
'«г ^ 

• W 

3' 
1 * $ 

- *3 ? 

**** . 
* ' « 

Ji" * 

* • ; • » * 

' М (I* 

А * 

« М ^ 

% г 

т&ъ-. 



I~tb->^ е.. . Ь- т\- С Ч 

1. Introduction 
There are several vera lone of И«1 supergravity: minimal 

(12+12 flelde), non-minimal'2'3'' (20+20 fields), new minimal' 4' 
(12+12) and, finally, the flexible (28+28) one which we propose in 
this paper ( see also' ' ) . They differ in their auxiliary field sete /5/ as «tell as in their intrinsic geometries '. In the absence of matter 
the auxiliary fields vanish on -ehell, and it Is clear that all the 
versions are equivalent. In the presence of matter, however, the 
auxiliary fields are expressed in terms of the matter fields in va
rious ways. Does this lead to different effective interactions? Are 
there essentially different mechanisms of supereymmetry breaking in 
those versions of supergravity? 

These questions are intensively discussed' ' поя in connection 
with the possible applications of N«1 supergravity in the phenomeno-
loglcal models of grand unification (see '*' and references therein). 

The present paper Is also devoted to this problem. The geomet
ric approaoh' 5 , 1 0' (see also' 3') developed earlier allows one to dis
cuss and compare the different versione of N«1 supergravlty on a com
mon basis. The main results of the paper are listed here. 

1) The most restrictive version of N«1 eupergravlty is the new 
minimal one. It demands R-eymmetry In matter couplings because of 
its local U(1) invariance (or, equlvalently, because of a rigid cons
traint on the supergravity prepotentiaIs'' ). We propose here a new 
version with 28+28 fields which we shall refer to ев the flexible 
one. It le obtained by relaxing the new minimal one. In other words, 
a Lagrange multiplier la introduced producing the above-mentioned 
constraint for the new minimal version when there is no matter'". 
In the presence of matter, however, the Lagrange multiplier appears 
in the matter sector as well. This leads to a modified ("self-adjus
ting" ) constraint the form of which is influenced by matter oouplings. 
This explains why the flexible version allows the same types of mat
ter oouplings as the minimal and non-minimal ones. Notice that the 
Lagrange multiplier introduced is at the вате time a gauge compen
sator for the local U(1) symmetry of the n*w minimal version. This 
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i s another explanation of the increased versati l i ty of the f lexible 
version. 

i i ) It has recently been shown that the old and пен minimal and 
the non-minimal versions are mutually equivalent for It-symmetric mat
ter Lagrangians' . However, the importance of R-noninvariant matter 
couplings i s evident beoauae the R-aymmetry can be broken by anomali
es in the quantum case. At the same time there i s a oommon belief 
/6,11,12/ t n a t l n t h e non^ninimai supergravity R-non-invariant matter 
couplings are impossible because of the absence of a proper chiral 
density for the euperpotentials despite such a density has been men
tioned several years ago'- 3'. In the present paper яе rederive a den
s i ty of this type and obtain the corresponding auperfield equations 
of motion for a general R-non-invariant euperpotential. The consis
tency of theee equations is proved. The auxiliary f ields do not pro
pagate and are expressible as combinations of matter f ie lds in a Lo-
rente-invariant manner. 3o, the non-minimal version i s not more re
strictive in matter couplings than the minimal one. 

i i i ) In the f lexible supergravity a similar chiral density oan 
be constructed with the help of the Lagrange multiplier (Just the
refore the matter f ie lds become involved in the constraint mentioned 
above}. Therefore the flexible version also admits general R-non-
-invariant matter couplings. 

It i s wrothwhile to make the following comment concerning both 
i i ) and i l l ) statements. The chiral densities obtained have some ви
ре rfie Id in the denominator. Then one must have a non-vanishing 
supercosmological term. At the same time the oosmological terms in 
X-epace can vanish because i t obtains also a contribution opposite 
in sign from a spontaneous supersymmetry breaking ten» in the master 
seotor / 1 3 / . 

iv) It has been shown' 1 *' 1 " that the inclusion of the Payet-
Iliopoulos term in eupergravity in a certain way implies R-invarian-
ce. Here we propose another possible way of incorporating the FI-
term with i t s local 0(1) lnvarlance hut without R-lnvarianoe. This 
can be done in the flexible and non-ainimal eupergravity but not in 
minimal and new minimal. Careful checks are s t i l l required to make 
sure the construction suggested does not lead to d i f f i cu l t i e s . 

The paper i s planned as follows. In section II we recall some 
basic elements of the geometric approach to eupergravity' * ' . Then 
we introduce the very useful oonoept of "building blocks". There are 
soma simple determinants of derivatives of the eupergravity prepo
t e n t i a l having homogeneous transformation laws. Playing with the 
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blocks one can easi ly construct densit ies, actions, etc.,avoiding the 
use of -the elaborate machinery of differential geometry* Section III 
examines the various types of matter terms In the different aupergra-
v i ty versions. In particular, the ohiral densities for the non-mlnl-
mal and flexible suporgravity are discussed, and the new PI-term Is 
described. Section IV i s devoted to a detailed examination of the 
superfleld equations of motion for non-minimal supergravity coupled 
to general non-R-invarlant matter. Finally, seotion V contains a 
summary. 

I I . fleometry. "Blocks'1, and Action Formulas 

II.A, Geometry of №1 aupergravlty 
Hare we shall briefly recall some necessary information about 

the geometric formulations of the various N-1 supergravity models. 
More details can be found in R e f s / 5 , 1 ° ' . 

Consider the complex superspaoe 

or 

-- ft?= лл *•; %*)}; •*:> Фгу 
(2.1) 

H ~ ы /T V / ¥ 

Here Z and £r* are left- or right-handed parametrlaations of (L . 
Further, introduce the following "triangular" gauge groupt 

Р$?=#(ЬА), (2.2) 

It leaves invariant the "ohiral" auperepaoe 

c"Vi*= с v t 

! The real (physical) superspaoe is defined ав a hypereurface in (i i 

^ч--{гн--(х"Х^}' (г ,4> 

where 
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Г#иХ/« = Н*(х,9,Ц ' ( 2 , 5 > 

The auperfunctions determine the ehape of the hyper-
eurface. After imposing a dynamioal postulate (action principle) 
they become the supergravity superfields (prepotentiala). 

The group (2.2) corresponds to conformal supergravity. Using 
superdeterminante (Berezinlans) one can impose the following rela
tione between the transformations of the volume elements of t 
and (L : в 

These define subgroups of (2.2) corresponding to the various N*1 
Einstein supergravities' "*'. Depending on the value of the Oates-
Siegel parameter ft. ' one can distinguish the following three oases: 

i ) Л-г-4. . Aooording to (2.6) in this case 

Bez(lML\^l (a.?) ЖН *&' ' ,*№ _ л i . e . the supervolume of L ie preserved. The parameter^ .0' in 
(£.2) remains unrestricted, so the pre potentials // , H can be 
gauged away, and one i s left with И only. This i s the case of mi
nimal supergravity (12+12 f l e l d s / 1 , 3 , 1 0 / . 

i i ) П~0 . How 

i . e . the supervolume of L i s preserved. In this case there remains 
local U(1) invariance in the Wess-Zumino gauge ' 5 » 1 6 ' . It causes prob
lems when trying to write down an invariant action. The f irst way to 
deal with this problem i s to impose a constraint on the prepotenti
als H*tHl}Hf'* It has a c le ir geometrioal meaning. In the oaae n=0 
(and only in i t ) the Berezinian of changing variables from the l e f t -
to right-handed parametrization of С (see (2 .1) , (2 .5) ) 

u* *«(tir (2,9) 
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Is invariant. Indeed, 6 1 ^ and d i?/j are invariant (see (2 .8 ) ) , and 
on the hypersurfaoevrelates them to each other, d Zt-tfd гя . The 
constraint on V i s 

V - i , (2.10) 
It reduces the number of f ields to 12+12 again and leads to the so-
celled new minimal supergravity'*'. notice that the local U(l) inva
rlanoe remains in th i s version of the ft - 0 theory. 

As shown in Ref.' , there i s an alternative approach to the 
case fta0. The looal U(1) Invarlanoe oan be compensated by intro
ducing a real peeudosoalar compensating superfield ^fv, £>,$/. It 
transforms as followst 

tf's (?+t(e-z). (г-н) 
(The ohlral superfunctions-parameters с , T are defined in (2.18)t 
the first component of j - ( £- X ) is just the U(1) parameter). Thus, 
the number of fields beoomes 28+28 (20+20 in H* k* Pi 8+8 in у ), 
no constraints are Imposed, no looel U(1) Invarianoe is present. This 
Is a new, "flexible" version of the "new minimal" supergravlty (or 
rather, the latter is a truncated version of the former). As we ehall 
see In what follows, this version is more versatile in matter cou
plings than the new minimal one.In other words,the flexible formula
tion restores the equal rights of the new minimal version as a member 
of the family of non-minimal supergravities. 

ill) nt-1,0 «In this case we have the 20+20 fields of the 
so-called non-minimal supergravities' ' . 

Here we would like to make the following comment. Another widely 
used scheme of classification of H-1 виреrgravltlee Is the one based /17 V on compensating oonformal supergravity with various multiplets' "•-", 
Thus, the minimal supergravlty corresponds to a chiral compensator, 
the non-minimal version - to a complex linear one. the new minimal 
version - to a real linear one. As is shown in' ', the flexible 
supergravlty a-so belongs to this sohene with a relaxed linear mul-/14/ tiplet* '•" as a compensator. 

II.B. Building blooks 
The standard way of describing the Invariant properties of the 

curved superspace IR ч is to develop the formalism of differential 
geometry, i.e. to introduce supervierbelns, connections, oovarlant 
derivatives, torsion, and curvature. All this can be done in the sche
me described in section I I . A / 1 0 ' . However, for a number of practical 
purposes, such as writing down actions, one oan avoid using the whole 
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machinery. Instead, one can introduce a fen objects with simple trans
formation properties ("blocks") and then construct various quanti
ties out of them. 

We begin with defining the basic differential operator in the 
framework of sect. II.A. It is the spinor derivative'5' 

of a scalar superfield 9V:g)j»ith respect to *fL (in the right-handed 
parametrization X^X^iH* 9^= g1* , ФЛ&Ък'* • e e e 

(2.5)). Here _ r\ ..я. п 

(иЯи)т«,С^^К СилH)/,SM«H™ 
It i s easy to check that Ц г transforms homogeneously under the 
group (2.2) , (from there on we consider only infinitesimal parame
ters): „ - . 

In the case У) = - i - (minimal eupergravlty), where H* and / ^ a r e 3 г absent, the role of [J is played by ^^(2.13)1 

%<!>)=-fa A') 4, 9. 
notice the following algebraic properties (moet easily proved 

in the right-handed basie inj^^i 

ow we come to the definition of our 
(2.15) 

Now we come to the definition of our basic building blocks. 
Consider the quantities 

(2.16) 

They transform infiniteeimally as follows 

Here 
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I if 
I V • 

The Einstein subgroup condition (2.6) becomes in these terms 

(зм)1=2ме. < 2 - i 9 ) 

The Bereziniana of changes of variables between different bases 
in |f? "are expressed in terms of the blocke in the following way 

We are going to make heavy use of the blocks defined above for 
constructing various quantities given their transformation properties. 

И.О. Action formulas 
Now it is very easy to find the general action formula for all 

Л, (except fl = 0 )• И 1* eimply the supervolume' * " 

and it says that our hypersurfaoc is the minimal one. The density 
must compensate the transformations of the volume element: 

<^Е--*Е. ( 2-2 2 ) 

Such a quantity can easily be built from the blocks (2.17) (taking 
Into account (2.19)) 

E-A (вв) Z £CJ £ . < 2 - 2 '> 
Ae can be expected, at /ir-J. the blocke С С containing 
disappear. 

The formula (2.23) Is valid for П=0 ae well but (2.21) ie not 
an action any more, An indication of this is the dropping out of the 
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block /f • The latter la the only one which contains the scalar curva
ture ав a component field. In the oaae И- О the supergravity action 
can be written down In one of the following two wayai 

l)rt=0» new minimal supergravity. Taking into account the con
straint (2.10), (2.20) and (2.23) one finde 

Therefore 

i.e. the supervolume of ̂ W * vanishes In thle oaee' 1 5» 1 1', and we 
cannot иве it to write down the action. However, there ia an action 
of the forn/ 1 1 / *> 

It will bt> invariant if the quantity J- traneforma according to 

Indeed, taking into account "\Jz£ we have 

Such a quantity can uniquely be built out of the blocks, 

^A(/I^B)%(CC)'V\ < 2 - 2 8 > 
Notice that the important "kinetic" block A is again present in 
(2.26). 

ii) f \ - 0 t the flexible supergravity. As we have explained in 
sect. II.A, in the flexible aupergravity we lift the constraintT/=.£. 
Then the action (2.27) оеаввв to be invariant-. The U(1) gauge compen
sator (2.11) introduced above is used to restore the Invarianoe. 
The Integral 

It is worthwhile to note that the aotion (2.26) can be obtained from Bq. (2.21) by taking the limit l)-*0 №1 and imposing the constraint 0-1. 
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i e invariant (рХ€н-р*1ф) = - в(%)) a n d t h e a c t l o n Ьесотев / 5 / 

s te"-- <9 №Ф *<bfi4+ir*flis-.-d. "•»' 
It i s important to realise that the compensator ty appears in 

(2.30) as a Lagrange multiplier. №e variation of ^ produoee the 
equation of motion 

У ^ = 1/~% (2.31) 
whioh coincides with the constraint (2.10) . So, on-shall and in the 
absence of matter the flexible aupergravity is equivalent to the new 
minimal one. The substantial difference between the new minimal and 
flexible supsrgravlty beoomta clear in the context of matter coup
ling which i s the subject of the next section. 

III . Matter Coupling in Я»1 Supergravlties 
There are several kinds of globally aupersymmetrio matter ac

tion terms which are of interest for possible phenomenological appli
cations' ' . They arei 

1) The kinetic term for chiral matteri 

*lh У _ (3.1) 

It can be generalized to the non-linear 6" -model-type action' ' 

•• /23 / 
The latter has the Kahler lnvarianoe 

owing to the property of the f lat superspace integral 

U *Z ZCP) =/</ **г ZrCVbj) * 0. (3.4) 

2) The potential term for ohiral matter: 

) The Yang-Mills term 
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Here 1^ i s the (ehiral) fleld-atrength of aome Yang-Mills gauge pro-
potential V± , £ J Is some function of the ohlral matter auperf lelde 
<p , and с i are Indioee of the adjoint representation of gauge 
group, 

4) The Feyet-Illiopoulos term 

where V *e the prepotential for an additional U(1) gauge invarlance 
and J measures the aoale of superaymmetry breaking. Equation (3.7) 
i s invariant under U(1) gauge transformationв 

fV^l(A-A) } ЪцЛ-0 ( 3-8 ) 

ав the flat space integral over IR ' vanishes if the integrand is a 
chiral auperfieId (3.4). We would like to emphasize a deep analogy 
between the Kahler (3.3) and U(1) transformations. This analogy re
mains valid in aupergravity and it «rill be used below in Seot. III.C. 

In the present section we shall generalize the above matter cou
plings to the case of local oupersymmetry (i.e. the curved super-
space ). 

III.A. Kinetic terms and Kahler invariance 
We shall begin with an extension of the kinetio term (3.2) for 

nupergravity versions with /1 + 0 . By analogy with the minimal case 
A)=-£ ' 3 » " » " it can be written down as (the eupergravity action 
itself is also inoluded) 

, ^ = feJJhEeyfr^kW)). (3.9) 
Here Ф ф are covariantly chiral superfields 

The remarkable peculiarity of the action (3*9) oonnints in i t s inva
riance under Kahler transformations of кСфф)keeping exaotly the 
same form (3.3) «rhloh they have in the flat super*pace. The Kahler 
traneformat ions 

are aooompanied now by the supor-Weyl ones. For the latter one has 
to relax the group oondition (2.19).In the presence of matter i t has 
to be replaced by 
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Taking Into account (2.17), (2.23) and (3.11), It ie easy to check 
that 

fE~-[r+*xltC<pjjE ( 3 ' 1 2 ) 

and that the action (3.9) Is Invariant under transformations О.Э') 
and (3.12). 

However, the kinetic term (3«2) oan be generalized alao In other 
ways. One oan, e.g., use a straightforward generalization (we Include 
again the supergravlty -otion) 

Evidently this action has also the combined Kahler-Weyl invarianoe. 
Howover, the latter comeв поя in a slightly modified form 

A oomparieon of (3.3*) and (3.13) shone that In the first case the 
Kahler metrioo Q - в^йляж- ooinoidea with the one in the flat euper-
apace limit while In the aecond оме а'-З—^ГЛ-^Ь+п^хфЗ!}] and 
this oolnoldenoe is absent. Therefore, it is just the action (3.9) 
that oorresponda to the simplest Interaction of supergravlty with 
master fields. (For the minimal version, П-- 3- , this fact нее 
mentioned in /H.24/). S 

Коя we shall prooeed to the Y\~0 oupergravity versions. The 
following generalizations of the kinetic term (3.2) preserve the 
Kahler invarianoe of the flat case 

I) The new minimal versioni 

There is no need hare to oombine the Kahler transformations with the 
tteyl ones. Indeed, In this version lj~l , so 

II) The flexible supergravity (the aupergravlty self-interactIon 
is included) 

S~~kJ^EV*£e»f+ty+*Lk(y$j]+ их. <3-15) 

Here the Kahler transformations (3.3) have to be accompanied by the 
transformations of the Lagrange multiplier 
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(3.17) 

JtM 4>--ci>elL'ec<?>)-'C(<PJ]. (3.16) 
Then the action (3.1?) i s invariant under (3.3*) together with 
(3.16)« 

Therefore for a l l the supergravity versions one can arrange such 
an interaction with non-linear (5~-models (3*2) which preserves the 
Kabler invariance of the la t ter . 

III.B. Chlral densities and superpotentials 
The superpotential term (3.5) requires special oars in a super-

gravity background. In general, one has to insert a density 2) in 
o.s>-'. 

It must transform as follows. 
(^g)^-0b (3.18) 

to compensate for the transformation of the_volume element of <L 
(see (£.18)). Further, 2) «fust be chiral. Ел0 -0 and must have 
flat limit 1 (because (3.5) has to be recovered at ae-i 0 ) 

#£0=4.. ( 3 , 1 9 ) 

If such a density is not available, the potential 
1(9) 

and, 
respectively, ф must be densities themselves. This means that only 
monomials in Ф are allowedi 

p(qO*cplf ̂ ф г - ^ 9 . (3.20) 
This in turn Implies that К(<%ф) in (3.10) oannot be an arbitrary 
function of Ф, Ф . So, the lank of ohiral densities leads to severe 
restrictions in the matter sector /^7,12,14/^ 

One of the main purposes of this paper la to show that such den
sities exist for most of R-1 supergravitles (except the new minimal 
one). How we proceed to a separate discussion of each oase. 

'To make oontaot with the language used in other papers we would say that the necessity to have * density in (3.17) corresponds to the assignment of the "Weyl weight 3 in an f - type formula" (see /6/ and references therein). 
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1) She minimal eupergravity. According to (2.7) eA jfo i e Invari
ant in this oaee, so no density la In fact required. Therefore the 
euperpotentlal Is given by 

It Is instructive to rewrite Eq. Г3.22) as an integral over 

= Wr§,Bn($)fW+li.c. , M , ) 

( tf*-0* l n *he minimal oase). Using (2.20) one finds ( C=i here) 

Here Q(&) ̂  •f §l !• the Qrasamann «/^-function. 
Owing to the properties of (f(§) suoh a representation of the 

potential term is useful in the supergraph technique. We woulG like 
to mention that the variation of (3*23) Kith respect to the gravi
tational auperfield f-fM is easily shown to vanish (the ohiral su-
perfield £ depends on ^'rX'Vt //* )• This means that in the 
minimal case the euperpotential does not contribute to the вире roar-
rent defined by the Hilbert prescription! 

7 _ <ГГ 
* ~ ~7ГИ* ' /25/ 

This generalizes the analogous statement for the flat superspace . 
11) The non-minimal eupergravity. In this case the density ln 

(3.16) is indispensable. It le not hard to check that the following 
expression can play this role: 

<2)=-£££_. (3.24) 
Here T- is a quantity with the transformation law 

№•=-££. (3.25) 
Correspondingly i t can be constructed out of building blocks as 
follows у±н_ 

Taking into account that •£ i s chiral ( Cfc^O ) , and also (2.14) 
and (2.19) one sees that (3.17) i s fu l f i l l ed . Obviously, 0 i s ohi
ral (see (2.15)). f inal ly , f=i+0(se) . "° 
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The Integral (3.16) filth D (3.24) can be rewritten l n ^ ^ i 

=U\Шг-•>»•'•-№ ^ f e *'•* 
'VPtnF J VP***- (3.27) 

о с p *••* f 
*g -Si- Г ЯГ» + ь /, 

Here (2.12), (2.20), (2.23), (3.26) are used. With the help of (2.14), 
(2.19), (3.25) one oan see that the quantity 

R-=. f 3**, pp&rf <3.28) 
1B a scalar satisfying the modified chlrality condition 

Then (3.27) becomes 

f* £ h (3.30) 5;:r-// 
A similar expression exists in the minimal case,too. 

The appearance of the denominator In (3.24) or (3.30) may lead 
to singularities. To avoid this one has to always use a potential JE 
starting with a constant texm (the superoosmological constant }. Then 

R will not cause singularities (see (4*6) below). 
Although the form (3.30) of the superpotentlal term has been pro

posed a long time ago' « In the literature doubtв have been cast on 
the existence of arbitrary ohlxal potentials In the non-minimal super-
gravity r11,12/( However, the corresponding density does exist. At the 
same time the expression (3.30) (or (3.24)) Is r»ther complicated and 

* ; This is compatible with the vanishing of the x-spaoe oosmolo-
gloal oonetant because the latter obtains also a contribution of the 
opposite sign from the spontaneous supersymmetry breaking term in the 
matter sector /'3/. 

14 



a careful examination Is needed to make sure that i t leads to meaning
ful and trouble-free Lagrangians. We are going to do this In section 
IV using the Buperfleld technique. 

i l l ) The new minimal supergravity. In this case a density of the 
type (3.24) cannot be constructed. Indeed, playing with the blocks 
(2.16) one can only build the quantity -f (2.26) but not -f with the 
transformation law (3*25). The reason Is that if an f (3.25) ex i s 
ted, then fP'1 could be used to compensate the local 0(1) invariance 
in the theory: ffF4?. (l~?) Ff'1 , of. (2.11)) . Therefore the 
new minimal version i s the only one not allowing general oouplings 
to chiral matter. The remedy for this i s provided by; 

iv) The flexible supergravity. In this case, as explained in sec
tion II , the necessary U(1) gauge compensator ^(2 .11) i s introduced. 
Combining it with the quantity -f (2.26) one can construct a quanti
ty f0 (the naught stands for Л-0) of the type (3.26): 

Then a density like 2> (3*24) can be written down 

Putting together the eupergravity action, the chiral matter kinetic 
term (3.15), and the potential term (3.16) one finds the following 
f u l l action 

We stress the following Important feature of the flexible eupergra
v i ty . The variation of (3*33) with respect to the compensator f 
gives the following equation of motion (we omit the straightforward 
calculation) t 

-f-

Now, we compare this equation with (2.31) obtained In the absence of 
matter. If the latter leads to the constraint U»1 of the new minimal 
supergravity, the new one produces a modified constraint in which 
the natter fields take part. Hare is the crucial difference between 
the new minimal and flexible eupergravity. The former employe a rigid 
constraint regardleee of the presence of matter whereas in the latter 
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the constraint i s "self-adjusting" to tbe matter sector (with the help 
of the Lagrange multiplier ip )• Thia explains the greater versati l i ty 
of the flexible version in matter couplings. 

I I I .С Pavat-IllopoulOB term 
The ccvariantiaation of the Yang-Hilie term (3.6) oauses no prob

lems, because W* Wu.{ *в the density needed Itself . 
The Fl-term (3 .7 ) , however, i s not во easy to generalise. In the 

f lat case i t possesses the U(1) gauge invarianoe (3*8). If one ins i 
s t s on preserving th is Invarianoe in the supergravity background, 
one can apply the trick described in section III.A. There Kahler 
transformations were compensated by super Weyl transformations. We 
have mentioned above the analogy between Kahler and U(1) invarlanoes. 
Consequently, to generalise tbe Pi-term i t i s sufficient to sub
stitute к(<Р,Ф)-*? V "CCty+ifAfat.) in formulas seot. III.A. 
E.g. for 1*0 versions t 

while the group restriction (2.19) becomes 

(1^1)1-г*е-2к1^А' ( 3 , 3 6 > 

However, in this approach, the problem appears in the superpotential. 
There У is not present, and the Weyl-transfomatlons of the gravi
tational euperflelds remain non-compensated. Thla implies that the 
superpotentlal must be R-invarient' . 

As is explained In section III.A, in the new minlxaal supergre-
vlty the form of Kahler (the вате applies to 0(1)) invarlance re
mains unohanged. There, however, the R-lnvariance of the superpoten-
tial ie a ooneaqusr.se of the coupling to aupergrevlty itself'** . 

Bore we are going to propose a completely different mechanism 
of accomodating the Fl-torm together with its 0(1) invarianoe but 
without the requirement of R-invarlance In the matter sector. This 
cen be done in the flexible and non-minimal eupergravlty only. The 
Idea is to use modified tf(1) transformations which do not .imply com
pensating super Weyl transformations. Let us consider the simply co-
variantized FI tertti 

Fn* [№*?£&• o.37) 
In the non-minimal versions it is invariant under the following 0(1) 
traneforaationsi 
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14 

Really, j ^ 

The deneity2)B*< serves to ensure lnvarlanoe of the Integral (then 
A (Si.) h > B n o "• 1e n t^« 

Analogously, In the flexible version modified U(1) traneforma-
tlone are 

Л*=i [l^A (%,)- V'i/T<&)]' (3*39) 

The question arisesi how to construct a gauge Invariant kinetic term 
for Iе- ? Our suggestion Is as follows. One should try to define ano
ther 0(1) gauge pre potential l/z V((Stf having the atandard transfor
mation law (3*35) and then construct the standard kinetic term for it. 
Here we shall give an idea how this can be done in principle (the 
flexible version (3*39) will be considered). 

According to (2.9) V y t ^ . i.e. '2Д£ г"<, <К=Ъ+» Putting this 
into (3.39) one gate 

From this one obtains 

Thus one derives a modified derivative Щ^ (£- which transforms with 
the standard inhomoganeous term C\(A, In a similar way one can mo
dify fy (A . __ 

further, one appliee to (3-41) end after some simple al
gebra obtains 

Ч-nfyuJ %-с&ь)С<+х#«) 

V (3.42) 

The same pattern i s observed» щЯ^О- transforms with the usual 
(for a standard gauge prepotential) term t^2> r f/|j,-fTOoeeding in the 
ваше way, one f inal ly arrives at the expression СГадй* . It 1в а 
modification of the l . h . a . of the equation of motion for a U(1) pre
potential (the neoeseary curvature terms are omitted for simplicity). 
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I t transforms as follows 

Here the f i r s t term vanishes (the standard equation ci motion i s gau
ge invariant) , and ^"ftijis some complicated function of 1<, . Finally, 
one is now able to define 

V=Jt _ 0 M* L < L A>a <з.44) 
which has the standard transformation law (3 .8) . 

The potential ly dangerous p ° l n * l n th i s construction i s the d i 
vision by £(ц) in (3.44). To avoid s ingular i t ies one has to make 
sure that 2.'(ц) does not vanish. This means that some auxil iary field 
(the flrBt component of ^ ) m uet have non-zero vacuum expectation 
value. In a theory with spontaneously broken supersymmetry i t i s p la
usible , but careful expl ici t checks are s t i l l required. 

IV. Consistency Checks for Доп-Hlnlmal Supergravlty 
Coupled to Chiral Matter 

In this section we check the consistency of the equations of mo
tion for the non-minimal supergravity coupled to matter in the pre
sence of a general R-non-invarlant superpotential (3.30) using the 
chiral density (3 .24) . No d i f f i cu l t i e s are found. Our analysis does 
not cover tho density (3.32) which we propose for the f lexible super-
gravity. However, i t i s rather s imilar to the one for the non-minimal 
supergravity (3 .24) . 

We shal l r e s t r i c t ourselves to the case r\~- i where the a l 
gebra i s most simple. For instance,, therein<p=t»<p(for h$--{ the 
factor f 0 . 2 6 ) appears ln the r . h . s . ) . The connection UJ^^Q, BO 
V g ^ 7 i s a covariantly chiral superfield (not a density, as I t i s 
for Лф-f ) , e t c . 

We are going to examine the fu l l action consisting of the kine
t i c term (3.9) and the potential term (3*16), (3.24). We begin with 
varying th i s action with respect to the gravitat ional spinor prepo-
ten t l a l Ц and the matter auperfield ф . The f i r s t equation of 
motion allows us to establish the values of the supergravity auxi
l iary f i e lds , the second one- to look at the self - interactIon of the 
ohiral matter superfielde. 

At the beginning we shal l drop temporarily the matter kinetic 
term ( к(ФФ)-0 ) and re insta te i t l a te r on. Recalling the expl i 
c i t expressions for £ (2 .23) and -F (3.26) we find the following 
action 
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5 = -2*г/о(*г/Г'СС + 

The variation of // In the first term Is very easy. There only 
£"(2.16) depends on ff*1 i 

<Л: = с L< м н) ~i ty Л^аг , Л v

; 

*£L№A4CC -- ±№A-'cc & M "= ( 4' г > 

= 4 / A fZ, М М ? Л V=£/«4 e/rttf. 
Here (2.20) пав used; the change of basis 2-»2 я permits eaay integ
ration by parts with |^£ %*ы J . So, this term gives a contribution 
A f c & f to the equation of motion. The variation of the other two 
terms in (4.1) prooeede along the ваше lines. The new element is the 
restoration of the full superspace integral «/J&P^V^WU*. After 
some algebra one arrives at the following equation of motion 

where __ 
d=VVt*f (4.4) 

Differentiating (4*3) by 17 е* опое and then a second time one obtains 
two equations 

-*T%W*lP-kP?'-?XuP)tl+$+'1) ^0 (4.6) 

%ст-?гсрг)ъ ^о, u-7) 

which are equivalent to (4.3) . The ohiral scalar R contains the sca
lar curvature, the У -trace of the gravitlno field-strength and son» 
complex scalar auxiliary f ie ld. Equation (4.6) expresses R in terms 
of the (ohiral) natter potential (a similar equation exis ts in the 
minimal o a e e ' 2 0 ' 3 ' ) . The epinor -£ ы contains multlplet of auxiliary 
fields only* The proof i s as follows. From the property (4*5) of t^ 
i t follows that the only non-trivial components of " ^ are 
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We are Interested In в solution which does not break the LorentB in-
variance, i . e . in which 

<f*=Atf ^ . l - f l (4.9) 
(only scalars can have a non-vanishing vacuum expectation value). 
So, we have to decompose eq. (4.7) in terms of components and cheek 
the compatibility with the solution (4 .9 ) . Taking (4.7) at £ = £ * - £ 
we get 

fe P)e FV г (PVJ^ ?*-(p VfQi Ь = о <••«» 
( ^ J0 means the value at в-S-O )• This equation is algebraic in 
if <j and is obviously compatible with (4.9). The remaining components 
of (4.7) are obtained by 3 -differentiation (the 3 -derivative of 
the l.h.s. of (4.7) vanishes identically, see (4.5)). B.g.^applylng 
2>£ to (4.7) and using (fa-O we get the equation for an auxiliary 
complex vector 

This algebraic equation has the Lorentz invariant solution A^si -0 
again. So (4.9) 1в indeed an appropriate solution of (4.7). 

Taking (4*9) into account we find that oq. (4.6) la greatly 
simplified. Its components are 

& (v ч). t tfi гп ф). + $ П = о 
and one oan see that no potentially dangerous (e.g., higher derive-
tiv.) ten» appear. -WfreT) 

How let us go baok to the kinetic term £ ftlVr/ (3.12). If 
we just insert £"*< into the first Integral in (4.1) яе run Into 
trouble. The point is that an inhomogeneoue term ЭС" 1^""^ J7 f(_ will 
appear In the l.h.s. of eq. (4.3). It will enormously complicate the 
simple analysis we have just carried out. The consistency of the new 
equation will beoome obscure If not doubtful. Therefore яе propose 
the following trick.' Instead of lntroduoting g~*ln the first term 
in (4.1) only, we substitute 

Л"'-»^Гк (4.13) 
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In all the three terms. The modified block /\ has the same transfor
mation properties ae the initial one. Then (4.1) becomes 

It is not hard to see that the blook 4~' does not participate acti
vely in the derivation of the equation of motion (4.3). Therefore we 
obtain again the same equation with just one modification! the quan
tity -f in (4.4), (4.5) should be replaced by fif"^. Thie will not 
affect the subsequent analysis. In particular, the same solution 
(4-9) to eq. (4.7) «fill be obtained but its meaning will change. 
Before we had, e.g., 

^К^П-ГХ-О (4.15) 
and now it will read 

In other words, (4.15) means that some auxiliary eupergravity field 
vanishes, and (4.15') гаеапв that it is expressed in terms of some 
matter fields. Again, we do not see anything inconsistent in the new 
equations. 

This concludes our discuBBion of the equation of motion obtained 
by variation of Ц • bet us now turn to the matter equation. Varying 
the matter superfleld <p in (4.14) we find the following equations 

where _ , 

Taking into account (4.6), (4.7), (4.9) we can write down the compo
nents of eq. (4.16) i 

frpj, - (71(И?)).+*-*(МЧА t (PPVJ, = o. 
Comparing (4.16), (4.17) with the corresponding equation in the 
minimal case and its components: 

(f'-tar'iVj.fcO; 
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We can see only insignificant (from the consistency point of view) 
changes. « 

We do not examine there the equation of motion for И • It con
tains equations for the graviton, gravitino and the second of two 
axial auxiliary fields. 

V. Conclusion 
The flexible N»1 supergravity version proposed is an improved mo

dification of the new minimal one. In contrast to the latter it does 
not imply local U(1) symmetry subjected to anomalies and it admits 
a wide clasB of matter couplings. 

The first main result of the paper is the derivation of ohlral 
densities appropriate for the integration over chiral Й* -super-
space. Using these densities one can arrange at the classical level 
R-non-lnvariant matter couplings in all № 1 supergravity versions ex-
oept the new minimal one. This fact seems to be rather important be
cause the R-invarianoe has to be apparently broken at the quantum 
level by anomalies (like the local U(1) symmetry above). 

The second main result is the suggestion of a new kind of the 
Payet-Iliopouloe mechanism for spontaneous supersymmetry breaking. 
This construction does not imply an accompanying super Weyl trans
formation. It works only in the non-minimal and flexible versions. 
So these versions will not be equivalent to the minimal one if a 
future careful analysis will confirm a consistency of the construc
tion conjectured. 

It is worthwhile also to reanalyee the auxiliary field anoma
lies' ' taking Into account chlral densities discussed in the pre
sent paper. 

The authors cordially thank Dre. E.Ivanov,T.Kugo,A.vaii Proeyen, 
K.Stelle, and B.Zupnik for valuable discussions. 
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