8A==e{x)x9 dB= 
-Hx)rsX, e t e The fields A, F' {B9 G') 
are scalars (pseudoscalars) and % is a Ma jo rana 
spinor. 

The tensor calculus 5 consists of two basic 
operat ions . The first is the mult ipl icat ion, 
which to two scalar mult iplets 2l9 22 associate 
their p roduc t 2=21®22. In componen t form, 
one has A=A1A2—B1B2 and so on for the 
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other components . This operation is commu­
tative and does not involve any derivatives. 
It is purely algebraic. 

The second operation is called derivation 
and associates to a multiplet I its derivative 
T(£). The third component of T(2) contains 
a supercovariant generalization of the Dirac 
operator applied on x a n < i the fourth and 
fifth components supercovariant generaliza­
tions of the d 'Alembertian operator • applied 
on A and B. 

Finally an invariant action can be obtained 
from any scalar multiplet 2 by the formula: 

In this formalism, the construction of 
invariant actions under supersymmetry trans­
formations is very straightforward and is ana­
logous to the construction of covariant action 
in curved space. 

The most general interaction between super-
gravity and a scalar multiplet which involves 
no more than one derivative on the fermi 
field and 2 derivatives on the bose field can 
thus be written as : 

rescaling such that the scalar curvature R 
appears in the pure Einstein form with the 
correct normalization. Similarly one rede­
fines the fields <pfi and x s u ° h that the kinetic 
terms of the spin 3/2 and spin 1/2 fields are the 
canonical correctly normalized terms mini­
mally coupled to gravity. 

These transformations are compatible with 
the reality of the vierbein and the Majorana 
property of the spinor fields under very 
general conditions, namely: 

^ ( z , z ) < 0 and G,zz<0 

Remarkably enough, the final action and 
transformation laws involve only the function 
<7(z, z) rather than <f> and g separately. Fur­
ther the condition G,Zz<0 also implies that 
the A, B fields kinetic terms have the right 
sign, i.e., that these fields have positive metric 
and are not ghost-like. 

The final action is given by: 

The fermionic action I°F contains the kinetic 
term of the x field and terms bilinear in 
the fermi fields <pfl and but does not contain 
derivatives of the scalar fields: 

where by definition if M = R e M+iyb Im M. 
Finally 7 I N T contains quart ic terms in the 

fermi fields (fift and x and bilinear of the 
fermi fields multiplied by derivatives of the 
scalar fields, for instance of the type (G. zdlLz~~ 
G,zd,z)e^<prfp(pa. 

This action is the most general coupling 

where the first term is the supergravity action, 
and 

wnere tne oosonic action is given oy: 

and the potential K b y : 

anm can be taken real and symmetric as one 
can show that I(J^®T{A)-A®T(J]))=0 and 
we wish to have a parity conserving model. 
The action will thus depend a priori on two 
functions of the spin 0 fields. 

where 
First one computes explicitly / as a function 

of eafi, <p„ Aft, S, P , A, B, z , F\ G'. The 
fields A^ S, P, F\ G' are auxiliary fields and 
appear only quadratically in the result. Thus 
they can be eliminated by solving a set of linear 
equations and one obtains a reduced action 
depending only on the physical fields efla, 
<plt, A, B. 

The reduced action needs still to be put in a 
canonical form, as for instance, at tha t stage, 
the Einstein scalar curvature R and the Ra r i t a -
Schwinger Lagrangian appear multiplied by the 
function 0(z, z). 

Thus one redefines the field by a Weyl 



550 J. SCHERK 

of supergravity to the scalar multiplet and 
depends upon one arbi t rary function G(z, z) 
of two real variables. It includes as special 
cases all previously derived c o u p l i n g s . 6 - 1 1 

The t ransformat ion laws of the redefined 
fields can also be computed . F o r the discus­
sion of the super-Higgs effect, we shall only 
need the t ransformat ion law of % • 

where the dots indicate cubic terms in the 
fermi fields. 

Using this very general result we can discuss 
the super-Higgs effect 1 2 ' 1 3 in a mode l indepen­
dent way. In flat space a necessary condi t ion 
for spontaneous supersymmetry breaking to 
occur is t ha t the auxiliary field F' (resp. D in 
the vector multiplet) can pick u p a non-zero 
vacuum expectation value. It then follows tha t 
ox contains a term d%=--(\/a)£+ • • • where a is 
a constant . 

The supersymmetry charge Qa does no t 
annihi late the vacuum, and a zero mass ex­
citation of spin 1/2 (Goldst ino) is seen to be 
present in the theory. In addit ion, a cosmo-
logical constant of fixed sign ( + ) is induced by 
the supersymmetry breaking. 

In curved space, Deser and Z u m i n o 1 3 used as 
a model for spontaneous breaking of super-
symmetry the coupling to supergravity the 
non-l inear Vo lkov-Aku lov Lagrang ian 1 4 which 
contains only one fermi field % transforming 
as dx=(l/a)e+iaiYft,xdttx. As 8x contains a 
(l/a)e t e rm, % is a candidate to represent a 
Golds t ino field. The presence of this te rm 
implies a negative cosmological cons tan t ; 
however if one introduces a mass term for the 
spin 3/2, ano ther cosmological constant of 
positive sign arises. Since experimentally the 
cosmological constant is very small, one im­
poses t ha t the net cosmological constant 
vanishes. One then finds13 t ha t m\=k2j6a? 
and is very small. Since 8% contains a con­
stant t e rm propor t iona l t o e(x) and we have 
one spinor gauge degree of freedom, x can be 
gauged away completely and is absorbed by the 
gravit ino which becomes massive. A massive 
gravit ino indeed has 4 helicity states ± 3 / 2 , 
± 1 / 2 . 

In our general model we can see the same 

If we require tha t the final theory does no t 
violate par i ty z 0 =<(z ) mus t be real. 

Fur the r we can impose tha t the absolute 
m i n i m u m of V is reached for V(z09 z 0 ) = 0 
which implies the absence of a cosmological 
constant , and tha t V>0 everywhere. It is 
indeed possible for V to be n o n negative as it 
contains two terms of opposite sign ( remember 
tha t G, zz<0 is a necessary condi t ion for the 
A, B fields no t to represent ghost particles of 
negative metric). 

Finally the condi t ion for spontaneous break­
ing of supersymmetry is t h a t at the min imum, 
8x contains a cons tan t t e rm times e(x). Look ­
ing at 8x we see t h a t the requi rement is t ha t 
l / a = ( e x p - G / 2 ) { G , W2) 1 / a }U=z 0 *0 . 

The condi t ion t h a t and tha t V(z09 

z 0 ) = 0 are compat ible as E v a n i s h e s precisely 
if 

in which cas< 

In general A a n d B acquire different masses. 
In the simple case where G9Z%= ~ 1/2 (canonical 

Unless G becomes infinite at tha t po in t t o o 
1J a is n o n zero. 

W h e n these very general condi t ions for 
supersymmetry breaking to occur are met , 
one can explicitly show by a further redefini­
t ion of the fermi fields t h a t x c a n be com­
pletely el iminated from the act ion and tha t the 
spin 3/2 acquires a mass given by m}, = l/6a2 = 
e~G (in k=\ units) , recovering the result 
obta ined by Deser and Z u m i n o . 1 3 I t is easier 
however to write the full act ion in the % = 0 
gauge where the Golds t ino has been "ea ten u p " 
by the gravi t ino : 

phenomenon occurring for a large class of 
functions G(z, z). 

The potent ial V(z9 z) reaches its m in imum 
for a certain value z 0 such t h a t : 
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kinetic term for A, B) one can establish the 
general mass formula: 

m2

A+m\=Aml 

which is independent upon the remaining 
arbitrary function of one variable g(z). Par­
ticular examples of functions exhibiting the 
super-Higgs effect are easily found. 

Our investigation shows thus tha t the super 
Higgs effect can take place in a large class 
of models, and that realistic models where 
supersymmetry is spontaneously broken even 
in curved space can be constructed, without 
having huge cosmological constants. It would 
be interesting to extend these result to the 
0(N) supergravity theories which once they 
are gauged, create their own potential for 
N>4 since they contain spin 0 fields. Unfor­
tunately the potentials found in the 0 (4 ) and 
SU(4) theories 1 5 do not lead to spontaneous 
symmetry breaking, being unbounded below, 
which is a disappointing result. However, the 
discovery of auxiliary fields for 0(N) super-
gravity theories may reveal more flexibility in 
this construction than originally thought, as 
similarily it was believed that the coupling of 
supergravity to the scalar multiplet was unique. 
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