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supergravi ty . Compared to convent ional gauge f i e l d s the anomalous 

magnetic moment of the spin-1 p a r t i c l e s i s of oppos i te s i g n . The 

cons truct ion of t h i s theory i s based on an N=2 supersyminetric gauge 

theory a s soc ia ted with the noncompact group S 0 ( 2 , l ) . As a byproduct we 

present a convenient express ion for the N»2 Einste in-Yang-Mil l s 

lagrangian. 
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.1. 

As is well-known, noncompact symmetry groups have quadratic Invariants 

that are not positive definite. This aspect limits their applicability 

in realistic field theories, where one must insist on states with posi

tive norm- The standard solution to this problem is to ensure that the 

noncompact transformations are realized nonlinearly. This can be 

achieved by introducing a nonlinear sigma model in which the fields 

parametrize the coset space G/H, where H is the maximal compact 

subgroup of the noncompact group G l '• All other fields are assigned 

to representations of H and not of G. The compact group H acts then 

linearly on all the fields, whereas the noncompact transformations act 

nonlinearly. These nonlinear transformations take the form of an H 

transformation, but with parameters that depend on the fields of the 

nonlinear sigma model. 

It is possible to formulate this theory in such a way that the full 

group G is realized linearly on the fields- In that case the group H is 

promoted to an independent local gauge group, so that the lagrangian is 

manifestly invariant under c rigid
x Hi o c ai' Because G is noncompact the 

kinetic term for the scalars contains fields whose contribution is of 

the "wrong" sign, but those fields are precisely associated with the 

gauge degrees of freedom of H. The gauge invariance can thus be used to 

remove these negative-metric components, which have therefore no direct 
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physical content1 J. 

A similar situation exists in gravity, where the scale factor of the 

gravitational field also occurs with the "wrong" sign. This is obvious 

if one rescales the metric in Einstein's lagrangian according to 
2 

g -»-<p g , after which this lagrangian assumes the form 

. 4 fJ R _ -lf]R4>* + J iff fiffal (1) 

The right-hand side of (1) can be viewed as a conformally invariant 

Klein-Gordon lagrangian with the "wrong" sign. However, just as in the 

nonlinear sigma models this i s deceptive; in fact $ does not correspond 

to a physical degree of freedom, because the right-hand side of (1) i s 

Invariant under local scale transformations. These transformations can 

be exploited to adjust 9 to a constant. On the other hand, (1) shows 

that the gravitational field also contains negative metric components. 



.2. 

The field $ associated with the scale factor is called compensating 

field. Such fields play a role in the context 01 conformally invariant 

formulations of gravity and supergravityl ' . The possibility that we 

will explore in this letter is that the compensating field is part of 

an entire multiplet of a noncompact group. The fields associated with 

the compact directions are used as gravitational compensators, whereas 

the remaining fields of the multiplet will correspond to physical 

degrees of freedom. In principle this will give rise to some kind of 

nonlinear sigma model coupled to gravity, but we will make the 

construction nontrivial by introducing a local noncompact group. At 

first sight, this leads to a gauge-field lagrangian of indefinite sign. 

However, this problem is avoided in N»2 supergravity, where the compen

sating field is extended to a full supermultiplet which contains a 
[4 51 massless gauge field1 ' ' (for a different solution to this problem, 

see [6]). Because of supersymmetry the kinetic term for this field ini

tially occurs with the "wrong" sign as well, but the sign is reversed 

once the tensor auxiliary field of N=2 supergravity has been elimin

ated. Thus one obtains the N»2 supergravity lagrangian with the right 

Maxwell kinetic term for the vector field. The remaining fields of the 

compensating supermultiplet are auxiliary, so that the sign of their 

contribution is not relevant here. 

Because N=2 supergravity is based on a compensating vector multiplet, 

we first consider the N-2 supersymmetric Yang-Mills theory coupled to 

conformal supergravity. For reasons explained above we will choose a 

gauge group with only one compact generator. The obvious candidate for 

this group is S0(2,l) or its covering group SU(1,1) (the latter is iso

morphic to St(2) and Sp(l)). However, it is easy to give the lagrangian 
A 

for a general group C. The supermultiplet consists of gauge fields W , 

complex scalar fields X , Majorana spinors Q^ and auxiliary fields 
A 

¥ji , where A labels the generators tA of G, and indices i,i,-- refer 

to the local SU(2) group of conformal supergravity. Our conventions are 

that complex conjugation is always effected by raising or lowering of 

indices (for notation, see e.g. [7]). For instance, the SU(2)xG 

invariant constraint for the auxiliary fields Y takes the form 

" • (2) Y*,J = IY*r. « v r„ 
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The N»2 supersymmetric Yang-Mills lagrangian in a superconformal 

background Is constructed by means of the superconformal multlplet 

calculus^ ' ' (This calculus has been reviewed in [8]). After various 

manipulations we find 

• jayr^ ^ t j ^ / V a » ^ 

- i « ^ ^ <i «V ^ fcsi,x * x ̂  x<) 
* >.. C. ) 1 (3) 

where g i s the gauge coupling constant; the fields of the vector 

multiplet are written as Lie-algebra valued expressions, e.g. 

X = X*iA , X*-- X * # ± A . (M 

The overall sign adopted in (3) is such that for compact generators 

(tr(tAtA) < 0) the kinetic teims have the conventional sign. The super-

conforoal fields are the vierbeln and gravltlno fields e * and 4> , the 

chlral U(l) and SU(2) gauge fields A„ and t^1», a Majorana splnor 

doublet x » a tensor T[ a D]
 a n d a scalar field D. In (3) we have 

also used the definitions 
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£.» £:•£; = ^K-K^r-i)Lwr,w*) (5) 

The spin connection field <»>„ contains <l»-torsion, and R is its asso

ciated curvature scalar. 

The action corresponding to (3) is invariant under all superconformal 

transformations, such as dilatations (D), chiral SU(2) and U(l) trans

formations, and Q and S supersymmetry. Some of these invariances may be 

exploited to remove some of the fields in (3), and to establish that 

such lagrangians are gauge equivalent to Poincaré supergravity, 

possibly coupled to some matter multiplets. An indication that such a 

phenomenon is in fact possible for (3) is indicated by the fact that if 

we adjust tr(XX ] to a constant by means of a local scale transfor

mation, the lagrangian (3) contains precisely the standard kinetic 

terms for the graviton and gravitini. Hence the degrees of freedom 

associated with tr(XX ) may act as a compensating field for scale 

transformations in a way that we have explained in the introduction. 

Note again that a "correct" sign for graviton and gravitini kinetic 

terms is accompanied by a "wrong" sign for the compensating field. 

At the moment it is not yet necessary to specify the gauge group, so we 

proceed to derive the general Einstein-Yang-Mills lagrangian. It turns 

out that the compensating field mechanism outlined above does not yet 

suffice in this case to derive the Yang-Mills-Einstein lagrangian, 

because the lagrangian (3) alone will lead to inconsistent field 
(91 equations. This can be remedied in various ways1 ' by introducing a 

second compensating multlplet. Here we choose the option of using the 

"nonlinear" multlplet, which contains the fields (• a, \j,
 M M < I > V ). 

The scalar fields in * a parametrize elements of SU(2), and can there

fore be used as compensating fields for the chlral SU(2) group. Hence • 

is restricted to the unit matrix, in which case there is no longer a 

distinction between indices a, (J, .. and i, j, •• . Prior to this, one 



.5. 

has the option of letting * transform under an Invariant SU(2) or S0(2) 

subgroup of the full group acting on the indices a, f}, .. . This will 

lead to "gauged" N=2 supergravity or to a Fayet-lliopoulos term, 

depending on whether the gauge field(s) associated with this subgroup 

belong(s) to supergravity or to the matter multiplets. We denote the 

corresponding multiplets by (X g, Q^ot fi/*»}» ̂ l^s) an<* introduce a 

separate coupling constant g' to indicate the modifications in sub

sequent formulas. The final Einstein-Yang-Mills lagrangian will in 
2 

general have a cosmological term of order g' . 

Apart from these details the net effect of the introduction of the 

nonlinear multlplet is that the superconformal field D is expressed in 

terms of the spinor \ j , the complex scalar M i ^ , and the vector field 

V . To substitute the resulting expression in the lagrangian one needs 

-sit 4 ( , ^ , ' . a i j r ;
j V . p 1 . « r . T " ^ j +**iX

i 

• i % crA-^oi '" . , J ; *+• v/j iJ .i % --.T-'i fj. 

J (6) 

where f($) is some arbitrary function of the fields involved, and 
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In (6) we have dropped a tota l divergence. 

Combining (3) and (6) with f ($ ) - t r ( x x * ) , we nay now sca le tr(XX*) to 

a constant to obtain the lagrangian for Einstein-Yang-Mills supergra-

v i t y . A second condit ion may be imposed on the splnors by exp lo i t ing S 

supersymmetry, and we remind the reader that we have already removed 

the loca l chiral SU(2) invariance by r e s t r i c t i n g the f i e l d s * of the 

nonlinear mul t ip le t . Hence a l together we have the gauge condit ions 

ir(XX') = 1 , ( * » 

IrtXSi')* O , (S) 

¥« r l \ (SUU)) (10) 

The second condition, which reduces the supersymmetry variation of the 

first one to zero, is convenient because it suppresses the mixing 

between spln-3/2 and spin-^ fields in the kinetic terms of the final 

lagrangian (in the context of N-l such gauge conditions have been 

studied in [10]). 

The field equations for the auxiliary fields can be substituted into 

the full lagrangian. Ignoring the optional SU(2) or S0(2) gauging of 

the nonlinear multiplet the relevant equations are 

^••iWn^-i^j^fr^). (11) 

where we note that the first equation determines the chiral U(l) gauge 

field V - However, none of these equations breaks the U(l) gauge 

invariance, so that at this stage this symmetry will remain preserved. 

Of course, we may always break It by Imposing another gauge condition 

on the fields X. 

Using (8)-(11) the lagrangian takes the form 

(8) 

(9) 
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(12) 

where the derivatives ö are equal to those given in (5) without the 

U(l) and SU(2) gauge fields V and ?M,. We should add that the fields 

X and Q are still subject to the conditions (8) and (9). This result 

now represents the general lagrangian for N»2 Einstein-Yang-Mills 

supergravlty based on a quadratic form. As we have discussed recently, 

it is possible to generalize such lagranglans on the basis of arbitrary 

functions of chiral super fields' ', but this is soaewhat outside the 

scope of this work. 

In order to ensure that all kinetic terms have the correct signs, pre-
2 

cisely one of the generators aust have a different sign fcr tr(tA ). 

Usually this is achieved by introducing a single abelian aultlplet 

where one can adjust the sign at will. The novel feature of the aodel 

that we are about to present is that this generator is part of a nona-

bellan group. Naaely we choose the group S0(2,l) which has one coapact 

and two nonconpact generators. By changing the overall sign in the 

lagrangian we then obtain a compensating kinetic t e n associated with 

the coapact generator with the "wrong" sign, and two kinetic teras 

associated with the noncoapact ones with the "correct" sign. As 

explained in the Introduction we should thus end up with a lagrangian 

that is of the "correct" sign for both the gravitational and the aatter 
aultlplets. 
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The S0(2,l) generators are defined by 

[*„,*,] =-tx , L t a , t 0 ] = - t , 3 L i , , t t ] * t 0 , en) 

and to take care of the overall change of sign in the lagrangian we 

define the trace over these generators by 

irti.')= 1 , irH,1) = MiS) = "J , (14) 

where tg is now the compact generator. It is straightforward to write 

the Lie-algebra valued quantities on this basis, e.g. 

r- yu. * x'*t, * x"ta , cis) 
so that (8) assumes the form 

(16) 

A field configuration that satisfies (16) leaves only the compact S0(2) 

subgroup of SO(2,l) invariant. Therefore the gauge fields associated 

with the noncompact generators acquire a mass. It is thus convenient to 

impose an additional gauge condition on X with respect to the noncom

pact gauge transformations. For instance, X may be expressed in terms 

of a complex field a and two real fields A and B according to 

X * «, (t. • i A iy • £*Bt, ) . (17) 

The field Z • A - IB now transforms under the S0(2) subgroup as 

2 -* Z ' - " p {if A') Z , (is) 

but Is inert under the scale and chlral U(l) transformations of the 

superconformal theory. The condition (16) now amounts to 

1*1 = TZm ' (19) 

Note that (16) implies |Z| < 1. 
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It is not difficult to evaluate the scalar field potential 

This potential has an absolute minimum at Z»0, with zero cosmological 

constant and no supersymmetry breaking. 

As is shown In (12) the kinetic terms for the gauge fields come from 

two sources. At the minimum of the potential the second term contains 
0 

only the "graviphoton' field strength F , and this term is responsible 

r ° \2 
for reversing the sign of (F J . Let us redefine the gauge fields as 

3 A - i^ty" , */A" « }Lw/+iW/) , (2i) 

with corresponding field strengths 

£„("') = ty+rnföH'-fa + Gi^Wf-, (22) 

where B„ is the graviphoton of N*2 supergravity, and W ~ a complex 
2 

(massive) gauge field. The terms in the lagrangian proportional to F 

then read 

u^^FFIB)(2Fr(^).2*Fr(^)) 
* ' (23) 

The charge which measures the coupling of the graviphoton B to W (and 

by supersymmetry to all matter fields) is thus equal to /2g. A charac

teristic difference with charged vector bosons in the standard gauge 

theories is that the anomalous moment is of opposite sign. This origi

nates from the noncompact nature of the gauge group, in particular from 

the sign in the last commutator of (13). 
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To determine the masses for spin-0 and sp in- l f i e l d s we must a l so give 

the k inet ic terms for Z with the corresponding in terac t ions with the 

S 0 ( 2 , l ) gauge f i e l d s . The resu l t takes the form 

(24) 

where 

^°Z = Q - Üi^ \)2L . { 2 5 ) 

This theory describes the coupling of N=2 supergravity, with a gravi-

ton, two gravitini and the graviphoton, to a charged massive vector 

multiplet. The latter is based on the charged boson fields W and Z, 
+ 1 2 

and the chiral components of the charged Dirac fields Q j * 2j - iQj , 

Q i * Q 1 1 - ia (remember that the spinors associated with tg are 

eliminated through the gauge condition (9)). This represents precisely 

an N=2 massive spin-l multiplet with central charge, whose associated 

gauge field is the graviphoton. The central charge thus corresponds to 

the S0(2) generator tQ. In N»2 supersymmetry gauge transformations 

enter in the commutator of two supersymmetry transformations with para-

aster 

where X is the scalar field of the corresponding gauge multiplet. In 
0 

the S0(2,l) theory it is the X component that acquires a vacuum expec-
0 

tation value. Therefore A will remain as the relevant central charge 

[121 
transformation for the states of the matter multiple1 >. There is a 

typical relation between the mass and the charge which must hold for 

this matter multlplet, namely 

M - *% X" , (27) 

where / 2 g and M are the charge and the mass of the matter m u l t i p l e t , 

and K i s the gravitat ional coupling constant which has been put to one 

in th i s paper. As I s well-known, t h i s r e l a t i o n g ives r i s e to the pheno-
1131 

menon of ant igravi ty « •• 
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We close with some comments regarding the coupling of supersymmetric 

matter to this theory. As was clearly indicated by our derivation of 

the Einstein-Yang-MijIs lagrangian it is straightforward to introduce 

additional gauge fieLi multiplets to this theory. Precisely as for the 

more conventional N=2 supergravity theories the gauge field lagrangian 

may be based on an arbitrary gauge invariant function of the Lie-

algebra valued fields' '. If the corresponding gauge group contains an 

invariant SU(2) or S0(2) subgroup one can introduce a Fayet-Iliopoulos 

term. This term will give rise to a cosmological term ano corresponding 

SU(2) or S0(2) gauge fieli interactions with the gravitini. However,the 

graviphoton cannot have a minimal coupling to the gravitini. To intro

duce scalar multiplets is much harder. First of all a single scalar 

multiplet cannot couple to S0(2,l), so that it is not possible to in

troduce a coupling with the graviphoton. Even if this were the case, 

the corresponding kinetic terms would not be positive definite. 

However, it may be possible to use an independent gauge field in order 

to realize the local central charge transformations for the scalar 

multiplets separately. 

In principle extended supersymmetry severely restricts the variety of 

invariant matter couplings or the nature of the scalar field poten

tials. Our results show that the techniques of multiplet calculus can 

reveal the possibility for new theories with an unusual structure. The 

theory at hand is one such example, which, unlike the standard N=2 

lagrangian, cannot be viewed as a truncation of one of tne higher-

extended supergravity theories. 
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