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1 Introduction

The vacuum structure of N' = 2 supergravity theories has been extensively studied. Early
investigations of N' = 2 supergravity coupled to abelian vector multiplets [1, 2] showed
already that generating a scalar potential and a breaking pattern requires the gauging of
some symmetries. Early works considered electric gaugings only, later studies included
electric-magnetic gaugings and considered the more complicated theories with hypermul-

L' In

tiplets, resulting in a variety of symmetry and supersymmetry breaking patterns.
particular, potentials induced by gauging standard N = 2 supergravity coupled to abelian
vector multiplets arise when Fayet-Iliopoulos (FI) terms [2, 9-11] are switched on. These FI
terms identify the R-symmetries of the theory with the symmetries gauged by the N = 2
vector multiplets, giving charges and masses to gravitini. Moreover, within this setup,
systems that contain only abelian A/ = 2 vector multiplets do not admit stable de Sitter
vacua.? For example, with a single physical vector multiplet the masses of its two real

scalars are restricted by a bound [13] of the form

Standard supergravity with single N' = 2 vector multiplet: ~ min{m?} < -2V, (1.1

!See for instance [3-8] for reviews.
2Models based on non-Abelian gaugings leading to stable de Sitter vacua are known, see for example [12].



which excludes stable de Sitter vacua. Similar conditions arise for models with an arbitrary
number of abelian vector multiplets, leading to the conclusion that the only stable vacua are
anti-de Sitter [2]. Alternatively, there can be Minkowski backgrounds with flat directions.

To evade the aforementioned restrictions on the vacuum structure of the N = 2 su-
pergravity one has to drastically deform the theory. For example, once higher-derivative
terms are included in the action, the vacuum structure of a supergravity theory is expected
to change. This direction, for instance, has been pursued in the so-called N' = 1 pure
de Sitter supergravity constructions [14-21] where higher-derivative terms appear only in
the fermionic sector in a controlled non-pathological way linked to the non-linear real-
ization of supersymmetry. Indeed, the constraint (1.1) arises in N' = 2 supergravity if
one restricts the action to contain at most two-derivative terms for both fermions and
bosons. If this restriction is lifted then new possibilities may arise, as can be readily seen
from the constructions presented for example in [22] that include N' = 2 extensions of
de Sitter supergravity.

In this work we will present a new deformation in this direction and illustrate its
properties. In particular, we will investigate the possibility of introducing appropriate
interactions in the N/ = 2 matter-coupled supergravity such that stable de Sitter vacua
can be constructed with a minimal number of ingredients. We expect our results to have
impact to the construction of new general matter-coupled supergravity but, for simplicity,
in this paper we will focus on models with a single physical vector multiplet and the only
new ingredient in our construction will be a new type of Fayet-Iliopoulos term for the
N = 2 vector multiplet. Such deformation has a minimal impact on the bosonic sector of
the theory and it only affects the scalar potential by introducing an uplifting term. Our
construction can be considered as the generalization of the new Fayet-Iliopoulos term of
N =1 supergravity [23-26] to an N’ = 2 setup. The fermionic sector will in principle have
a series of higher order terms, and will also contain higher order derivative interactions,
with a structure similar to the non-linear realizations of supersymmetry. In the unitary
gauge however, where both gravitini are massive, all extra fermionic terms disappear and
the Lagrangian simplifies, as in the case of N’ = 1 supergravity supplemented with the new
FI term.

An essential assumption that enters our construction is that supersymmetry is always
in a spontaneously broken phase. The low-energy features of such models have been studied
previously in the literature focusing in theories where only the N' = 2 goldstini 7§ are
included in the spectrum [22, 27-29] irrespective of the source of the breaking (i,7 = 1,2
are the SU(2)r R-symmetry indices). In our setup, once we assume that an N’ = 2 vector
multiplet sources the complete N’ = 2 breaking, the degrees of freedom of the goldstini
will be described by the gaugini A . Moreover, the auxiliary fields of the vector multiplet
X% will have a non-vanishing vacuum expectation value. As we will show, we can then
consistently construct composite N' = 2 goldstini of the form

N X,

Wit B 1.2
Xrix,, (12)

Vi =

Using these composite goldstini we can utilize a construction reminiscent of the non-linear



realization of supersymmetry and introduce explicit N' = 2 Fayet-Iliopoulos type of terms
that have the form

Loew F1 ~ EY Xij +O(vy) - (1.3)

These new Fayet-Iliopoulos terms will in turn justify the initial assumption of spontaneous
supersymmetry breaking and render the construction self-consistent. Indeed, once the
auxiliary fields are solved by their equations of motion, we find that they receive a non-
vanishing vacuum expectation value (vev) given by (X;;) ~ &;. As a result we will see that
for the new type of N' = 2 Fayet-Iliopoulos terms in N' = 2 supergravity the condition (1.1)
breaks down and stable de Sitter vacua can be constructed. In contrast however to the
pure non-linear realizations of supersymmetry [22, 27-29], where only the goldstini appear,
the component fields in our construction still reside into standard N = 2 supermultiplets.

This article is organized as follows: In the next section we review the properties of
the goldstini multiplets in global A/ = 2 supersymmetry, describe the construction of the
new Fayet-Iliopoulos term for a single vector multiplet and contrast its properties with
the standard Fayet-Iliopoulos term. In the third section we review technical aspects of the
superconformal formulation of N' = 2 supergravity in superspace, and we elaborate on the
standard FI terms focusing on how they give rise to scalar potentials and gaugings. In
the fourth section we introduce the new type of FI terms that, in contrast to the standard
FI term, do not necessarily require the gauging of the R-symmetry in supergravity, and
we study the vacuum structure for the case of a single physical vector multiplet. Within
this setup we show how the condition (1.1) is eventually alleviated because of the new
Fayet-Iliopoulos terms. We discuss our results, together with comments and outlooks, in
the fifth section while we present some technical details in the appendices.

2 Deformations of N/ = 2 global supersymmetry

In this section we will present the new Fayet-Iliopoulos terms in an A/ = 2 supersym-
metric setup. This section serves mostly as a warm-up for the supergravity discussion
which follows.

2.1 N = 2 goldstini in global supersymmetry

When 4D N = 2 supersymmetry is spontaneously broken to N' = 0, the effective theory
contains two fermionic goldstone modes, the goldstini, that we call 7{*. The SU(2) indices
1,7 take values 1 and 2 and refer to the two supersymmetries. These fermions have the
supersymmetry transformations

678 = € — 2iy;0™E Oy . (2.1)

The properties of these fermions and their couplings to other fields can be conveniently
described}n superspace. The A = 2 superspace is parimetrized by the coordinates zj; =
(Zm, 03, 0%) and covariant derivatives Da = (0,, D%, Dj ) satisfying the algebra

(D D4}y =0, {D{D}=0, {DL,Dy}= 200"

i (2.2)



The goldstini can then be described by the lowest components of the spinor superfields I'? ,
which are defined via the constraints [27] (see also [22, 28, 29] for a detailed description of
N =2 — N = 0 Goldstini multiplets)

DiTs; = €ga 5;1 ,

_ . p (2.3)
DidFﬁj =—2i (J )pc'v Fz amrgj .
The N = 2 supersymmetry transformations take the form
50 = QL0 + 8,050, (2.4)

which means that the lowest component of the I'{ superfield defined as v{* = I'$*| transforms
under supersymmetry as (2.1). Notice that the definition of the I'; in (2.3) means that it
has mass dimension [I';] = —1/2, but one can always rescale with the supersymmetry
breaking scale and give to the physical goldstino mass dimension 3/2. The Lagrangian for
an N = 2 goldstino that does not interact with other superfields has the form

L= —M4/d80 T, (2.5)

where the real constant M is identified with the supersymmetry breaking scale and has
mass dimension [M] = 1. In (2.5) we have made use of the notations

s _papt  pi—lpy 1 oly i 1y as
where we defined I';; = I'{T'y; = I'j; and I'yg = FgFﬁi = I'g together with their complex
conjugates. Once we evaluate the superspace integral of (2.5) we find the contribution to

the vacuum energy density, the kinetic terms for the two goldstini, and a series of higher
order self-interactions, viz.

L=—M"—iM%c™0, 7 +iM*0pyic™ + O(vh). (2.7)

The goldstino superfield I'; can be also coupled to other A/ = 2 superfields in various
ways keeping manifest the spontaneously broken supersymmetry. We would like however
to focus on a specific coupling that will be relevant to our work later. Assume we have a
scalar N = 2 superfield of the form

_ a, i | gl —a 2
U=U +0ju, + 0uj + O(07), (2.8)

where U is now a scalar field and u’, describes fermions appearing at the lowest orders in
0. Notice that U/ can be a composite superfield or it can be a descendant of some other
superfield on which we have acted upon with superspace derivatives. We can then consider
the term given by

/d89|r|8u: U — o2 ud,— 7 m + 0(). (2.9)

In particular, if U is a descendant superfield that describes an auxiliary field in its lowest
component (that is the scalar U transforms as a derivative), then in such case (2.9) will



provide a linear term in the auxiliary field U followed by terms multiplied by increasing
powers of goldstini. In other words, the combination |I'|® of the goldstini can effectively be
considered as a covariantized version of a D-term spurion #46* [30] which once multiplied
by an arbitrary superfield U picks up its lowest component U upon integration over the
full superspace. A spurion-type F-term, that covariantizes 6%, can also be constructed by
simply considering 54|I‘|8. The difference in using the goldstini instead of the spurions
is clearly given by the extra fermionic terms that turn explicit susy breaking terms into
terms that have the spontenously broken supersymmetry non-linearly realized. As a result,
with the use of the goldstino spinor superfield I'Y* one can always introduce in an action
supersymmetric terms linear in the scalar auxiliary fields of any supermultiplet as in (2.9).
This observation is the underlying mechanism utilized in N' = 1 supergravity to construct
a new type of Fayet-Iliopoulos term in [23], and we will extend it here to the case of an
N = 2 vector multiplet. To this end, we will follow a procedure that requires two steps:

1. Firstly, we will need to construct a composite goldstino spinor superfield I'Y" in terms
of the N' = 2 vector multiplet, assuming always that the latter completely breaks
supersymmetry to N = 0.

2. Secondly, we will use the composite I'* to construct terms of the form (2.9) that
will provide the linear terms for the auxiliary fields of the vector multiplet such that
supersymmetry is indeed spontaneously broken.

We will reproduce this procedure in the following both for global and for local NV = 2
supersymmetry.

2.2 N = 2 vector multiplet and new FI terms

In this part we will describe the properties of the N' = 2 vector multiplet and introduce
the new N = 2 Fayet-Iliopoulos term. To illustrate the properties of the construction we
will break momentarily the manifest SU(2)r formulation and refer to the anticommuting
coordinates as # = ' and § = #2.% Later we will restore the manifest SU(2)z formulation
but this first analysis might be useful to readers more familiar to A/ = 1 superspace.
The abelian vector multiplet in global ' = 2 supersymmetry is described by a chiral
superfield o
DaW =0=DsW, (2.10)

that has a chiral 6 expansion?

_ - 19
W=2&4+i0"W,(V) + 62 (—4D2<I>> . (2.11)
In (2.11) ® is an N =1 chiral superfield and V is an /' = 1 abelian gauge multiplet with

1__
Wa(V) = —1D2DQV, (2.12)

3Here we use the conventions of [31].
4We set the magnetic FI parameter to zero as we are interested in a complete breaking of supersymmetry.



its N =1 chiral spinorial field strength (where we use the abbreviations D? = D“D,,
D= DysD”, DD = D*D,, etc.). The component fields of the A/ = 1 chiral multiplet are
defined as

d = A+0x+ 0°F, (2.13)

where A is a complex scalar, x is a Weyl spinor and F is a complex scalar auxiliary field.
For the chiral field-strength superfield of the vector multiplet we have

Wa(V) = —ida + [5§D ~ %(aman)men 05 + 02 (0™ )ac O\ | (2.14)
where Fy,, = Opmvn — Opvp, for the abelian gauge field vy,, A is a Majorana spinor and D a
real scalar auxiliary field. Egs. (2.11)—(2.14) are written in chiral coordinates. The action
of N = 2 supersymmetry on V implies that ® = DDV, where V is an A = 2 partner of
V.5 This fact does not have consequences for our analysis here.
The two-derivative model for an N/ = 2 vector multiplet is given by the superspace
Lagrangian

ﬁkinetic = % /d20 dQé .F(W) + c.c.

(2.15)
|1 — 1
:/d29 d%6 {2}"(@)@ + c.c.] +3 {/d20 F'(@)W(V)W, (V) + c.c.}
The bosonic sector of (2.15) is
L) — ReF"FF — ReF" 0, AO™A
1 1 1 (2.16)
+ ZReF"D? — ZReF"Fpp F™ + —ImF" Fpp Fiye™™ !
4 8 16
where 1 1
ReF" = [FI(4)+ F'(A)] , wrF" = [F'(4) - F'(A)] , (2.17)
and F'(A) = a](;iff). We are interested in the study of spontaneous supersymmetry breaking

and therefore only the shifts in the supersymmetry transformations of the fermions are
relevant here. The fermion shifts have the form

Ao =iDeq +2Fng + ..., O6xa =2Feq +in D+ ... . (2.18)

From (2.18) we see that in general N' = 2 supersymmetry is spontaneously broken to N' = 0
if either auxiliary fields F or D acquire a vev. Therefore when supersymmetry is broken by
the vector multiplet it holds

(F) #0, and/or (D) #0. (2.19)

®Note that in a projective superspace approach [32-34] to off-shell N' = 2 supersymmetry, see [35, 36]

for reviews, the unconstrained prepotential for an A/ = 2 Abelian vector multiplet [34] is described by an
“+oo

£ ¢"Vi(z) in terms of an

infinite series of N’ = 2 superfields Vj(2) organized as Laurent series V(z,() =
auxiliary complex coordinate ¢ such that ((D} — D2)V(z,¢) = (5? + Cﬁg)V(z, ¢)=0and Vi = (—)"V_;.
The field strength of the A/ = 2 vector multiplet then satisfies W = —iDdlD?Vl = —iﬁdzﬁgVA
which, once reduced to N/ = 1 superspace, gives ® = Wlz2 = —iEQVﬂgz:O and Wy = —iD2Wp2_og =

—iEQDaVong:O that identifies V = —1Vi|p2—¢ and the N = 1 vector multiplet prepotential as V' = Vg|g2—q.



The simplest way to achieve a setup where this is realized is by adding to (2.15) Fayet-
Ilioupoulos terms of the form [9-11]

ﬁstandard FI = _fD - fF - fT7 (220)

for a real constant £ and a complex constant f. Once we integrate out the auxiliary fields

O S S
ReF" ReF"”
Notice that the term (2.20) is invariant under supersymmetry, therefore it can be consis-

we have

(2.21)

tently added to the Lagrangian (2.15) and thus breaks supersymmetry only spontaneously.
The scalar potential of the resulting theory is
_fP+€

V=t (2.22)

Notice that within this set-up the previous scalar potential generically leads to a run-
away behavior that will restore supersymmetry. The only consistent setup is to have
ReF” =const. that leads to a constant scalar potential, though the Lagrangian will describe
a non-interacting theory. Consistent interacting supersymmetry breaking patterns are
known to arise if both Electric and Magnetic FI terms are turned on [37] or when these
models are coupled to supergravity. We will keep for simplicity the Magnetic FI terms
turned off in this notes and focus on supergravity in the next sections.

Assuming that (2.19) holds we can derive a property for a specific composite superfield
that will be relevant for the rest of our discussion. We have

((pD'IowP)| ) =|( (16FF +4D?)° >‘2 £0, (2.23)

where
~ . __o—=2 ~ ~
D*=Dp2D?, D'=D°D , |DW[ =|D*WDW2D*WDsW|?. (2.24)

It is important to stress that the previous condition is equivalent to the requirement that
the vacuum breaks completely supersymmetry which, according to eqgs. (2.19) and (2.21),
is consistent whenever ¢ and/or f are nonvanishing. From (2.23) we then see that
the superfield

_ -1
(DD (Ipw ) | (2.25)
is always well-defined as long as (2.19) holds, i.e., as long as the vector multiplet contributes

to the complete supersymmetry breaking. We can now introduce the new N = 2 Fayet-
Iliopoulos term, which is given by the expression

162 |DW B i~ 1 1 9
Lew F1 = /dge % _ifDDW + 7fD2W + 7fD2W . (226)
DAD |DW|8 2 4 4

Note that the pre-factor (162 |DW]8)/(D454\DW|8) in (2.26) is chosen to pick the lowest
component of the Lagrangian in the bracket as the only bosonic part of the component



action, similarly in spirit to (2.9). The bosonic sector of (2.26) can be seen to match
with (2.20), therefore supersymmetry will be broken by the vector multiplet, thus making
the term (2.26) self-consistent.

As we explained earlier the scalar potential (2.22) however leads to a runaway behavior
that will restore supersymmetry unless the function ReF” is constant. In the setup with
a standard FI-term this leads to a non-interacting theory. However, with the new FI
term (2.26) and with constant ReF”, the theory is interacting due to the higher order
fermionic interactions of the type appearing in (2.9). In particular, the theory will contain
the standard kinetic terms given in (2.16), the related kinetic terms for the gaugini, and a
series of higher order non-linear interactions that will always contain fermions and will be
generically suppressed by the supersymmetry breaking scale v/V.

We can now recast our results in the SU(2)r covariant formulation and underline the
properties of the non-linear structure of (2.26). The N = 2 chiral multiplet constraints
can be written in a covariant SU(2)g description and take the form [38]

DgiW =0, (2.27)
and
DIW = D" W = kel Dy W . (2.28)
We have used the abbreviations
DY =D*DJ],, D;j=D4Dj, (2.29)
and we follow conventions where €'? = —¢jp = 1.5 The auxiliary fields can be recast into

an SU(2)g covariant notation by defining the symmetric and real isotriplet, X% = XJ%,
(X%) = Xij, as

y ” —4F —2iD —4F 2iD
X% = DIW| = — ), x,= 2.30
| (—2iD —4F> oY <21D —4F> ’ (2:30)
which gives 1= X" X;; = - det[X”] = 2|[F|? + ;D?. Note that X"*X}; = 5;- XPiXp,/2 and
that the fermions AY, = (Xa, o) shift under supersymmetry as 6AX = —2€;, X% +... Once
we define
| 1 ~ — 1 = 1 —o=2
A=-—DiID;=—DD? A=-—_D"Dyj=—DD (2.31)
48 16 48 16
we find”
_ 1 .. 4
<AA|DW\8 ; 0> _ < <8X”Xi-) > (2.32)

For the covariant SU(2) g notations we follow [39].

. . 2
"Note that in the SU(2)r covariant notation we have |[DW | = g‘(DQ1W)(DaW)(DfW)(DBjW)’ )



The complete breaking of supersymmetry is then equivalent to®

(XYX;;) #0. (2.33)
We can now recast (2.26) in the form
DW]E (1 y
w d%e | —&:DYW + c.c. 2.34
ne F1 = / AA’DW‘8{8§U ‘|‘CC} , ( )
which delivers in the bosonic sector
Loty = *wal] +c.c (2.35)

To match (2.34) to (2.26) (or equivalently (2.35) to (2.20)) we can set

&ij = (_{é —}5) : (2.36)

which is however not a unique choice as there is the freedom of SU(2) g rotations.
Now we are ready to relate the Lagrangian (2.34) to the underlying goldstino structure.
We start by defining the following composite nilpotent chiral superfield

X =A(DW), (2.37)
which has the properties

X?2=0, D,X=0, (AX)#0, (2.38)

with the last one holding only when supersymmetry is completely broken, i.e. when (2.33)
holds. By using the results in the appendix A, besides X? = 0, the X superfield can be
shown to satisfy by construction a series of nilpotency conditions of the form [22, 29]

XDaDpX =0, XDaDpDcX =0, Dy= (g, D, D5). (2.39)
As a result, one can also show that
XX =A(IDW]P) A (IDW|*) = (|IDW[?) AA (|IDW®) = (|]DW[*) AX . (2.40)

As a rapid cross-check, the reader can act on the two sides of (2.40) with A and check that
it gives an identity. From (2.40) we derive
IDWE XX
AADW|®  AXAX'

(2.41)

8Magnetic Fayet-Iliopoulos terms can be described as deformations of the constraint (2.28) by mean of
a constant real isotriplet M%7 = (M;;) as (DYW — D”W) = 4iM"; see [37, 40-46] for the case of N = 2
global supersymmetry and [44, 47, 48] for extensions to curved A = 2 superspaces and local supersymmetry.

In this case X* = DT/ |g— is not real any longer and it is possible to have cases where at last one of the
components of (Xij> is non-zero but <Xin7;j> = 0. In this case supersymmetry is spontaneously broken

from N =2 to N = 1.



Notice that the left-hand-side of (2.41) is identical to the factor appearing in (2.34). We can
simplify (2.34) even further by relating to the I'; goldstino superfields. Following [22, 29],
we know that from a nilpotent chiral superfield satisfying (2.38) and (2.39) it is always
possible to define the goldstini superfields I',; of section 2.1 as composite of X as follows

1 DiD;; X

By using the composite nilpotent chiral superfield defined in (2.37) we can then define a
Goldstino multiplet as a composite of the vector multiplet W, T'y; = T'i(W). Its compo-
nent field proves to be completely determined in terms of the vector multiplet components

_ Xij
Vai = —4ququ )‘a +..., (2'43)

where we have neglected in the previous equation terms that are function of F,,, and
derivatives of the vector multiplet fields, or higher order than linear in the gaugini. The
composite I'y; goldstino superfields have the property
X —4 X
M=_—, T ="+ 2.44
AX ? AX ? ( )
which can be proven by using the nilpotency properties of X given in (2.39). The above
results mean that the new N' = 2 Fayet-Iliopoulos term can be recast in the equivalent form

1
Luew ¥1 = /d89 Ik {SEz'jD”W + c.c.} , (2.45)

where the I' superfields are the composite objects that are uniquely defined in terms of W
from the procedure we presented above. The form of the Lagrangian (2.45) is exactly of the
form (2.9) that we analyzed earlier. As a result when we expand (2.45) in components we
will find a bosonic sector given by %fUDU W |+ c.c. and the rest will be terms proportional
to the goldstini. More importantly, the form of the Lagrangian (2.45) is such that its
embedding in N = 2 supergravity can be achieved by following the results of [22].

Let us close this section with an observation on other possible deformations of the
theory. Clearly because of the explicit introduction of non-linear realizations the deforma-
tions are numerous. First of all, it is clear that we could introduce in (2.45) an arbitrary
function H(W, W) of W and W obtaining other types of FI terms

Lother Fls = / a®0 [T|® H(W, W) &;DYW + c.c. (2.46)

which, for simplicity, we will not investigate further both in the globally and locally super-
symmetric cases. Another simple example is to have a term of the form

Luplifs = — /d89 TP UW, W), (2.47)

where the function U(W, W) of W and W is in general completely unconstrained. This
uplift term can of course only be sustained once supersymmetry is broken by the vector

~10 -



multiplet W because it is the non-vanishing vevs of the auxiliary X (W)

i that guarantee

the self-consistency of the construction of the composite I' superfields. This means that
in general an uplift term as (2.47) has to come together with a term, such as the new FI
term, that guarantees <Xij(W)XZ-(]W)> # 0. From (2.9) we see that the term (2.47) leads
to a contribution U(A4, A) to the potential of the vector multiplet scalar fields, A and A,
of the NV = 2 effective theory. Notice finally that a different type of deformations, that
do not rely on non-linear realizations is possible. We could have also considered a term of
the form
W2AW”

which would generate linear terms in X%. Such term however would also generate all sorts

/ d89AWW &;DYW (2.48)

of higher derivative terms, for example terms including DWZDWQ, that would not only
lead to a complicated expression for the bosonic sector, but would possibly lead to ghost
excitations within the effective theory. For this reason we neglect this kind of terms that at
first sight might look as a natural N' = 2 generalization of the N' =1 new FI term of [23].

3 N = 2 supergravity coupled to abelian vector multiplets

We will now review some results about N' = 2 gauged supergravity constructed by using
an off-shell setting that might not be familiar to all the readers. By following [39, 49],
we will also introduce superspace results that we will use for the rest of this work. We
are going to employ an off-shell superconformal approach; see [7] for a comprehensive
review and also [39, 49] for N' = 2 conformal superspace, where Poincaré supergravity is
obtained by coupling the Weyl multiplet of conformal supergravity to two compensators.
We choose to use an off-shell setting where the two compensators are respectively an N = 2
vector multiplet and an N' = 2 tensor multiplet. For simplicity in this paper we focus on
studying supergravity-matter couplings comprising only physical vector multiplets without
any physical hypermultiplets. In this section we start by introducing the superconformal
multiplets that will play a role in our discussion, then we describe the action associated
to a generic system of vector multiplets coupled to off-shell N/ = 2 Poincaré supergravity.
We first consider the case of ungauged supergravity. After that we will explain how the
standard FI term leads to gauged supergravity starting from an off-shell setting. Then
we will start describing some properties of the vacuum structure of gauged supergravity
focusing, in particular, to a model based on a single physical vector multiplet. Though
this section does not contain any original results it sets the stage to understanding the
physical implications in N' = 2 supergravity that the new FI terms have compared to the
standard one.

3.1 The off-shell superconformal multiplets

The Weyl multiplet of N' = 2 conformal supergravity is associated with the local off-
shell gauging of the superconformal group SU(2,2/2) [50-52].° The multiplet contains

9See also [63] for a recent description of the N' =2 Weyl multiplet by using the rheonomic approach.
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24 + 24 off-shell physical components described by a set of independent gauge fields: the
vielbein e,,* and a dilatation connection b,,; the gravitino ,,;, associated with the gauging
of Q-supersymmetry; and U(1)r x SU(2)g gauge fields A,, and ¢,,”, respectively. The
other gauge fields associated with the Lorentz (w,,"®), special conformal (f,,%), and S-
supersymmetry (¢n,') transformations of SU(2,2|2) are composite fields. In addition to
the independent gauge connections, the Weyl multiplet comprises a set of covariant matter
fields: a real rank two antisymmetric tensor Wy,; a real scalar field D; and a fermion
»¢. These fields are necessary to close the algebra of local superconformal transformations
without imposing equations of motion.

The field content of the N' = 2 Weyl multiplet can be embedded in a conformal
superspace geometry as described in [39, 49] (we will closely follow the notation of [39]'Y);
see also appendix B for a review of the results needed in our discussion. The gauge fields of
the A/ = 2 Weyl multiplet are provided by the lowest components of the appropriate super
one-forms [39]. The vielbein (e,,*) and gravitini (,,;) appear as the § = 0 projections of
the coefficients of dz™ in the supervielbein E4 one-form, that is

e = daMen = B, Y@ =da™pn® = 2EY|, L =da™nlk = 2E5],  (3.1)

where the double bar denotes setting §# = df = 0 [39, 55, 56]. The remaining fundamental
and composite one-forms correspond to projections of superspace one-forms,

A:=9|, P = <IDMH, b:= B|, wd = QCd”, (b,]j = 2&’;” , 7',; = 2@2” y fe =35
(3.2)

be

For instance, the spin connection w,,"¢ is as usual composite and satisfies

Wabe = W(€)abe — 27q4pbe + fermions, (3.3)

where w(€)gpe = %(cachrccab —Cpeq) 1s the torsion-free spin connection given in terms of the
anholonomy coefficient Cp,,,* := 2 9j,,€,,)". In the following we will also use the expression
for the trace of the special conformal connection f,,%, which is also a composite field such
that its trace satisfies

1
f=e " fm=—D— ER(B’ w) + fermions. (3.4)
Here R = Ry, is the Ricci scalar with the Riemann tensor R, given by
Rapyd(w) = e, e <28[mwn]Cd + 2w[mcewn]ed) . (3.5)

The covariant auxiliary fields of the Weyl multiplet, W3, D, and X¢, belong to some
of the components of the primary N' = 2 Weyl superfield W,; and its descendants.'! In
particular, the # = 0 component of Wy, Wap|g—o,? describes the real rank-two matter field

The definition of the (0°°),” matrices in [39, 54] has an overal minus sign difference with the defini-
tion in [31].

1A superfield U is said to be primary of dimension A if K,U = S¢U = SqU = 0, and DU = AU. The
super-Weyl tensor Wy, is a primary dimension 1 covariant superfield.

12We will often drop the lo=o0 projection as it will be clear from the context when we consider a superfield,
such as Wep, or its lowest component, as Wep|o=0.
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of the Weyl multiplet which is decomposed in its imaginary-(anti)-self-dual components,
%EadeWC:E = iWaib, as

70'45

Wap =W+ W, Wh = (0a) " Wag, Wai=—@aw)egW" (3.6a)
1, — 1,
Wap = 5(0 apWap, Wy = —5(@ ")agWab = Wag) - (3.6b)

The self-dual and anti-self-dual parts of W, have different transformations under the chiral
U(1)g symmetry: YW,5 = —2W,3 and YWd 5= QWa i The fermion and the other real
covariant field of the Weyl multiplet (X% and D) are associated with the projections

1 - 1—p— 1 1 —af——
2ol = VLW Sai= VW 4, D= VW= VW, 3.7
where
i i i _ sy _ ok T . _v oF
VI =v1ivd), VY =VIVT L Vs = Ve, Vi =ViaVe) - (3.8)

The algebra satisfied by the N/ = 2 conformal superspace derivatives V4 = (V,, vgﬁ?)
can be found in appendix B. For the reader familiar with the superconformal techniques [7]
it might be useful to underline that in the conformal superspace framework the spinor
derivatives V¢ and v? play the role of the Q-supersymmetry generators @Q¢, and @? while
the vector derivative V, is, as usual, associated to the momentum operator P, of the
soft algebra describing the gauging of the superconformal algebra. More precisely, given a

covariant tensor superfield 7', it will transform under local SU(2,2|2) transformations as'?

1 .
66T =KT, K=¢Veo+ EA“bMab + AT Jj +itY + oD+ A KA. (3.9)

The projected spinor covariant derivatives V¢ | and ﬁm correspond to the -supersymmetry
generator, and are defined so that, for example, given the component field 7 = T'| = T|g—o,
then the action of the Q-supercharge is defined as Q%7 := V. |T := (V. T)|, etc. For the
other generators, the action on the component field 7 is simply given by the projection
of the superfield analogue as e.g. M. 47 = (M.T')|. By taking the component projection
of the superform V = EA4V 4, the component vector covariant derivative V, is defined to
coincide with the projection of the superspace derivative!? V,|

1 1- ,—= 1 - .
emava‘ = Om — §wmzvf’;‘ - §¢mf’§VZ\ + §wmbchc + ¢m” Jij +iA4,,Y + b, D
1 . |
Ky + 5 0ma S+ 50me S - (3.10)

The component supercovariant curvature tensors, arising from the commutator of two V,
derivatives, then coincide with the lowest components of the corresponding superspace cur-
vatures. The component and conformal superspace formalisms then prove to be equivalent

'®As also described in appendix B, Ji;, Y and D are the SU(2)r, U(1)r and dilatation generators
respectively while K is the special conformal generator, and (S, S are the S-supersymmetry generators
that for convenience are grouped together as K4 = (K¢, S{’,gg).

HMSimilarly to Was, we will use Vg, to denote both the superspace or the component vector derivatives

since it will be clear from the context which one we are referring to.

~13 -



with the difference that in the latter case local supersymmetry is geometrically realized as
the spinor component of superdiffeomorphisms. In the following, when we discuss compo-
nent fields, we will also use the derivative

V! =Da(w) + ¢,7 Jij +14,Y + b,D, (3.11)

where

Da(w) = ™ (am + 1w,;:bMab> . (3.12)

When we gauge fix the special conformal transformations we choose b, = 0. We refer
to [39, 49] for a detailed discussion about the relation between A = 2 conformal superspace
and the standard superconformal tensor calculus techniques and, in particular, for the
supersymmetry transformations of the components of the Weyl multiplet which are not
needed for the scope of this paper.

Let us now turn to the description of the matter multiplets embedded in a conformal
supergravity setup. For the matter and the compensator sector we will work with N = 2
vector and tensor multiplets. The definition of an abelian vector multiplet in our setup is

=i

VW =0, Viw=V'W, (3.13)

where W is a chiral primary complex scalar superfield (K4W = 0) with weights
DW=W, YW==-2W. (3.14)

The component fields of the vector multiplet are the complex scalar ¢, the gaugini A}, and
the SU(2)g triplet of auxiliary fields X%, which are defined as

p=W|, N =V W|, XY=vViW|, (3.15)

whereas the field strength of the abelian gauge field resides in the component

1 — 1 6B A
~ 5Ow)as (VW +4WPT) | + S (@) 45(V W+ AW W)| = Fp + fermions, (3.16)

where Fy, = e'e}) (Omvn — Opvm)-

The off-shell N = 2 tensor [33, 57-60] (or also called linear) multiplet coupled to
conformal supergravity, which will only play the role of a compensator in our paper, is
described by a superfield [39] G¥ = G7* which is a primary (K4G% = 0) with the following
dilatation and U(1)g weights

DGY =2GY, YGY =0, (3.17)
and satisfies the conditions
(G9) =Gy, ViGiM =0, vigh =o. (3.18)

The tensor multiplet constraints can be solved as

1 1
Gl = VI + EV”\P’ (3.19)
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where W is an unconstrained N’ = 2 chiral primary superfield with weights
DU=v, YU=-2UV. (3.20)
The covariant component fields that reside in the tensor multiplet are given by
. . 1. 1 _ ..
GU = Q”| y Xai = §V{YQ”| N F = ﬁvwglﬂ . (3.21)
The real scalars G¥ form an SU(2)p triplet whereas F' is a complex scalar singlet. We will

G =1/GGy/2. G=,/GiGy/2. (3.22)

From the prepotential ¥ we also obtain the gauge two-form b,,,, of the tensor multiplet as
follows [39]

use the abbreviations

i — i =af=—  =af
bmne, e, = Bay| = _Z(gab)aﬁ(vaﬁw - 4Wa5\1/)‘ - Z(Eab)dﬁ.(v T aw /3\1;) . (3.23)

The two-form will usually appear through its supercovariant field strength

- 1
Bt = e Mhycq + fermions,  hannp = 30ubry) - (3.24)

3.2 Ungauged N = 2 supergravity

We can now describe actions for two-derivative matter-coupled Poincaré supergravity
within an off-shell setting. We first look at ungauged N = 2 supergravity. We consider a
system of Abelian vector multiplets coupled to N’ = 2 conformal supergravity

wi=mwo w4, (3.25)

where W0 will serve as compensator and W4 are the physical ones. We consider the
following Lagrangian
ﬁungauged = {_ﬁ\f + C.C.} + EL . (3.26)

The Ly part describes the coupling of conformal supergravity to the physical and
compensator vector multiplets. It arises from the following chiral superspace action

Sy =S.+cc., S.= / d*zd*o e FW), (3.27)
where the special-Kéhler prepotential F(W7) is holomorphic and homogeneous of de-
gree two

oF oOF
—— =0, Wr=w'_—_— =2F. (3.28)
OW ow

This guarantees that F (W) is a chiral primary with conformal dimension two and U(1)g
weight —4, and then the action S, is locally superconformal invariant [49]. The bosonic
sector of (3.27) appearing in (3.26) in our notation is given by [39]

_ 1 .. —  —&0 _
e Ly +ece)=—F06 — 5 FX X+ 2F 1 P10 F ]y + FW ,W ’ _3DFd

. iy _ 1
2, 19 1 21,3 WP Ry + §fu¢’¢"waﬁwa5 +ec.,
(3.29)
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where the superconformal d’Alembertian is
03 =V 'V'ud' +2{9" . (3.30)

The L1, Lagrangian describing the action for the tensor multiplet compensator cou-
pled to conformal supergravity can be obtained from the following conformal superspace
chiral action

St = /d4ac d*0 EIW +c.c., (3.31)

where U is the prepotential for the tensor multiplet and W = WG] is a composite vector
multiplet field strength constructed in terms of the tensor multiplet G¥. Its form is given

by [39, 61]
1 — .
W=——=V,, oy
24gv”g 3693

The action (3.31) is a conformal superspace version of the improved tensor multiplet ac-

gzj akgklv gl] (332)

tion [62-64]. Its bosonic sector is given by the Lagrangian [39]
1

_ y .y 1,
e Ly = - —\FP Gij g (—20GY —6GYD) — Ze™ by fi
. S y (3.33)
+ GU = (v’“szv’aGﬂle + B, G — 20V, GHGY))
where the bosonic parts of the superconformal d’Alembertian is given by
OG7 = V', V"GY + 4§G7, (3.34)

while the composite two-form fL  is

38 G™*0,G/Gy; .
(3.35)
The dynamical system described by (3.26) includes several auxiliary fields and pure

ien“ﬁa} - an[%d)mijGij + %emaﬁ } 4G

1 -
L _ el
Finn am[QGd)" Gij + 2G

gauge degrees of freedom that can be eliminated algebraically to obtain on-shell N' = 2
Poincaré supergravity. We focus our attention only on the bosonic fields and start our
discussion from the scalar and gravitational sector. First we integrate out the auxiliary
field D which gives

0D = N=G, (3.36)

where N defines the special-Kéhler potential
iI J— J—
N=Fr¢ +Fr¢", Npyy=Fi+F1. (3.37)

The tensor Ny is generically chosen to have (d,1) Lorentzian signature, where d is the
number of physical vector multiplets and the single positive signature direction indicates
the presence of a compensator, here chosen to be ¢°, among the vector multiplets. By
imposing that the physical fields have canonical kinetic terms, the signature requirements
on Nyj have been discussed for example in [2], and we will see how it is respected by our
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examples. If we demand the Einstein-Hilbert term to be canonically normalized, %eR, then
we also need to impose the dilatation gauge fixing condition

N=G=F;¢ +Fre¢f =1. (3.38)
Part of the SU(2)p symmetry is fixed for convenience by imposing the gauge condition
GY = § (3.39)
which leaves an off-shell residual U (1) symmetry gauged by the following connection
P = bm" 6 . (3.40)
Next, we integrate out the auxiliary field A,, which gives
§Am = Ay = %NUXIE),HYJ - iNUYI(?mXJ : (3.41)

and we fix the compensating scalar ¢¥ as a function of the other scalar fields by imposing
the condition (3.38). The previous result describes how the gauging of the Kéahler trans-
formations is identified with the U(1)g symmetry. At this point, we can recast the kinetic
terms of the scalar and gravitational sector in the standard form

— n d ]- —
€ 1£§cag121rl—ggiavity = §R B Z 917 amzlasz ’ (342)
1,J#0
where g;7 is the Kéahler metric
82
-=——K, I[,J#0 3.43
g[J 8z18§J ) ) 7é ) ( )
deriving from the Kéahler potential
K =1n¢’%’, (3.44)
which is defined in terms of the independent physical scalars z! that are
¢I
2= o (3.45)
For the ungauged N = 2 Poincaré supergravity (3.26) there is no scalar potential
Vno FI — 0 ) (346)

and the auxiliary fields of the vector and tensor multiplets are dynamically set to zero

Xj;=0, F=0. (3.47)

The SU(2) g symmetry gauge connections ¢,,* and the gauge two-form of the tensor mul-
tiplet by, are also auxiliary fields. To integrate out ¢,," it is more convenient to split it
into the trace and traceless parts

b = W, + §5U¢m . 0,98, =0. (3.48)

17 -



The relevant bosonic part of the total Lagrangian (3.26) then reads

) 1- - -
e IL, ;= Uy UMy — 31" ha = h"Ga. (3.49)
The equations of motion of ¢,,% and b,y,, identically set ¥, = 0 while qASm and b,,, are
set to be pure gauge, which we then gauge fix to zero. As a result also these auxiliary fields
are all identically set to zero, that is

U =0, ¢m=0, hp=0. (3.50)

Then, on-shell, all the SU(2) g symmetry stops to be gauged and the gravitini are uncharged
under the vector multiplets U(1)s. Finally we integrate out the real rank-two antisymmetric
tensor auxiliary field W, which gives

Nié’
Wag = Wag=2—"207 Fl, (3.51)
Nkro ¢
together with its complex conjugate. The kinetic terms of the vectors then read
1 1
6_1£Maxwell = 5 Rewu F,{%nFJmn — Z Ime F,{InF];]lEmnkl s I= (O, A) s (3.52)
where Lk L
N N,
wry = 25 — 2 IKO Nord (3.53)
Nung ¢

Here the field-strength of the graviphoton, that belongs to the supergravity multiplet, is
FO and the field-strengths of the physical vectors are F4 . This concludes the stan-
dard derivation of ungauged N = 2 Poincaré supergravity from an off-shell setting. Note
that, due to the absence of any scalar potential, the vacuum of the previous ungauged
N = 2 Poincaré supergravity coupled to a system of Abelian vector multiplets is N' = 2
supersymmetric Minkowski.

3.3 Gauged N = 2 supergravity

In this subsection we review the standard Fayet-Iliopoulos term and show how it arises from
the off-shell coupling between the vector multiplets and the tensor multiplet compensator.
The addition of this coupling to the ungauged supergravity (3.26) leads to gauged N' = 2
supergravity where, on-shell, part of the SU(2)r symmetry group remains gauged by a
combination of U(1)s of the vector multiplets under which the gravitini will be charged.

The Lgtandard F1 Lagrangian describing the standard N = 2 Fayet-Iliopoulos term can
be obtained from the following conformal superspace chiral action

Sstandard FI — — / d4l’ d49 EV €[WI + c.c. (354)
This describes a locally superconformal extension of a by A & 1F2I ~ hg A €& Iv{ topological

action, where by = %dx” A dx™by,, is the gauge two-form of the tensor multiplet compen-
sator described by the chiral prepotential ¥ and possessing the component 3-form field
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strength hg = dby, while Fi = 1da" A dz™F!, = dvf is the two-form field strength of
the vector multiplet W/ possessing component gauge one-form v{ = dz™v! . The bosonic
sector of (3.54), which is enough for the purpose of our discussion, is given by

_ 1 s 1
€ 1‘Cstandard FI = _églGUXin - fIngI + lglgmnqumanIq + c.c. (3553)
1 . -
= —§§1G”Xi]j — & FY + &h vl + e (3.55b)

The first terms are the analogue of the flat FI terms where £7 is now given by £G¥ while
the other terms arise necessarily due to the presence of the hypermultiplet compensator
GY. As we will see shortly, the last term describing the bosonic BF coupling between the
gauge two-form by and the specific combination of two-form field strength Fy = & 1FY is the
source of the gauging. The off-shell Lagrangian of N' = 2 gauged supergravity is given by

ﬁgauged = {_£V + C’C‘} + L1, + Lstandard FI s (356)

where Ly and L1, were given in the previous subsection. Let us now reconsider the gauge-
fixing conditions and integration of the auxiliary fields described in the previous subsection
once the standard Fayet-Iliopoulos terms are turned on in (3.56).

It is clear that, since (3.55) does not depend on the D, Wy, A, and ¢,,Y fields
of the Weyl multiplet of conformal supergravity, their equations of motion will be identi-
cal to the ones described in the previous subsection, more specifically egs. (3.36), (3.41),
and (3.51). Moreover, the variation with respect to ¢,," will set ¥, = 0 and By = 0. We
will also impose the same gauge conditions of the previous subsection, egs. (3.38)—(3.39),
that fix dilatation and R-symmetry together with b,,, = 0, which can be imposed once
Pynp = 0 on-shell.

The standard FI term, however, modifies the variation with respect to auxiliary fields
within the vector and tensor multiplets. As a result the auxiliary fields that will have
different equations of motion are the gauge field ngSm of the U (1) g group, the auxiliary fields
X{j of the vector multiplets, and the auxiliary field F' of the tensor multiplet compensator.
These are no longer set to zero on-shell, and instead acquire a nontrivial dependence upon
the physical fields of the vector multiplets

F=-264, (3.57a)
X} =—-aN"¢; 5, (3.57b)
bm = 2610, , (3.57¢)

where equation (3.57c) arises from the last term of (3.49) and (3.55), while NI/ N, = %,
The addition of the standard FI term then leads to the following important differences
compared to the ungauged N = 2 supergravity of the previous section:

i) The standard FI term introduces a nontrivial potential for the scalar sector of the
theory whose bosonic Lagrangian becomes

_ 1 _
€ 1£gauged = §R - Z 9ar7 8m218mZJ -V
1,J#0

1 1
+ 5 Rewry EL pJmn _ 7 Tmery EL FJemmkl (3.58)
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ii)

iii)

with
V= Vstandard FI = _NIJffé-J - 2|£I¢I‘2 . (359)

Remember that Njj, and then N/, have Lorentzian type signature and then
—N1¢1€; can be both positive and negative depending on the choice of &;.

Equation (3.57) identifies on-shell the abelian vectors of the physical multiplets v;} to-
gether with the graviphoton v?,, weighted by the Fayet-Iliopoulos coupling constants
&7, with the auxiliary gauge field ¢,, that gauges the ﬁ(l) r subgroup of SU(2)r. As
a result the gravitini become charged under the Abelian U(1)s of the propagating
vectors signalling that the U (1) g subgroup of the SU(2)g is gauged. Equation (3.57)
describes the precise embedding of the U(1)s in the residual R-symmetry.

It is important to stress again that the term responsible for the gauging of the R-
symmetry is the b A f ~ h A v term in eq. (3.55). Without such term in the action
on-shell we would still have ¢,,, = 0 instead of (3.57). This fact will play a distinctive
role when we look at the new FI term.

Even though we have not mentioned many details about the fermionic sector of
the theory, let us discuss here only the gravitini, as the third important impact of
the gauging concerns the generation of non-vanishing gravitini masses. Indeed, the
standard FI contains also a term of the form &;¢! 0ij Eﬁ“@é + c.c. that introduces a
gravitino mass (see e.g. [2, 39]). The terms that contribute to the kinetic and mass
terms of the gravitini are given by

1 ) = ! 1 )7
LGravitini = §8mnpq¢m0nvp¢qj - §5mnpq¢mj0nvp¢q

o s (3.60)
+ €10 61 D MWy + €16 87 Yoy,
where because of the gauging we have
1 » ; .
Vitnj = Da(w)tnj — 5€," bme k0" tni — iAatin; (3.61)

and the gauge fields are given by (3.41) and (3.57). There are of course various other
terms quadratic in the gravitini, however in (3.60) we have included only the ones
that contribute to the kinetic terms and to the mass.'> Notice, in particular, that
the value of the gravitino mass is

m3, = &' (3.62)

where we stress that we are considering only models of N' = 2 — AN = 0 breaking
with both local supersymmetries broken at the same scale. Under the U(1)r gauged
subgroup of SU(2)g the two gravitini rotate to each other, that is

/U\(l)R : 51/}7711 = -« wmQ , 6¢m2 = O‘wml 5 (363)

which is indeed a symmetry of the gravitini mass terms, and « is a U (1) parameter.

5The complete action can be found in [2].
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iv) Clearly, because the gauging generates a scalar potential, it should also contribute to
the supersymmetry transformations of the gaugini. In particular, since the gaugini
transformations have the form (we neglect terms that will be zero on a Lorentz
invariant vacuum)

‘ 1 . -
5)\3 _ -5 (XI’LJ _ 251]F¢I) em(x) + ... (3'64)

any vev for X% and F¢! will generate a shift that will signal a supersymmetry break-
ing.'® This observation allows us to introduce a consistency check for supersymmetry
breaking. We will illustrate this here for the gauged supergravity but it can be also
used in the ungauged case, and it will be very helpful for the check of self-consistency
of the new FI terms that we will introduce later. Because in our analysis the scalar
potential is generated only by auxiliary fields (even when we include new FI terms),
it means that it will have the form

1/1 -
Von-shell = ~5 <NUX{]-XJ” + |F|2> ] (3.65)

16

X | F are evaluated on-shell '

Once more, notice that, due to the Lorentzian type of signature of Njj, the first
term in Vop.shenl 18 nNot negative definite and allows in principle for both positive
and negative dynamically generated cosmological constants, whereas the F' auxiliary
superfield in (3.65) always leads to a universally negative contribution to the poten-
tial. For gauged supergravity, the values of the auxiliary fields (3.57) are inserted
in (3.65). From the gaugini supersymmetry transformations we see that supersym-
metry restoration means that we have

(N =0 = XM =250yl (3.66)

Therefore when supersymmetry is restored the condition (3.66) will hold for the
vacuum and the scalar potential (3.65) will have the vacuum value

3
(Vsusy) = = [(F)[* = =3mg5 (3.67)

This expression is the standard expression that relates the gravitino mass to the vac-
uum energy for supersymmetric anti-de Sitter supergravity. As a result, when we
have a vacuum that satisfies (3.67) we will know that supersymmetry may be pre-
served. More importantly, however, when we have a vacuum that violates (3.67) we
will know that supersymmetry is definitely broken. This happens because supersym-
metric vacua always satisfy (3.67). On the contrary, de Sitter vacua, that will be the
main focus of our analysis here, will always violate (3.67) and therefore guarantee
the spontaneous breaking of supersymmetry.

161t is convenient in our discussion here to include also the compensator gaugini A%, even though after
gauge fixing they are subject to the condition NIJal)\Jj = 0, which is imposed by integrating out the
auxiliary fermions ;4.
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The presence of the standard FI term leads to a very rich dynamics and structure of
vacua, including AdS and dS, see e.g. [2-8, 13]. However, the standard FI term is incompat-
ible with supergravity-matter systems that include also physical charged hypermultiplets
(see for example [3-8, 11] and [65] for an off-shell superspace derivation of this no-go theo-
rem). We expect that the latter limitation can naturally be overcome when new FI terms
are added to ungauged N = 2 supergravity, but we will not study such extension in this
article, rather we will only work with physical vector multiplets.

Before closing this section let us return to the formula (1.1) that we presented in the
introduction and study it within a model with a single physical vector multiplet W*'. To
contrast the standard FI to the new one that we will introduce later, we will switch-on only
the FI term parameter for the W', For clarity we will study explicitly the CP! model with

2_ 1
1

o= (%) (369

We define z = ¢ /#°, and we find from (3.38)

F= (0" - 167, (3.65)

which gives

070 1
= .70
8 = e (3.70)
therefore the Kéahler potential and the Kéahler metric take the form
K=-In(1-|2[*), gz= _ (3.71)
’ (1—1z[*)?

Notice that the moduli space is bounded by |z|?> < 1. Now we switch on only the FI term
for the physical vector mutiplet therefore we fix the &/ to have the form

=06, €eR, (3.72)

which brings the scalar potential to the form

= 2 Kl
V(z,z) =& (1 - 21 — |z]2) . (3.73)
An inspection of the scalar potential (3.73) shows that there is no critical point (de Sitter
or anti-de Sitter) except for the z = 0 which is de Sitter and unstable, thus verifying (1.1).

The situation changes when we switch on also the FI term for the compensator vector
multiplet setting €0 # 0. An anti-de Sitter supersymmetric (thus stable) critical point
arises, but the de Sitter critical point is still unstable, in agreement with (1.1).

4 New deformations of N' = 2 supergravity

In this section we introduce the new FI terms and the uplift terms of the AN/ = 2 su-
pergravity utilizing a composite goldstino built from physical vector multiplets. Besides

- 29 —



making some of the analysis technically easier, the composite goldstino clearly indicates
how supersymmetry breaking is sourced by the mediating vector multiplet. Finally we also
study the new scalar potentials and focus on the construction of models admitting stable
de Sitter vacua.

4.1 A composite goldstino

In the flat case we have shown how given a vector multiplet that mediates N =2 — N =0
supersymmetry breaking the goldstino fields are related to the gaugini according to (2.43).
The aim of this subsection is to lift the same result to supergravity. Before entering into
the details of the construction, which is technically more involved and richer than the one
of section 2, it is worth anticipating the results that ultimately closely resemble the flat
case. We will show that in the curved case the component goldstini fields satisfy

Xij .

o J

Vai = 4/YleklAa+... ) (4.1)
where X' are a curved extension of the vector multiplet auxiliary fields in (2.30) and,
as we will discuss soon in more detail, include contributions depending on the supergrav-
ity compensators. Importantly, X is the field appearing in the Poincaré supergravity
supersymmetry transformations of the gaugini

. 1 .
N, = —inJeaj(:v) +... (4.2)

where the goldstini (4.1) transform as a shift
0y = €i(z) + ... (4.3)
Then, as in the flat case, supersymmetry is completely broken when
(X X;5) #0. (4.4)

Let us now dig into the technical derivation and analysis of the previous results.

We consider an N/ = 2 Abelian vector multiplet coupled to conformal supergravity
which is described by the superfield strength W satisfying the constraints (3.13) and (3.14).
The construction of a composite goldstino does not require a priori to impose W to be a
restricted N' = 2 chiral multiplet, as we have done in (3.13). In a generalization one can
indeed relax the second condition in (3.13) and W might be replaced by a function of other
multiplets. In fact, it is simple to realize that the construction below only relies on the
existence of some multiplet that mediates supersymmetry breaking with a fermionic field
working as a goldstino. In any case, for simplicity and clarity, in our paper we will only
focus on the case of a single vector multiplet mediating supersymmetry breaking.

We remind that the component fields of the vector multiplet ¢, M., and X%, were

o

defined in (3.15). To construct a composite goldstino, we will assume that both super-

symmetries are broken spontaneously by the auxiliary fields X% of W and therefore the
i

L, will serve as the goldstini. It is important to stress a difference between the

gaugini A
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N =1and N = 2 case. For an N' = 1 vector multiplet coupled to conformal super-
gravity the gaugino is a primary field. In the A/ = 2 case this is not the case, in fact,
under S-supersymmetry, it holds Sf‘)\é o ¢. This makes the construction of a composite
goldstino multiplet more involved and, in particular, it implies that we need to introduce
compensators in the A/ = 2 analysis.

We will now lift formula (2.37) to supergravity and construct a primary nilpotent chiral
superfield X which will be a composite of the A/ = 2 vector multiplet W. To do so, we
first need to assume the existence of a real conformal compensator superfield C' defined to
be a primary (K4C = 0) such that

DC=2C, YC=0, C#0. (4.5)

We will also assume the existence of a complex compensator for U(1) g, that we will denote
Z (not necessarily related to C' nor W), such that

DZ=2, YZ=-2Z, Z#0. (4.6)

Note that in general C' and Z might be non-trivial composite superfields of other com-
pensators (e.g. W° and G;;), as we will indeed set later. However, for the scope of this
subsection we only need their existence. Their main use is to turn VLW and X into
primary superfields.

It was shown in [39] that by using a real conformal primary compensator of dimen-
sion 2, as C, it is possible to construct operators D4 which are completely inert under
dilatation, conformal, and S-supersymmetry transformations. The new covariant deriva-

tives are given by
, . . 1. . .
Dl = U/ (v; — VAU Mg, + JVaUY — vgwf) , (4.7a)
D) =e UM (v;‘ - VBZ.UMBO‘ — Zv;‘UY + V?Uﬂi) , (4.7b)
where U :=log C. These derivatives, whose algebra is given in appendix B in eq. (B.10),
are such that if 7" is some conformally primary tensor superfield of vanishing dilatation
weight, then DT and D; T are as well.

Given a vector multiplet W coupled to conformal supergravity, it is then useful to
introduce the dimension zero primary superfield

W:=C 2w, DW=0, YW=-2W. (4.8)
This is chiral with respect to the D4 covariant derivatives
DIW=0=D.W, (4.9)
and satisfies the Bianchi identity

(DY +45W = (D7 +457YW, DU .=D*D) | D= DyD;
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with S and 5% being some of the torsion components appearing in the algebra of covariant
derivatives Dy4; see appendix B and in particular (B.12). The results (4.9) and (4.10) are
direct consequence of (3.13). By using the D, derivatives we define the descendant spinor
A?, and its complex conjugate K? as

L =DIW| =0T VW — (VilogC)W] |, (4.11a)
A =DIW| =3 [v?W — (V¥ log C)W} , (4.11b)

which is such that
KAN, =DAL =0, YA, =A% (4.12)

The field A%, is a primary extension of the gaugino \,. Below we will indicate with A?, the
superfield D!V and it will be clear from the context if we refer to the superfield or its
lowest component.

Now that we have introduced the previous technical ingredients, we can define
X = ZZA|IDW, (4.13)

where A = éﬁijﬁij is the chiral projector'” in conformal superspace [49] and we have de-
fined

(DW) .= DWDIW, (DW)y; := DaWD; W, (4.14a)
ww%:%mwﬁmwm,(ﬁ@#:;ﬁMWﬁmm (4.14b)
IDW|® := (DW)(DW)?. (4.14c)

The scalar superfield X is by construction chiral (V? X =0) and primary (K4X = 0), it
reduces to (2.37) in the global limit, and its weights are

DX =0, YX=0. (4.15)

By construction it also satisfies @?X = 0. Moreover, by using arguments similar to the
ones used in appendix A, that easily extend to the supergravity case, one can show that
the superfield |DW)|® satisfies the following nilpotency conditions

vAlvAQ”'VAm|DW|8vBlvBQ"'an|le8:07 vm7n:0717'”)77 m+n§77

(4.16)
together with the following expressions containing eight covariant derivatives
VeVay Va, DWPEVa, - Va DW=
= (OB )Gy T, IDWE VOV A,y Tar DWE, (117)

"The nomenclature “projector” is misleading, since AA = 0 # A which follows from W?Z =0, but it
is conventionally used, and we will follow this convention here. Note that, given an arbitrary superfield
U(z), the superfield ®(z) := AU(z) is by construction chiral, V; ® = 0. For the construction of the chiral
projector in A/ = 2 curved superspaces, besides [49], see [66] and the more recent normal coordinates
analysis of [67].
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that holds Vm =0,1,---,7. In particular, it holds
AIDWEAIDW® = IDW[PAAIDW|® = [DW[PAAIDW|®, (4.18)

which will be useful later. All these conditions hold also when using D 4 derivatives instead
of the V 4 ones and, exactly as in appendix A, simply derive from the fact that the product
of more than four DLW is identically zero (the same holds for a product of more than
four D; W).

Due to the aforementioned results, the composite superfield X of eq. (4.13) satisfies a
series of covariant nilpotency conditions that have been presented in [22], which are

X?2=0, XVaAVBX =0, XV,VpVeX=0. (4.19)

As described in details in [22], if
(AX)#0 (4.20)

is satisfied then supersymmetry is completely broken and the N' = 2 — A = 0 goldstino
multiplet is described by

1 VAV, X
12 AX

which generalizes (2.42). The way the superspace derivatives act on I'y; is presented in

o = (4.21)

formulas (4.8a) and (4.8b) of [22], which is essentially the curved superspace generalization
of (2.3). For convenience we can repeat here the main properties of I'y;. It holds

VTS = 6507, (4.22a)
VJB-F? = QiFw‘V%BF? — iEij(va»'yWB#)l—A — isijWMV%F‘l

- b
ey, W T Tk, T — gwﬁ”rk(ira’fvwﬂ

7)
1 —k—p 2 — 35
—geij(vﬁwﬁ”)rklral - g(vﬁ(iwvvﬁ”)rj)krak, (4.22b)
ST = 2:°PTy; + 26,7 ST =0, KTa; =0. (4.22¢)

Note that I'y; is not a primary!® but remarkably, thanks to (4.22c), the superfield I'* =
%FijFij = —% FO‘BI‘ag turn out to be a primary such that

KAT* =0, Drt=-or*,  yrf=_4r?, (4.23)
An important property of I'* is
VOT* = —2ir*ver,; (4.24)
This relation can be used to check that

X =T'AX, (4.25)

8 Though not necessary for our analysis, a primary extension of I'; can be straightforwardly constructed
by using the compensator Z along the same line of the results presented in [22].
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is chiral. In fact, the equation (4.25) solves the constraints (4.19). Another useful relation
that derives from (4.16)—(4.18), that extends the flat relation (2.40), is

1
7227°

XX = ADWE AIDW|® = IDWIBAA|IDW]® = Z 2| DW|PAX . (4.26)

727
By dividing the previous expression by AXAX, and using again the nilpotency rela-
tions (4.16)—(4.18), one gets

XX ZADwPE  Z7ADwiE DWW

e =TT'=_-—-"2_ = = 1= == :
AXAX AX AZ2ADWE ~ AADW|?

(4.27)

which extends (2.41) to the supergravity case and shows explicitly how |I'|® is expressed in
terms of the primary gaugini. Thanks to nilpotency, one can also derive another equivalent
form of |T'|® that will be useful soon, that is

C2DW|® 1, i = 1
S 44 D= —DiD;, D = —

i
=== J DD, 4.28
DD DWIS 487 T 187 T (4.28)

Iak

Let us turn back to the self consistency of the previous construction. It is clear that for
the existence of the composite goldstino I',;, and hence N' =2 — N = 0 local supersym-
metry breaking, a necessary condition to be satisfied is eq. (4.20) which is equivalent to the
condition that the bosonic part of the denominators of (4.27) and (4.28) have nonzero vev

(ARDW[S) £0, <« (D'D'DW) £0. (4.29)

In the flat case these are identically satisfied once (X% Xij) # 0. In the supergravity case,
as already mentioned, due to the presence of the compensators, the situation is more sub-
tle. To investigate this issue one can compute the purely bosonic part of AA|DW|® and
equivalently of D4f4|DW\8. By purely dimensional grounds, and by the requirement that
all eight fermions D)W and D; W of eq. (4.11) in |DW|? are saturated by the eight spinor
derivatives in AA, it is clear that the bosonic part of AA|DW|? is given by an eighth
order product of terms such as V;;W = ﬁijW, VoW and VW, the vector field strengths

(&

Fop o vﬁavﬁ)kw and F*’ Vi ﬁﬁ)kW, but will also depend on the supergravity com-

pensator C' in combinations given by the superfields S% Fij, Gy Gas?, Xog, X &of defined
in (B.12).1 Actually, it is simpler to understand the dependence of the bosonic part of
D454]DW|8. This clearly depends only on eighth order combinations of DIW, DWW,
DE, Dy W, Dy D”W, and DID)W = (- 2i6]DgW + 46]G5W + 4iG5*IW) and its
complex conjugate. Assuming that the vacua preserve 4D Lorentz invariance the vev of
<D4§4\DW]8) can only be a function of (X;;) and (X;;) where

X;j = DyyW| = [(CT) Xy — 4(C7V28)) 8] (4.30a)
Xij = DiW| = [(CTH)Xi; — 4(C725,;)) 9] . (4.30D)

19The dependence upon the super-Weyl tensor, Waps and Wa 4» appears only at higher orders in fermions.
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Up to fermion terms, and neglecting terms other than Aj; and ?ij (the full expression will
be given elsewhere), a simple calculation shows that it holds

DDW)* = L [(DIW)DW)P + ..

) (4.31a)
DOW)' = (D WD + ..
DD DW= DY DWYA D DW) + .. — 6}?\(DijW)(DUW)|4 +o, o (431D)
which implies
(DD DWIE)| = é(;xiwﬁjm +o (4.32)

As already mentioned, in this paper we will always assume for simplicity that
(X9 X;;) # 0 implies (XY X;;) # 0 so that supersymmetry is completely broken, and
we will a posteriori cross-check that this assumption is valid as we have explained in the
previous section. In our examples in the next sections we will focus on the cases where W
is a physical vector multiplet, because it will be utilized for the new FI terms.

The situation is more subtle if W is chosen to be a compensator used to describe
Poincaré supergravity. In this case AX is a function of purely geometric tensors and on a
background whose vacuum preserves some supersymmetry we should have (AX) = 0, in
accordance with our earlier discussions. Although a complete analysis of this problem is
beyond the scope of our paper, we can check this property for the simplest nontrivial N' = 2
supersymmetric background — 4D anti-de Sitter (AdS) — which is the vacuum, e.g., of pure
gauged supergravity without physical vector multiplets and with a cosmological constant
term given by a standard FI term for the vector multiplet compensator W = Z = W0,
Assuming that the dilatation compensator is C = G, a straightforward calculation, along
the line given for the gauged CP! model of the previous section, shows that on-shell it
holds identically Xi(JWO) = (XZ-(]WO) — 48,ilp=0) = 0, as expected.?? The same statement
can be derived directly in superspace by looking at the superspace equations of motion
given in [68] where it was shown that A" = 2 AdS, superspace is a solution of pure N' = 2
AdS supergravity. The fact that for this model we find XZ-(JWO) = 0 is actually also quite
intuitive. As described in detail in [69], N = 2 AdS, superspace is characterized by the
presence of a so-called intrinsic vector multiplet described by a field strength superfield
W that is covariantly constant, that is D AW = 0, where the derivatives D4 are the Dy
derivatives evaluated on the AdS, solution. In an appropriate gauge, the intrinsic vector
multiplet arises as the on-shell value of the vector multiplet compensator of the off-shell
pure AdS supergravity of [68]. By construction then it is clear that <Xi(]W0)> = DWW = 0.

Let us turn back to the general case and consider again (4.21) to see how the goldstini
are related to the gaugini. If we focus only on contributions linear in fermions, by using
arguments similar to the ones used above, the following factorization holds

C—Y/4 DI Dy;(DW)AD" (DW) C—Y/4 DI Dy;(DW)
Toi=— B p e, o= — o Di(DW) + ... (4.33)
DADW)*D (DW)

2ONote that choosing C' = G one can show that Sij\ = %G’75/2Gij (F — %G”lexkl) which we will
use later.
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If again we restrict only to terms depending on X% and ?j, it is simple to prove the
following result

. 3 )
Dy%wwfzzw%w@mwm%Wﬂmw+m, (4.34)
leading to
_ D;;W) :
r, = —ac-1__ Py DI o 4.
ST N (459

Once more, note that, compared to the flat case, due to (4.11), there is also a dependence
on ViC and ﬁ?C which will eventually simplify upon taking an appropriate conformal
gauge fixing C' = 1. Indeed, in our examples we will have C' = G and in this case the
gauge fixing is G = 1, therefore, as already anticipated, the component goldstini fields
satisfy eq. (4.1). Despite the complicated form of the precise expression, it is important to
stress that, in this setup, in general (4.1) can be inverted to express the A’ in terms of the
goldstini thanks to the non-vanishing vevs of X* X;; and X* X};. Then, the supersymmetry
transformations of the gaugini (4.2) imply that the ~;, given by (4.1), transform as a
shift, that is eq. (4.3). Finally in agreement with our earlier discussion supersymmetry is
completely broken when (XY“X;;) # 0 (4.4). In the next subsection where we study the
I'ni with explicit compensators we will see how exactly (4.2) is related to (3.64).

To recap, we have seen that it is always possible to construct a composite N = 2
goldstino of the type studied in [22] within supergravity, by employing a reduced chiral
N = 2 (vector multiplet field strength) superfield. The self-consistency of such construction
requires however that the auxiliary field components of W acquire a vev. We will see now
how a new type of Fayet-Iliopoulos term can be introduced with the use of the composite
goldstini, in such a way that it will also guarantee the self-consistency of the construction.

4.2 New Fayet-Iliopoulos terms in ungauged supergravity

We are now in position to present the new N = 2 Fayet-Iliopoulos term in supergravity. We
will construct such a term for a vector multiplet superfield W defined in (3.13) and (3.14)
assuming a priori that the conditions (4.4), (4.20), and (4.29) for the complete breaking of
N = 2 supersymmetry are satisfied. At this point there are however two subtleties that do
not arise in supersymmetry but also do not arise in AN/ = 1 supergravity. These two new
elements are related to the compensators:

e In V' = 2 we have two compensating multiplets: W° and G”. As a result the form
of the new Fayet-Iliopoulos is not uniquely fixed by the superconformal invariance.

e The W° compensator is a reduced chiral multiplet and can be chosen to be the W
multiplet that enters the new FI term. We already commented how in this case the
construction of the composite goldstino multiplet might be subtle. Moreover, the
new type of FI term for W9 will give rise to gravitino higher-derivative terms that
should be treated with care. Therefore we will not consider this possibility further
in this work. From here on, we will assume

wW=w!t, (4.36)

and focus for simplicity on a model for a single physical vector multiplet.
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Let us then proceed to introduce the new FI term in supergravity that we will consider

in this paper. A rather natural generalization of (2.45) in curved superspace is!

Luon i =& [ @OBIEH(WOP/G) 67 T,W + e, (4.37)

with §~ is a complex constant, and the function # is primary of dimension and U(1) g charge
zero, which is identically satisfied by the requirement of having the combination |W°|?/G
of the compensators as its argument. For simplicity, in the following we will consider the
simple choice for H(|W°|2/G):

—0 n
WowW
H(IWOP/G) = [ G ] : (4.38)
with n being a constant integer. Moreover, for the composite compensator superfields that
enter the construction of T'y; via (4.11), (4.13), and (4.21) we set

C=G, Z=Ww°, (4.39)

Notice that as the fermion component field of G;; (xai = %v{;gzj |) is eventually set to vanish
by gauge fixing,?? then the primary gaugini defined in (4.11) will directly be proportional
to the gaugini of W. We can also relate the supersymmetry transformation (4.2) to (3.64)
once we use the compensators G and wo. Indeed, we have

- 1 - G4 G
o |lalx. — 4 V/2(S. ij| — G|y = _ Tkl Kl
Xy = 671Xy = 4GSy 0] 8T = o (VIG) = S (F - o) (4.40)
which after gauge fixing G = 1 and x* = 0 gives
XY = XY - 259F¢. (4.41)

As we will see the vacuum structure of the theory depends significantly on the way the
compensators are introduced and in particular the integer n. Then, for this choice, it
is simple to check that, in component form, (4.37) is (we leave here the compensator G
manifest for clarity)
070\n

Loew 71 = —€ GY {gXi]- + c.c.} (cbébn) + fermions, (4.42)
which leads to linear terms for the auxiliary fields X;; of the multiplet W. Such linear
terms in X;; will lead to a non-vanishing value for X;; once it is integrated out and in turn
will guarantee the self-consistency of the construction by giving (Xj;) # 0. As we have ex-
plained, the latter condition will hold when the vacuum breaks completely supersymmetry

21Gimilarly to the flat FI terms of (2.46), the function # might also depend on the physical vector
multiplet W and W. For simplicity we will not investigate this option in this paper.

22We have not explicitly studied the fermionic sector here, but when the auxiliary fields are integrated out,
the fermions x; can be always consistently gauge fixed to vanish by performing an S-susy transformation,
see, e.g., [7].
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and a verification for this will be provided by simply inspecting if the condition (3.67) is
violated. Otherwise, the new FI term we introduce in (4.37) will typically become singular
if the vevs of the fields X% and X% AX;; vanish.

Because of the existence of more than a single type of new FI term one can have a
scenario where not only a single type of FI term is switched on. For example, we could have

s wow]"
Lotipr=— » &M / BoE |08 [ G ] GV, W +c.c., (4.43)

leading to all sorts of effective potentials once the auxiliary fields are integrated out. The
term (4.43) can be also considered as an expansion of the term with H(|W°|2/G) in powers
of [W°?2/G. We will however mostly focus on only one term as in (4.38) for the rest of
our discussion.

We can now introduce the new FI terms into the models studied in the previous section
with the aim to decipher whether de Sitter vacua generically arise in this setup. Let us
consider the Lagrangian (3.26) where we also add the new FI term for a single vector
multiplet. For the vector multiplet that enters the composite I' we will set W = W' and
we will consider the Lagrangian

L={-Ly+cet+ L+ (4.44)

new FI *

Notice that there is no standard Fayet-Tliopoulos term introduced, so the theory here is
ungauged. In a standard supergravity setup this theory would have a vanishing scalar
potential as we have explained, however, we will see now that a scalar potential will be
introduced because of the new FI term. All our discussion on the bosonic sector of ungauged
N = 2 supergravity will be the same giving rise to (3.42) and (3.52), except of the part that
contributes to the scalar potential. In particular, by integrating out the scalar auxiliary
fields we will find?3

X} =-4aN"¢56, F=o0, (4.45)

where N/ Ny = 6& and
Cr = 8ot e (4.46)

Here K is the Ké&hler potential defined in (3.44). For the R-symmetry auxiliary fields
we find

U7 =0, ¢g=0, hyn=0, (4.47)

and therefore, on-shell, all the SU(2)r symmetry stops to be gauged. Eventually we find
the bosonic sector of (4.44) to be given by

__ pungauged
L= Escalar—gravity + £Maxwell —¢€ Vnew FI - (448)

The scalar potential V' that enters (4.48) takes the form

Vaew 1 = —N17¢1¢5 . (4.49)

ZIn the ungauged case with new FI term considered, on-shell it always hold F' = 0 which implies that
(Xij) = (X))
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We see that the theory has a non-trivial scalar potential without introducing any gaugings.
This novel potential generated by the new FI terms in ungauged N/ = 2 supergravity
will potentially play an important role if one adds also physical hypermultiplets to the
supergravity-matter system. Notice that in (4.44) the gravitini will have no Lagrangian
mass terms because there is no gauging.

Before we study a specific example let us comment on the properties of the scalar
potential (4.49): First, we point out that if in addition we include new FI terms for more
than one physical multiplets, say W¢, we will find that ¢; = &7 + 8@5} " where the ¢
are the real FI constants for the new FI terms of each physical vector multiplet and n; the
integers that determine how the compensators enter. Secondly, notice that the way the
new FI parameters enter into the scalar potential is simply by shifting the parameters of
the would-be standard FI terms. However, due to the specific form of the new FI terms
that we have chosen, this shift does not appear in all the terms induced by the standard
FI terms. In particular, from (4.45) and (4.46) we see that the shift happens only for
the auxiliary fields of the physical vector multiplets but not for the compensating vector,
neither for the tensor multiplet compensator auxiliary field F'. Finally, when §~Z = 0 we get
the standard N' = 2 ungauged supergravity.

We now turn to an explicit model for the construction of stable dS vacua with a single
physical vector multiplet. As discussed in the previous section, such vacua will always have
spontaneously broken supersymmetry therefore the self-consistency of our constructions
here is guaranteed. We will have CP! target space and we will allow n to take generic
values such that the impact of n on the vacuum structure is clarified. We choose the F
of (3.68) therefore the Kéhler potential and the Kéhler metric take the form (3.71). The
kinetic terms for the vectors in this example are consistent in any background because
wry = —0ry. The scalar potential then takes the form

64 £2

View FI-CP! = A= |zpyn (4.50)

We would like to study the vacuum structure of the scalar potential (4.50). There are 3
possibilities:

e For n > 0 the scalar potential will have the form V = 64 €2 4+ 1282 n |2|2 + O(|z[*).
As a result the theory generically has a stable de Sitter critical point at z = 0.

e For n = 0 the scalar potential is a constant
V(z,7) = 647, (4.51)

and the theory has a positive vacuum energy with a complex modulus z. This setup
provides the simplest model as it contains only gravitation with a positive cosmolog-
ical constant, two gravitini with vanishing Lagrangian mass (see [16] for a discussion
on the gravitino mass in de Sitter), a massless complex scalar, and two massless
abelian vectors.
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e For n < 0 the scalar potential has no critical points within the moduli space (|z| < 1)
and it will essentially describe backgrounds with runaway behavior, which drives the
scalar towards the boundary of the moduli space.

Constructing stable de Sitter vacua is not always as straightforward as it is for the
CP! model, if we restrict ourselves to a single new FI term. For example, another class of
models that we can consider are the so called t* models [2]. For these models we have

(¢1)°

F=—ifg

(4.52)

which for z = s + it gives
t? — 352 1
Nt=——T" f=—. 4.53
1268 0 ° T gs (4.53)
A known feature of the t3 model is that the standard FI term does not lead to any scalar
potential despite the gauging. On the other hand, the presence of a new FI term induces

a scalar potential for the t3 model of the form

F209.2 _ 42

Voew FI_t3 = W. (4.54)
Even though this term evades the no-potential restriction of the t3 model, due to its
destabilising runaway behaviour, it clearly does not have stable de Sitter vacua for any
value of n.

Let us also note that once the auxiliary fields X;; have acquired a non-vanishing vev the
construction of the composite I' goldstino is straightforward and therefore there is always
the possibility to include in the effective theory a pure uplift term of the form

Luplity = —/d89E T)® [ =—e (¢O$O)”+2 + fermions . (4.55)
The uplift term (4.55) is independent of the gauged /ungauged version of the theory, and it
can be introduced as long as the X;; have acquired a non-vanishing vev, namely (X gl Xij) #
0. In the case n = 0, this is the same structure of Volkov-Akulov type of the positive
cosmological constant uplift term that was used to construct in [22] the off-shell N' = 2
extension of pure de Sitter supergravity [15, 16] (see [70, 71] for seminal papers on the N' = 1
case). It is also possible to have an uplift term which is a function of the scalar primaries

Luptits = — / BoEITPUG W, W) = —eU(G, AT, A") + fermions, (4.56)

and extend (2.47). The only constraint on U(G, W/’ ,WI) is to have dilatation weight 4
and to be uncharged under U(1)g. It is clear that this uplift term, which we stress is
self-consistent only when (X inij> # 0, can lead to any sort of vacua. More in general,
the assumption (X¥X;;) # 0 and (AX) # 0 allows to write terms in the effective action
where the uplift function U(G, W/ ,WI) is modified to any function which is a primary
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of weight 4 also dependent on DWW, D, W, D&DB);CW, and SY, X8, ng, G'gdg, wes
together with their complex conjugate and derivatives D4. Assuming the effective ac-
tion consistently preserves the condition (X;;) # 0, (AX) # 0, the dependence upon the
composite superfileds might in general also be non analytic in X% Xi; leading to a very

large freedom.?*

4.3 New Fayet-Iliopoulos terms in gauged supergravity

In this section we include the new FI term in the gauged theory and we study the vacuum
structure. We consider a theory of the form

wh
new FI*

L= {—ﬁv + C'C-} + EL + 'Cstandard FI + L (457)

The discussion will follow the one we presented for the standard gauged supergravity,
however, by integrating out the scalar auxiliary fields we will find

iI A
F=-2¢4¢ , Xj=-4NY¢6;, ém= 260, (4.58)
where now
(r=¢& +880e™™. (4.59)

The full bosonic sector of the theory has the form (3.58) with scalar potential given by
V=N - 21602 (4.60)

For the gravitini masses we have
m3y = €16 (4.61)
Let us now focus on the CP! model,?
eters with &7 = (u, &) and &, &, p € R, then the scalar potential reads

~ 2
V= <(8§+§> —/ﬁ—zw. (4.62)

1—|z[)" 1—z?

and note that if we switch on all the FI param-

Note that the gravitini kinetic and mass terms have exactly the same form as in standard
gauged supergravity, that is they are given by (3.60). In fact if the full action (4.57) is
evaluated in the unitary gauge it will match exactly with the action presented in [2] for
a single physical vector multiplet, the only difference being that the scalar potential will
have the form (4.62).

To illustrate the properties of the scalar potential (4.62) we will study two limiting
cases depending on the values of the FI constants of the standard FI terms.

The first limiting case is to set for the FI constants to be

&r=0), &ueRr, (4.63)

24See [72] for extensions along these lines of the A" = 1 new FI terms.
%50ne can also study a gauged t> model with both the old and new FI terms, but the gauging does not

change significantly the discussion we had for the ungauged > model in the previous subsection.
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such that the scalar potential takes the form

8¢ ? 22
N 2 H
Y= ((1— !zP)“) WTIEp

If we are interested in de Sitter vacua there are 3 possibilities:

(4.64)

e For n > 0 the scalar is stabilized at z = 0 while the vacuum energy can be tuned and

it is given by
V= 64€% — 312,

(4.65)

Therefore the cosmological constant is not identified with the supersymmetry break-

ing scale. Indeed, the supersymmetry breaking scale is

Fsusy = (/V + 3m? = \/ 64€2 — 3u2 + 3u2 = 8¢, (4.66)
and the gravitino mass is
The mass of the scalar z is
m? =128n&% — 242, (4.68)

and it can be easily tuned to be positive. In particular, for a positive vacuum energy

we will require

64E2 > 342, (4.69)
which gives for any positive integer n
m? > (6n —2)u* > 0. (4.70)

e For n =0 (and §~ # 0) the scalar potential has again a critical point at z = 0. If the
space is de Sitter then the critical point at z = 0 is unstable and the theory develops a
runaway behavior that drives the scalar towards the boundaries of the moduli space.

e When n < 0 the critical point at z = 0 is unstable for a de Sitter background and
there is no other critical point within the moduli space.

The second limiting case is to set for the FI constants to be

§I = (075) ) gag eER, (471)

which brings the scalar potential to the form

~ 2
. 8¢ 2 |Z|2
V‘(<1—|z|2>n+f> TR )

We are interested again in de Sitter vacua, therefore there are 3 possibilities:
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e For n > 0 the scalar potential has a critical point at
20 = O7 (473)
delivering a positive vacuum energy given by

V| = (8+¢)?, (4.74)
20
while the gravitino mass vanishes. Notice that setting 85 = —¢ is not allowed, because

it would lead to a vanishing vev for Xi(jl)

the whole construction inconsistent due to the 1/(X% (I)Xf]l)) terms appearing in the

as can be seen from (4.59), thus rendering

fermionic sector of the new FI term. The mass of the scalar z is

m2| = 128n€% + 16ne — 262, (4.75)
20

and it can be easily tuned to be positive, thus providing a stable de Sitter.

The critical point zg = 0 is however not the only possibility for stable de Sitter vacua.
For example, if we set n = 1 and £ = a&, then the scalar potential has a consistent
critical point (0V/dz = 0) at z, with

6402

1_"ZOC|2:1—804‘

(4.76)

Clearly there is a bound on the values of a given by 1 > 8« such that z, lies within
the moduli space. The condition that the vacuum energy is positive gives

2 V3—1
= 2
=2+ —
which is compatible with 1 > 8. The mass of the complex scalar is positive only for

-1
>0 = 04<\/g16 .

16 — 1
6402

v

(4.77)

z

>>0 - a>

2
z

m (4.78)

We conclude that there is a stable de Sitter critical point for n = 1 for any choice of
the FI parameters within the bound
3-1 ¢ V-1 1

. 4,
6 ¢~ 16 "8 (4.79)

delivering again a positive cosmological constant that can be tuned.

Notice that for the parameter values that the critical point z, is stable the critical
point 2 is unstable. Indeed, for n = 1 and for « given by (4.79) we see that the
mass (4.75) is always tachyonic.

e For n = 0 the scalar potential has no stable de Sitter critical points.

e When n < 0 there are still de Sitter critical points at zg = 0. The mass of the scalar
at zo is given by (4.75) which can be positive even when n < 0, for large |n|, by
tuning the values of f and &.
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As already mentioned above, in our analysis we focused on constructing simple models
possessing stable de Sitter vacua. Of course, once both the old and new FI terms are turned
on there are also new possibilities for anti-de Sitter vacua, which we have not investigated
here. Though generically new anti-de Sitter vacua will arise, one has to be always careful
that the propagating states satisfy the appropriate unitarity bounds. A more detailed
analysis of anti-de Sitter vacua will be considered elsewhere.

5 Summary and outlook

New Fayet-Iliopoulos terms have been recently introduced for N' = 1 supergravity theories
that do not require the gauging of the R-symmetry [23-26], and have been studied and
developed in a series of publications [72-79]. To highlight some interesting aspects of these
constructions let us mention that new type of scalar potentials can be introduced that
lead to new possibilities for inflation in supergravity [25, 73], but also to new possibilities
regarding the vacuum structure [23, 26], while the matter content of the theory is still
described by standard N = 1 supermultiplets, including the FI gauge multiplet.

In this work we have presented new types of Fayet-Iliopoulos terms in A/ = 2 global
and local supersymmetry, generalising the A/ = 1 constructions. For the construction
and study of the new FI term, we used the formalism of non-linear supersymmetry and
conformal supergravity. The main properties of the new FI term are:

(A) Tts existence requires N’ = 2 supersymmetry to be spontaneously broken completely
to N'= 0 by the auxiliary fields of an abelian vector multiplet;

(B) Its bosonic part is linear in the auxiliary fields of the vector multiplet, justifying the
name FI term and the requirement (A);

(C) Its coupling to supergravity does not require gauging of the R-symmetry, contrary
to the standard FI term;

(D) In the unitary gauge of N’ = 2 supergravity, the fermionic part of the new FI term can
be put to zero if supersymmetry breaking occurs only by a vev of the corresponding
vector multiplet auxiliary component, defining the goldstino direction;

(E) The coupling to supergravity allows for a non-trivial dependence of the coefficient
of the linear term in the vector multiplet auxiliary fields on the compensating scalar
fields of the supergravity multiplet, therefore giving rise to a non-trivial potential for
the scalar component of the vector multiplet.

We analysed in detail the particular case of one vector multiplet coupled to N = 2
supergravity and found in a simple example that the scalar potential can have a de Sitter
minimum with the scalar field fixed dynamically, evading past no-go theorems based on
standard N/ = 2 gauged supergravity [13]. One striking property of our construction is
that we can have stable de Sitter vacua with a gravitino mass and a cosmological constant
that can be tuned, and this can be achieved solely with the use of a single N' = 2 abelian
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vector multiplet. Such construction was not possible until now in A" = 2 supergravity (as
has been explained for example in [13]), therefore our construction is expected to lead to
new model building directions both for late time and for inflationary N' = 2 supergravity
cosmology [80].

It is worthwhile to note that in the case of N' = 1 supergravity coupled to a vector
multiplet, the new FI term is unique, under the requirement that its bosonic part is linear
in the D-auxiliary field, and amounts to a constant uplift of the vacuum energy [23].
The presence of matter however brings an ambiguity that manifests in the induced scalar
potential, allowing in particular to break or not Ké&hler invariance, or even to introduce
a new function of the matter superfields [23, 25]. In the case of N' = 2 supergravity the
ambiguity appears already at the level of coupling with one vector multiplet which contains
a scalar field component. Technically, it appears through an arbitrary dependence on the
ratio of the two compensators in the superconformal formalism (vector and tensor or hyper),
as mentioned in the point (E) above.

More in general, once one adopts the assumption that N = 2 supersymmetry is spon-
taneously broken, as already commented in section 4.2, a vast freedom of new manifestly
supersymmetric terms can be consistently added to general NV = 2 supergravity-matter
systems. A way to underline the new options available is to look at what are probably the
two simplest differences between the standard and the new FI terms:

i) Recall that in the off-shell N' = 2 supergravity formulation with a vector and tensor
compensators the bosonic sector of the standard FI term (3.55) for a physical vector
multiplet is governed by a single coupling constant £ and includes three different
terms

1. 1
e_lﬁstandard FI — 5{ - gG”Xij - ng + zemnqumnFPQ} +c.c. (5 1)
1 .. . .
- 5{ — SGUXy —Fo+ h%a} Y

As we have reviewed in details in section 3, the bs A F5 coupling is responsible for
the gauging of the U (1)r € SU(2)r R-symmetry, while the second term is the one
responsible to introducing the universally negative contribution —2|£6|? to the scalar
potential, see eq. (3.59). Once we assume that local N' = 2 supersymmetry is spon-
taneously broken by the vector multiplet, and then the composite goldstino multiplet
defined by X and I',; in section 4.1 is well defined, one has the freedom to take
apart each of the three terms in (5.1) and introduce a supersymmetric Lagrangian of
the form (we neglect for simplicity the possible dependence on extra functions of the
compensators)

e{éG"inj +(Fp+ ﬁsm”qumanq} + c.c. + fermions. (5.2)
This is parametrized by three arbitrary constants §~ , 5 , and p and, by playing with this

new freedom, one can tune the different physical consequences that each bosonic term
has. The first term is typically necessary to be there since it is the one dominating
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the condition (AX) # 0. For this reason and for simplicity in the paper we focused
on the new FI term where £ # 0 and ( = p = 0 and considered as an extension a
linear combination of standard and new FI terms.

ii) Another simple difference that spontaneously broken N = 2 supersymmetry allows
(by using non-linear realization techniques) is the possibility to have uplift terms of
the form (4.56) governed by an a priori arbitrary function of the primary scalar fields
in the theory, analogously to the liberated N' = 1 supergravity of [74].

In this paper we have focused on the case where supersymmetry is broken by a single vector
multiplet, but similar analysis can straightforwardly be performed when supersymmetry
breaking is mediated by more than one physical vector multiplet and/or other multiplets, as
for instance systems of hypermultiplets. These constructions will naturally overcome known
no-go theorems as, for instance, the impossibility to introduce standard FI terms whenever
physical charged hypermultiplets are coupled to N' = 2 supergravity [3-8, 11, 65]. New
FI terms are a natural option to overcome the constraints on the couplings with charged
hypermultiplets that come with the gauging of isometries in the quaternionic-Kéhler geom-
etry. Here we have only scratched the surface of the effective N/ = 2 supergravity theories
that can be constructed using the ideas in our paper.

Another aspect that will deserve further studies is the choice of off-shell Poincaré su-
pergravity one starts from. In our paper we have chosen a description given by N/ = 2
conformal supergravity coupled to a vector and a tensor multiplet compensators [52, 62]
which can be considered as an N = 2 analogue of the new-minimal formulation of 4D N = 1
off-shell supergravity (see [7, 31, 54, 81] for reviews of the different off-shell formulations
of N'=1 Poincaré supergravity). While the vector multiplet represents a standard choice
of compensator for N' = 2 off-shell supergravity since it fixes U(1)g C U(2)g, the choice
of the tensor multiplet cannot fix the SU(2)r factor leaving a residual U (1)g symmetry
off-shell (that, depending on the model, is eventually broken on-shell). This restrict the
classes of matter theories that can be coupled to the off-shell Poincaré supergravity that
we have employed in our work. Variant choices of the hypermultiplet compensator, such as
the scalar multiplet or the non-linear multiplet originally used in [52], allow to completely
fix the SU(2)g. Alternatively, one could use an off-shell hypermultiplet compensator that,
without central charges, is known to lead in general to an infinite set of auxiliary fields
that can efficiently be handled by using harmonic [82-85] or projective superspace tech-
niques [32-34]. General 4D N = 2 off-shell supergravity-matter couplings can be described
in a covariant way by using the superspace techniques of [86, 87].26 By using these ap-
proaches, it would be natural to extend the analysis of our work and study new FI terms
in general systems of off-shell hypermultiplets.

Among the most important questions left open is how to constrain the plethora of
models with spontaneously broken A/ = 2 supersymmetry that can be constructed by us-
ing the ideas of our paper. In fact, it would very interesting to see whether there is a

26Sce also [39, 49, 88, 89] for further extensions of the formalism and [90-96] for curved projective
superspace techniques in D = 2,3,5,6 dimensions.
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possible microscopic origin of a new FI term, for instance in string theory. This would
be particularly important in view of the recent swampland conjectures (see e.g. [97] for a
review) related to the existence or not of de Sitter vacua in quantum (super) gravity the-
ories. Consistency arguments constraining the low energy effective field and supergravity
theories will hopefully give clear criteria on the allowed new terms.

Another natural question is whether there exist possible variations of the new FI
terms in the case of N' =2 — N = 1 partial supersymmetry breaking [37] (for the local
supersymmetric case see, for example, [98] and more recently [99]) or N =2 — N =0 at
two different scales [100]. For supersymmetry breaking mediated by a vector multiplet, both
cases require most likely to introduce deformations of its supersymmetry transformations
corresponding to magnetic-type FI terms [37] whose superspace description relevant to
extending our analysis can be found in [40-48] both for the global and local cases.
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A Nilpotent chirals from generic N/ = 2 supersymmetry breaking

In this section we show that when A/ = 2 supersymmetry is broken one can always construct
an N = 2 nilpotent chiral multiplet that will describe the goldstini. We will use the results
of this appendix in the main bulk of the article focusing on the vector multiplet. Let
us assume that N = 2 supersymmetry is broken spontaneously and the goldstini of this
N =2 — N = 0 breaking are the lowest components of the N' = 2 superfields ¥, and =Z,,
that, in SU(2) g notations, can be collected in an SU(2)r doublet complex spinor superfield
Ul = (¥,,Z,). These two superfields may be constrained, as it happens in the vector
multiplet, but our analysis here holds for a generic setup where it is not necessary to specify
the conditions satisfied by W% . First we observe a series of nilpotency conditions that hold
even for superfields that do not include the goldstino. These nilpotency conditions are only
satisfied because of the large number of fermions. We define the 8 that is the maximum

product of goldstini to be (U4 := Wiyl ¥t .= A KA RIVILE \114@4)
B = U2E2GE = |ufS. (A1)
Clearly we can see that
g2=0, (A.2)
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but it also satisfies a series of nilpotency conditions of the form
(Da,Da,---Da, B)Dp,Dp,---Dp, 5 =0, Vm,n=0,1,---,7, m+n<T7, (A.3)

4 -~ —a R
where D4 refers collectively to (9, Do, D, Do, D ) or (84, D%, D5) in SU(2)g notations.
By introducing the chiral projector operator A := ﬁﬁzl with D" = ﬁzﬁalﬁgkﬁlﬁ as in
eq. (2.31), we can construct an N = 2 chiral nilpotent superfield

X =23, (A.4)
that satisfies
X2=0, XDuX=0, XDusDpX =0, XDsDpDcX =0. (A.5)
To prove the first property in (A.5) we observe that
X = (&'p)@a's = A" (82"8) 0. (A.6)

The rest of the properties in (A.5) are derived in a similar manner, and they reduce to iden-
tities of the form D (ﬁD AE46) —0,D" (51) AD BE“B) — 0, and D* (ﬁD ADBDCE4,8) -
0 that are identically satisfied due to (A.3). To conclude, we stress that the above construc-
tion of a composite nilpotent chiral multiplet works for a completely arbitrary spinor super-
field ¥¢ and could be used in principle starting with multiplets other than the vector one.
The only extra necessary condition required to construct a composite goldstino multiplet for
N =2 — N = 0 supersymmetry breaking mediated by ¥! is that (D*X) = <D4E4B> #0.

B N = 2 conformal superspace

This appendix contains a summary of the formulation for A/ = 2 conformal supergravity in
conformal superspace®” [49] employed in sections 3 and 4. We use the notations of [39] and
review the results necessary for deriving results in sections 3 and 4. The structure group
of N' = 2 conformal superspace is chosen to be SU(2,2[2) and the covariant derivatives
Va = (Va, Vi, V;) have the form

1 -
Va=Es+ 5QA‘“’Mab + B4 T +i0AY + BaD + §4PKp
=F4 4+ QA/B’YM@Y —i—ﬁA’B’yMﬁ';y + @Aijjij +i®,Y + BAD + gABKB . (B.l)

Here, E4 = EoM0); is the inverse of the supervielbein super one-form E4 = dzM Ey 4,
M4 and Jy,; are the generators of the Lorentz and SU(2) g R-symmetry groups respectively,
and Q4% and ®4* the corresponding connections. The remaining generators and corre-
sponding connections are: Y and ®4 for the U(1)g R-symmetry group; D and By for the
dilatations; K4 = (K®,S&,55) and F47 for the special superconformal generators.

27 Conformal superspace was first introduced by D. Butter for 4D A" = 1 [101] and N = 2 [49] supergravity
(see also the seminal work by Kugo and Uehara [102] and the recent paper [103]) and it was developed
and extended to 3D N —extended supergravity [104], 5D N = 1 supergravity [105], and recently to 6D
N = (1,0) supergravity [106], see also [107].

— 41 —



The Lorentz and SU(2)g generators act on V4 as

[Mag: Vil = 64V, [k Va] = =63.Van (B.2)

together with their complex conjugates. The U(1)g and dilatation generators obey
Y, Vi =Vi., [V,V]]=-V}, (B.3a)
B,V =Va, [D,Vi]=3Vh, [B,7]=;7. (B.30)

The special superconformal generators K4 transform under Lorentz and SU(2)g as
[May, K] = 200Ky, [Mag, S7]=00,58)i5  [Jij, Sp] = —eriS}) (B.4)

together with their complex conjugates, while their transformation under U(1)g and di-
latations is given by:

[V, 58] = —5¢, [Y,8] =55,
D,K.] =K., [D,5%]=-35%, [D,54=—15%. (8.54)
The generators K4 obey
{508} = 216 (0°) s Ka | (B.6)

while the nontrivial (anti-)commutators of the algebra of K4 with Vg are given by
[K% V] = 20D + 2M%,,
{52, VY = 26165 — 461 M5 — 6105Y + 45577,
(K, V] = —i(0")5°S,, [S8.V4] = i(o0) ",V . (B.7a)

together with complex conjugates.
The (anti-)commutation relations of the covariant derivatives V 4 [39, 49| relevant for
calculations in this paper are

{Vi, Vi = 2e7engW s M + ie”saﬁv%W’* S5 — 57eapV WK™, (B.8a)
(ViV} = —2i6iv, 7, (B.8h)
(Vs V] = —ieas T V7 — e sV D — e sV Y + i VoW 1
acy V| = TI€ap & 25aﬂ KY: 45a,8 aB EapV aB
it a1 Siefnr ok, 1 v i
— IEQ/BVﬁnydM — EEQﬁvdkaB;yS + §€a6V"/ﬂWaBS’ZY
+ Eea[gﬁquWaKw , (B.8¢)

together with complex conjugates. The superfield W,3 = Wpg,, and its complex conjugate
de := Wy, are dimension one conformal primaries, that is K4W,3 = 0, and obey the
additional constraints

YWas = —2Was, YWM- = 2Wd5, (B.9a)

Vi Ws, =0, VEV WP = VeV W

ai- (B.9b)
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The superfield W, is the N' = 2 super-Weyl tensor. It can be proven that the previous
construction describes a superfield embedding of the standard Weyl multiplet of N/ = 2
conformal supergravity. See [39, 49] for details. .

In section 4 we also used the covariant superspace derivatives D! and D; defined in
eq. (4.7) that are useful to construct primary extensions of multiplets [49]. When acting on
a conformally primary dimensionless tensor, the algebra of these covariant derivatives be-
comes

(D, DL} = 459 Mo + 269205 X0 M 5 + 25Ve s Wis M
+2e9e,5SM iy + 4X 05T (B.10a)
(D5, D} = —48;;M* — 2¢,je P XM ° — 26,3 WM, 5
— 26688 iy — AX T, (B.10b)
(Di, D} = —2i6iDa® — 2(Go %8t + G )Y
+4(G, 50 +i1G, 51 M7 + 4G5 +1G% ) M
+ 8GN + 4i0 G *F 1T (B.10c)
with the vector covariant derivative operator Dy = (6%)aaDq given by
D& ._ o2y & 1C71/4vk U@d _ iC”l/‘lVdUDk
[C a 2 « k 92 k a
- (;cl/wfvﬁ’w + 21Gd5> Mg + (;01/2%%(] - QiGaﬁ) Vi
1 . . ; L
—i <160—1/2[v’;, ViU — GJ‘) Y + %C‘WV’;UV?UJJ,C : (B.11)

and the primary dimension zero (they are all invariant under dilatations) curvature super-
fields

1

S .— ek vy, Sij = 1032 Vi C, (B.12a)
1/2 o 1/2
Xop i= _04 VasC !, X = _04 vdﬁo—l, (B.12b)
W= C W, W= C2W 4, (B.12¢)
1 _ . i L
Gaa = —15C"IVE VarlC ™, Gogll = féc—m v . (B.12d)

As explained in [39, 49], the geometry described by the previous algebra for the Dy =
(Da, D%, DS) derivatives is equivalent to the one introduced by P. Howe in 1980 [108] to
describe conformal supergravity in a superspace equipped with a Si(2, C) x Ug(2) structure
group (see also [87]).

Open Access. This article is distributed under the terms of the Creative Commons
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any medium, provided the original author(s) and source are credited.
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