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ABSTRACT: A necessary condition for partial breaking of N’ = 2 global supersymmetry is
the presence of nonlinear deformations of the field transformations which cannot be gen-
erated by background values of auxiliary fields. This work studies the simplest of these
deformations which already occurs in A/ = 1 global supersymmetry, and its coupling to
supergravity. It can be viewed as an imaginary constant shift of the D-auxiliary real field of
an abelian gauge multiplet. We show how this deformation describes the magnetic dual of
a Fayet-Iliopoulos term, a result that remains valid in supergravity, using its new-minimal
formulation. Local supersymmetry and the deformation induce a positive cosmological
constant. Moreover, the deformed U(1) Maxwell theory coupled to supergravity describes
upon elimination of the auxiliary fields the gauging of R-symmetry, realised by the Freed-
man model of 1976. To this end, we construct the chiral spinor multiplet in superconformal
tensor calculus by working out explicitly its transformation rules and use it for an alter-
native description of the new-minimal supergravity coupled to a U(1) multiplet. We also
discuss the deformed Maxwell theory in curved superspace.
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1 Introduction

Deformations of supersymmetry transformations play an important role for realising a
partial breaking of extended supersymmetry [1-3]. In N' = 2 super-Maxwell theory, such
deformations involve six parameters. Three of them can be generated by background values
of auxiliary fields of the off-shell representation, in a real SU(2) R-symmetry vector. The
other three are their magnetic counterparts, absent in off-shell representations. They can
be obtained formally by considering a constant imaginary part for every component of the
SU(2) triplet of auxiliary fields. In other words, these six deformation parameters form a
complex SU(2) vector Y and global supersymmetry is partially broken N =2 — N =1 if
the deformation vector is non-trivial and nilpotent in the vacuum:

Y?>o0, Y2=0.

This is explained for instance in refs. [3, 4].
An interesting question is to understand the coupling of a deformed supersymmetric
theory to supergravity in relation to (partial) supersymmetry breaking. In this work,



we make a first step towards this investigation by studying a non-trivial supersymmetry
deformation in a simpler context, namely at the level of N'= 1. The type of deformation
considered in the present paper has already appeared in the context of the supersymmetric
Dirac-Born-Infeld theory and partial N' =2 — N = 1 supersymmetry breaking [4-6] but
here we will focus on a purely N' = 1 analysis.

Indeed, in N' = 1 super-Maxwell theory, the real auxiliary field D can generate an
“electric” deformation (equivalent to a Fayet-Iliopoulos term), while its magnetic counter-
part, which can be formally obtained by adding to D a constant imaginary part in the
supersymmetry variations, corresponds to an integration constant in the supersymmetric
Bianchi identity. In our analysis here, we show that such an integration constant is equiv-
alent to a ‘magnetic’ Fayet-Iliopoulos term, dual under electric-magnetic (EM) duality to
an ‘electric’ Fayet-Iliopoulos term. A corollary of this result is that one cannot add ‘elec-
trically’ charged chiral multiplets in a local action containing the deformation, since they
would correspond to magnetic monopoles in the dual theory which has a Fayet-Iliopoulos
term. In the presence of several U(1)’s with corresponding deformation parameters, charged
matter should satisfy the condition of being neutral under the U(1) combination contain-
ing the deformation, while non trivial charges can exist with respect to all orthogonal
combinations for which supersymmetry variations are not deformed.

We then proceed to the description of the deformation in supergravity, considering the
simplest case of pure A/ = 1 supergravity coupled to an abelian U(1) multiplet. The main
observation is that an integration constant in the supersymmetric Bianchi identity can be
obtained as a background value of a linear multiplet. Since the Bianchi identity involves
the chiral spinor gauge field-strength superfield W,, it is natural to consider a general
chiral spinor superfield which contains the degrees of freedom of a Maxwell multiplet and
of a linear multiplet [7, 8]. The usual Bianchi identity eliminates the latter and leaves the
gauge multiplet in the physical spectrum, while the presence of an integration constant
may arise from a background value for the linear multiplet. To avoid adding extra degrees
of freedom in the theory, we identify the linear multiplet with the compensator of the new-
minimal [9, 10] off-shell formulation of N' = 1 supergravity [7, 8, 11]. The deformed Maxwell
theory can thus be constructed in a similar way as the undeformed one by implementing
the deformation in the Bianchi identity of W, stemmed from the linear compensator.

As in the global case, one finds that the deformation becomes a Fayet-Iliopoulos term
in supergravity after performing a EM duality. The Fayet-Iliopoulos term generates a
positive cosmological constant proportional to the square of the U(1) coupling and can be
described by the well-known Freedman model where the R-symmetry is gauged and the
gravitino and gaugino are charged under it [12]. Therefore, the deformed theory provides
a magnetic dual description of the Freedman model off-shell. However, after eliminating
the auxiliary fields in the supergravity context on the deformed theory side, the leftover
propagating U(1) vector boson gauges again the R-symmetry under which the fermions are
charged (see e.g. [11, 13]).

More precisely, from the argument in global supersymmetry presented above, one
would expect the absence of charged particles on the side of the deformed theory. Indeed
the fermions (gravitino and gaugino) are neutral under the off-shell Maxwell field. However,



one finds that the latter becomes unphysical and upon appropriate gauge conditions and
integration over all auxiliary fields, the physical propagating gauge field corresponds now
to the R-symmetry U(1) gauge field, and thus the fermions remain charged. The resulting
theory is shown in fact to be equivalent to the Freedman model on-shell.!

The outline of the paper is the following. In section 2, we discuss the D-deformation in
N =1 global supersymmetry and show that it corresponds to a magnetic Fayet-Iliopoulos
term. In section 3, we shortly review the new-minimal formulation of pure supergravity |7,
9, 10] needed in the following. In section 4, we construct the coupling of the deformed
super-Maxwell theory to supergravity using the method described above which consists of
modifying the Bianchi identity of a chiral spinor superfield by a term proportional to the
compensator linear multiplet with a constant coefficient playing the role of the integration
constant in global supersymmetry. In section 5, we describe the introduction of the Fayet-
Iliopoulos term in new-minimal supergravity and show how this formulation is related to an
old-minimal theory with the Maxwell multiplet used to gauge the U(1)g superconformal
symmetry, following for instance ref. [11]. This is the Freedman model [12]. We then
compare it with the deformed super-Maxwell theory and verify that the two theories are
indentical once auxiliary fields have been eliminated. In section 6, we work out the EM
duality in supergravity, generalising the result of global supersymmetry and we show that
in the absence of matter the deformed super-Maxwell theory is dual to the Freedman model
of gauged R-symmetry. Section 7 contains a summary of our results and an outlook. The
paper is also accompanied by three appendices: appendix A contains our conventions and
useful formulae; appendix B describes the local superconformal chiral spinor multiplet used
in the main body of the paper; appendix C is devoted to a complementary description of
the deformed Maxwell theory in curved superspace.

2 D-deformation in global N/ = 1 supersymmetry

The N = 1 super-Maxwell theory is usually formulated in terms of a chiral spinor superfield
W, subject to the superfield condition?

DW, = DaW* (2.1)

which imposes the Bianchi identity ), F,, = 0 on the Maxwell field-strength F),,,.
Consider instead an arbitrary chiral spinor superfield T, DsTg = 0 and its conjugate
T4 = (Yo)*. The superfield D*T, — DT is real and linear [16, 17]. The condition

DYy — DX =L (2.2)

!Using BRST methods to study deformations of A = 1 supergravity, a similar but not identical model
has been presented in [14, 15].
*We use covariant derivatives



defines Y for a given L, DDL = 0, up to a solution Yo, of eq. (2.1), which is?

Tou=iWa,  Tou—iWa,  Wa= _impav, Wea = _% DDD.V, (2.3)

where V' is a real superfield. In the simplest case, we can take L to be a (real) constant,
L = 4(¢. This amounts to give a supersymmetric-invariant background value to the lowest
scalar component of L. The solution of

DY, — DaT* = 4¢ (2.4)
is
Yo = —COq + iW, = iW3, Yo = —COq+iWes=iWe" (2.5)
where the deformed chiral Maxwell superfield is
WA = Xy + Oa(D +i¢) — %(J“E”G)QFW — 00 (6”9, )4 (2.6)
def &

and satisfies the deformed supersymmetric Bianchi identity D*Wdef — D W = —4i(.
The supersymmetry variation of the gaugino is now

1
g = —Ceq +1Dey — Z e[O"u7EV]FMV. (27)

Therefore A appears to transform like a Goldstino because of the deformation.
To see the role of the deformation, consider the lagrangian

L= —%Im {%/Cﬁer?} — ;/dQGdQGU(DO‘Ta—Dde —40), ?:;—2—1—19, (2.8)

where T, is a chiral spinor superfield without extra constraint and U is a real scalar
superfield.

Eliminating U imposes the constraint (2.4) on T, and leads to a deformed Maxwell
theory

Ly = %Im [%/d2ewgef] = %Im [%/cﬂamﬂ] —i—%(—CQIm?—i—QCDRe?), (2.9)

where we used Wdf = W, + i¢6,. Notice the emergence of a Fayet-Iliopoulos term
proportional to the theta-angle Re 7, induced by the deformation, as was noticed in the
context of N =2 [3, 4].

Alternatively, we can integrate by parts and rewrite the lagrangian (2.8) as

1 S _
L= Im/d29 (?W n ;TO‘DDDQU> n 2§/d26d29 U. (2.10)
Eliminating T, we arrive at

1 _ j — 1
Lp =5 1m [T/d%) WQ] + 2§/d20d20U, Wo=—7DDD.U;  7=—=. (211)
T

3With this convention, W4 = —(Wa)*.



The last lagrangian (2.11) is the standard “electric” expression of the super-Maxwell
theory with a Fayet-Iliopoulos term. It is the electric dual of the “magnetic” la-
grangian (2.9), with the deformation induced by (. In both the electric and magnetic
descriptions, a constant value

S 21

S mE = 9 Ime (2.12)
is added to the super-Maxwell lagrangian, after eliminating D. The Fayet-Iliopoulos term
can be seen as a nonlinear deformation of A induced by a constant (D). In the mag-
netic dual, the deformation is induced by the parameter ¢ introduced in the Bianchi iden-
tity (2.4). As expected, the electric and magnetic couplings are related by 7+ —1/7 = T.
At the superfield level, the magnetic (2.9) and the electric (2.11) versions are related by
the map of field strengths W, <— 7 Wef 4

To summarise, the above argument shows that the deformation in the Bianchi iden-
tity is equivalent to a Fayet-Iliopoulos term in the ‘magnetic’ dual theory. The constant
term (2.12), which is irrelevant in the context of global supersymmetry, acquires relevance
when the theory is coupled to N/ = 1 supergravity or if 7 is promoted to an analytic func-
tion of some neutral chiral superfields. It is then interesting to evaluate the scalar potential
obtained in the presence of both ‘electric’ and ‘magnetic’ Fayet-Iliopoulos terms. This is
possible by adding in the deformed theory (2.9) a term linear in the auxiliary field D with
a constant coefficient £, which transforms with a total derivative under supersymmetry. In
this case, the constant (2.12) is replaced by the scalar potential

~\2
V:;{W—l—gzlm?} (2.13)

ImT

which is invariant under 7 <+ —1/7 (or 7 <> —1/7) and the exchange (£, () — ({, —¢). This
contribution can be obtained from an N = 2 supersymmetric theory by restricting the
electric and magnetic triplets of Fayet-Iliopoulos terms to the D-direction and identify 7
with the second derivative of the prepotential [3, 4]. Note that it has a runaway behaviour
towards strong coupling (Im7 = 0) after minimisation with respect to the theta-angle
¥ = Re7, when minimising with respect to g. A non-trivial superpotential is needed to
stabilise the theory.

Another question concerns the addition of charged matter. This is straightforward
in the dual version of the theory containing a Fayet-Iliopoulos term. On the contrary, it
is not possible to add charged matter in the presence of the deformation. One can infer
this from the fact that the real vector superfield needed to describe gauge-invariant kinetic
matter lagrangians cannot include the deformation.” Consider the standard real and gauge
invariant ®e" ® used to couple a chiral multiplet (with U(1) charge one) to the real Maxwell
superfield V. The kinetic lagrangian includes a Yukawa interaction involving the gaugino:
L (zw - zw). (2.14)

V2

4See refs. [5, 18] for more detail about electric-magnetic duality transformations in superspace with and

e P —

without Fayet-Iliopoulos term and Bianchi identity deformations.
°In other words, W2°f in eq. (2.5) cannot be written as —iDDDaV, with a real V.



Its deformed variation is

V2 V2

where 6gefAa = —C €q, Odef A = —C €. This variation cannot be cancelled by a (-dependent

(Faet\)6 — 20t = ——=C (Fe — 2e)) = —iC(z02 — 262),  (2.15)

counterterm added to the lagrangian. This simple argument easily generalizes to an arbi-
trary Kéhler potential.

It follows that in the case of several U(1)’s with different deformation parameters (;,
charged matter fields should satisfy the requirement of being neutral under the U(1) com-
bination containing the deformation, while non trivial charges can exist only with respect
to the remaining orthogonal combinations for which supersymmetry variations are not de-
formed. This requirement is translated to the follwing condition on the physical charges g;:

> a6 =0, (2.16)

where the various gauge couplings are implicit in the definition of the charges.

This apparent obstruction seems to have an important physical implication for mag-
netic monopoles. Indeed, states with magnetic charges may be in principle added in the
theory with a deformation in the electric Bianchi identity (although its local description is
not known), since they correspond to electrically charged states in the dual theory with a
Fayet-Iliopoulos term. On the other hand, magnetically charged states seem to be forbidden
for a U(1) with an electric Fayet-Iliopoulos term, since they would correspond to electrically
charged matter in the deformed theory in view of the obstruction described above.

In the context of global supersymmetry without coupling to matter, which is the focus
of our paper, the above discussion is not fruitful: we are merely considering a free theory.
It acquires relevance when coupled to N’ = 1 supergravity that we study in the following.

3 Supergravity

In the previous section, we have introduced in global supersymmetry a deformation of
super-Maxwell theory which is the magnetic dual of the standard, electric, Fayet-Iliopoulos
term. In the rest of the paper, we extend this construction to supergravity. We use a
superconformal formulation,® which is certainly appropriate to describe the super-Maxwell
system, and, since the idea is to use the linear multiplet L of eq. (2.2) as compensating
multiplet, we use the new-minimal formulation of A" = 1 supergravity [9, 10].” As usual,
the resulting new-minimal theory can be transformed (before Poincaré gauge fixing) into
the old-minimal one by a superconformal chiral-linear duality transformation [11].

The superconformal formulation of new-minimal N' = 1 supergravity uses a real linear
multiplet L as compensator [7, 8, 11]. Its lowest component C' is used to gauge-fix Weyl

®Reviewed in ref. [13].

"By definition, minimal supergravity has an off-shell multiplet of fields with the gravitino as the sole
fermion. It has then 12 bosonic and 12 fermionic component fields (12p + 12¢). There are two choices of
auxiliary fields, leading to old- [19-22] and new-minimal [9, 10] supergravity.



symmetry with the condition C' = x~2. Hence, one can transport the discussion of global
supersymmetry to new-minimal supergravity by defining a chiral spinor multiplet with
weights w = n = 3/2% through the equation’

DYy — DX = 4C L. (3.1)

As a consequence, T, includes the Maxwell multiplet and the “prepotential” of the compen-
sating real linear multiplet L. Gauge-fixing superconformal symmetry will then generate
a deformation parameter 4Cx~2 in the Poincaré theory, completely analogous to 4¢ in the
global case.

3.1 New minimal supergravity

The auxiliary fields of the 125 + 125 off-shell multiplet of new-minimal supergravity are [9,
10] an antisymmetric tensor By, and a vector field A,. Both are gauge fields and contain
3B +3p field components. The vector A, is the superconformal U(1)r gauge field, and B,
is in the linear compensating multiplet L together with the real scalar C' and Majorana
fermion x. It is convenient to describe the linear multiplet L as a real multiplet with weight
w = 2,n = 0 and components:

L:(C, X, 0, —E., —+"Dyx, —Dc), DYE, = 0. (3.2)

The constraint D*FE, = 0 can be solved explicitly in terms of B,;, and the solution is given
in eq. (B.10). The superconformal construction [7] of the new-minimal theory [9, 10] is
based on the lagrangian

3 L
£new—rnin = 5 |:L In ﬁ - L:| 5 ’ (33)
where S is a non-dynamical chiral multiplet with w =n =1 and [...]p is the real invariant

density formula for a real multiplet with w = 2.1° Since [L(A + A)]p is a derivative for a
chiral multiplet A with w = n = 0, the action is invariant under the gauge transformation

s — ers (3.4)

even if this gauge symmetry is not explicitly gauged.!! Since the zero-weight real multiplet
In % transforms under (3.4) as a Maxwell vector multiplet, one can take the Wess-Zumino
gauge by an appropriate choice of the components ¢, 1, and f of the chiral multiplet S.
In terms of the components C, x and B, of L, the choice is

= \/5 7:01’ = Z ia 5 p— 0 35
© e (053 g X f (3.5)

8We denote by w and n the Weyl weight and the U(1) g charge of a field or a multiplet. The normalization

of U(1)g is such that w = n for (the lowest component of) a chiral multiplet. Note that, we mostly follow
the conventions of ref. [13], with some exceptions stated in appendix A.

By D*Y, or Ede7 we mean the local superconformal multiplets with weights w = 2, n = 0 cor-
responding to the global superfields D®Y, or DsYT". A curved superspace meaning to the covariant
derivatives D® and D4 can be given by using a “conformal superspace” approach [23] to N' = 1 conformal
supergravity, see appendix C.

10The term linear in L is added for convenience: it only contributes with a derivative.

1 An explicit gauging for the chiral multiplet is given by Se¥'S with V being the gauge multiplet.



which as usual leaves arbitrary the phase « of ¢ which always appears in the combination
A, — Oya. It thus can be eliminated with a U(1)r gauge transformation. Note that this
procedure respects the superconformal U(1)z symmetry. Poincaré gauge fixing applied to
the components C, x and By, of L is then

1
C = — (Weyl), x=0 (S supersymmetry). (3.6)

In addition, conformal boosts are fixed by the choice b, = 0 (Weyl gauge field). With these
choices and gauge fixings for S and L, one can easily use the D-density formula (A.5) to
compute the component expansion of the lagrangian (3.3) and obtain the pure new-minimal
Poincaré supergravity off-shell theory. These gauge-fixing conditions will be used in the
rest of this section.

There are two useful expressions of the new-minimal Poincaré theory. The first is

Lew-min = 2— [R — 4,y Dyhy) — Bi eE°E, — §eA P79, By, (3.7)
where R = ehe R“b( (e, 1)),
EF = %e“”f"’apra + 4%2 P oty (3.8)
and
Doy = Dy — Sidisty, DYy = 0y + g wranle, Ay (39)

Note for future use that eq. (3.8) solves the constraint

e —
Dy (eE“ ] %v“”%%) =0, (3.10)

where the second term includes the divergence of the gravitino chiral current. This first
form (3.7) of the new-minimal action is explicitly invariant under U(1)g, with lagrangian
variation

3
OR Lnew min = _5 8u [6 AT 6'ul/paaI/Bpa] (311)

induced by the A, term is eq. (3.7).
The second equivalent expression useful to eliminate auxiliary fields is
3 2
En w-min — R MVpD —_— EaE -3 AaEa
2 == [R — wufy’“’pD z/Jp] —3e AL E”,
defining a shifted U(1)z gauge field as
2
Al = A, + T E,. (3.13)

In pure supergravity, the equations of motion of the auxiliary fields lead to E, = 0 and
A, = Al = pure gauge, which then also vanishes by a gauge choice.



The spin connection w, % = w,%(e, 1)) solves the constraint R}, (P) =0 on the curva-
ture of space-time translations, with b, = 0. It decomposes into

w,ﬁb = w,ﬁb(e, Y) = w,ﬁb(e) + /ﬁuab, (3.14)

with Poincaré spin connection

1 1 1
w, P (e) = —5(8Me$ - 8,,eZ)e”b + 5(8#6?, - al,eZ)e”a - 56"“6“’(8’063 —Osep)ene  (3.15)

and contorsion tensor
11— _ _
= [y e+ B = P00 (3.16)

When the theory is expressed in terms of the Poincaré spin connection w,(e), the kinetic
supergravity lagrangian produces the usual four-gravitino interactions

(&

5 [ 4@ @) = B 0th) () = 26,78,) @ ) |- (3.17)

Lisa =

4 The deformed super-Maxwell theory in supergravity

The description of the deformed Maxwell theory in conformal supergravity uses a full chiral
spinor multiplet T with weight w = n = 3/2 and with 85 + 85 off-shell field components.
As seen in eq. (3.1) which has a superconformal version and in appendix B, it combines
the super-Maxwell fields and the linear multiplet L. Then, as outlined in the global case,
applying the Poincaré gauge-fixing conditions (3.6) to L used as compensating multiplet
will generate a deformation in the Poincaré supergravity theory.

The field content of the chiral spinor superfield includes the real scalars C' and D,
the two-form (non-gauge) field B,, and two Majorana spinors A (gaugino) and x. Since
this superconformal multiplet does not seem available in the literature, its supersymmetry
variations are given in appendix B. It includes two submultiplets: the Maxwell multiplet
with fields A\, D, A, (with field-strength F,;), and the linear multiplet with fields C, x and
the gauge field B,,,. Its decomposition into these two 4p + 4 submultiplets is consistent.
In particular, the vector field E® present in the supersymmetry variations is defined as
Ee = %e“deDbBcd in the chiral spinor multiplet and as the solution of D*E, = 0 in
the linear multiplet, with the covariant derivatives relevant to each multiplet. That both
definitions lead to the same expression depending on B,,,,, C' and x follows from the Bianchi
identity holding among components of the Maxwell submultiplet. This argument also
implies the decomposition By, = BW—]/-:W with the superconformal Maxwell field-strength

~ 1 1—
‘Fl[’“j = a“.A,/ - ayAy, + 5 ¢H7V)\ - 5 ¢y’yﬂ)\7 (41)

where we use the symbol hat to denote the superconformal field strength, including
fermions.



To characterize the interaction of the linear submultiplet identified as the compensator
of new-minimal supergravity with the super-Maxwell fields, we need a coupling constant
¢. It is simply introduced by rescaling the components of the linear multiplet

C, X, Bw — (O, (x, (B, By = By — Fou,

within the chiral spinor multiplet. The parameter ¢ will characterize the supersymmetry
deformation in the final lagrangian. Note for future use that the vector field (3.8) becomes

1, 1 — 1 —
EN = i E'u paaprU + E e'u po-ay(wpq/o')\) + 471‘{2 6” pawp')’a—wy. (42)
Since the square of the chiral spinor multiplet Y2 is chiral with weight w = 3, its
components can be introduced in the superconformal F-density action formula, [Y?]p.

The deformed super-Maxwell theory is defined as
1 2 v 2
Ldet Maxwell = —5 Re[Y"]p — 5 Im[Y]F, (4.3)

whose explicit expression is computed in (B.23). The real part provides the super-Maxwell
lagrangian with canonically-normalized kinetic terms and the imaginary part introduces an
arbitrary parameter 1. The theory has then two parameters, ¢ and . Adding a coupling
constant factor ¢g—2 to the first term is not necessary since it can be absorbed in Y and
is not observable.!'? After some work to rearrange four-fermion terms and applying the
Poincaré gauge-fixing conditions (3.6), one finds

1 —1 2 1 b 1< 1 2 <2
- T2p = — = ByyB® — = M DA+ = D? — >
26 Re[ }F 4Bab8 9 Y + 9 92
1 ¢ . 1
+ 1 wufyu <I€2 - ZD75>)‘ - TG Bab wufyu[fy 7’7b] )\ (44)

I — A 14
- é (w,ufyl/)\)(wpﬂypu )\)
At this stage,
3. 1 0 b 1 i 1 .
DA =9\ — 5° AuysA + gwuabh I+ ﬁd’u 3 D5, + gh Y Ju Bap. (4.5)

Defining the Poincaré-covariant derivative
1
DEIN = 9\ + < Waab 7% YA (4.6)

with spin connection wyq, given by eq. (3.14) leads to the deformed super-Maxwell theory

—— | = —— W _\v'D +=-D" + - a A, — =—
26 Re[ ]F 1 B B 2)\’}/ Y A 5 T AY Y5 A 9l ( 7)

1— ca C A 1 — o v
= 5 YA Bay + 5,3 Va7 A = 5 0w )@, 77A).

12WWe will return to this at the end of the section.

~10 -



For ( = 0, the lagrangian (4.3) reduces to the one of super-Maxwell theory, with also
By = — Aab. But for ¢ # 0 the Maxwell gauge field A, is not expected to propagate
degrees of freedom since it can be eliminated by a gauge variation of B, .

If the Poincaré spin connection wj,qp(e) is used in expression (4.7), a second four-fermion
terms is generated by the contorsion tensor (3.16) located in the Dirac kinetic lagrangian.
Using M%)\ = 0, it reads

1 3 ~,abc 3 ~,abc A
= g Fabe AN = =0 QN (Do mide). (4.8)

1
=5 (
32

The fact that supersymmetry is broken when C' = k=2 follows from the presence of a
constant, nonlinear term in the gaugino variation:

Li¢ . :
0N = ) </~£2 - 2D75> € + linear, (4.9)

which also shows again that the (-deformation cannot be absorbed or generated by a
Fayet-Iliopoulos term inducing (D) # 0. In addition, since
24

1
ox = 3757 + 3 E. %, (4.10)
the invariance of the Poincaré fixing condition x = 0 implies that the Poincaré supersymme-
try has a parameter ep which combines € = ep (Q supersymmetry) with a S supersymmetry
variation with parameter n = % E%yavs€p.

The ¥-term in the lagrangian (4.3) is

Y e — — e
-5 ImY2 =29 —3 e"P7 (Buy + ¥, 7 A) (B + V70 A) + s (D
o ; B (4.11)
- THQ wa”%A 1 3u(€ )\VM%)\) .

It depends on
1— 1—
B + B YA — B Yy YA = (B — O Ay + 9, Ay, (4.12)
and for ¢ = 0 it reduces to the super-Maxwell expression

9 € o oo 1 -
—5 Im T%\/[axwell = —éﬂ Sads qupr' — 119 8M(e A’yu’}%)\) N Fuy = aMAV - aVAM

Y -
=5 O <e P’ A,0,As + % e )\'y“'y5)\> , (4.13)

which is a total derivative. If the theory is deformed by coupling the Maxwell theory to
the compensator, i.e. if ¢ # 0, it also naturally includes a Fayet-Iliopoulos term ex=29¢ D
with free parameter . Since it is a derivative for ¢ = 0, the J-term generates a lagrangian
with terms linear or quadratic in the linear multiplet fields C', x and B,,. Before applying
the Poincaré gauge fixing (3.6),

1 e — e ~
-5 Im7Y?2 = -3 2P B, Bpy + e CD — eC Ax + ZC P B F oo

; 1 (4.14)
— ie( C@“’y“%)\ — 16( e"P? B, @p%)\ + derivative .
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Coupling the deformed super-Maxwell theory to new-minimal supergravity amounts
to consider

3 L 1 9
L= Enew min SG T £def Maxwell = |:L In— — L:| — - Re |:T2] P - 5 Im |:T2:| P . (415)
D

SS 2
In components and with Poincaré gauge fixing (3.6), this lagrangian reads
1 1 —
-1 P
e L= 92 R— 2.2 1%7’“4)771(/ )wp

¢ 1 C — 4.16
~51 3 MDEIN - =5 %7 Y5 (0 + iv5) A — (%% ) (W) (4.16)
+ e_lﬁaux.-

The auxiliary lagrangian L,y includes the contributions of By, of D and of the U(1)g
gauge field A,. A first expression is

3e/<; 3ie

Lonx. = E Bt — 3€A Eu—{——A )\'y Y5\ + = D2_|_72€19D

(4.17)

acd)\
3

9 _ _ _
-4 Babsab — 5 e (B + 5,00 Bor + 070 N) = 5 Bea V)

e
4
where E* is given in eq. (4.2). The first two terms originate from the supergravity la-
grangian, while all others from the Maxwell lagrangian.

Working from here on with ¢ # 0 and defining a new U(1) gauge field by generalis-

ing (3.13) as

;2 12
gAM =A,+ 1 —FE, + z)\'y,ﬁg))\ C(#0 (4.18)
leads to a second expression:
»Caux. = —eC/Tu <E# - jl/\VM’Y5>\> - ZBabBab - ZBcd @af)/(wd/\

v vpo A A

= €€ (B + 0,70A) (Bpo + wp%w (4.19)
3exr

+ i (/\7 152 (Va5A) + 3 * p? +3 S CoD.

The first contribution, which follows from the couphng —3e A, E* of eq. (4.17), indicates
that even if B, has a two-derivative lagrangian in eq. (4.17), it does not propagate degrees
of freedom. It is auxiliary, as in pure new-minimal supergravity, but it is not any longer a
gauge field. It includes then six components, the number required by minimal supergravity.
Using now expression (4.2) and integrating by parts, one finds an equivalent £,y in which
Bap has a simple algebraic field equation:

e )
Lo, = -1 BB, — 3° P BBy

1 = 1 >~
— 4 e F By — € F 30\ + 5 DY 4 5 (D
ZC A 1 — uvp N AV v Qvpo (o7 e (420)
e dy | 5 PPy + A A |+ See (V7w A) (W75 A)
2

_ _ 3ek
+ Z (DY) (W, 7pA) + ZT (A 5 0) (Aa5A).-
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The above expression depends on the abelian field-strength of EM,

~

~ ~ 1— . 1— )
F.,=0,A,—0,A, + 577!)”7,,(275 + A — 51,[),,7“(175 + I\ (4.21)
It is covariant under the supersymmetry variation
~ 1 ,
0A, = —56’)’#(’19 +iv5) A, (4.22)

suggesting that the supersymmetric partner of gﬂ is A = (941iv5)A. Note that in eq. (4.20)

the field strength f,w constructed from the U(1)p gauge field A, has a B A F (electric-
like) interaction with the antisymmetric tensor while the original Maxwell field strength
ﬁlW only appears in the (magnetic-like) combination By, = (B, — ]?W, WAhich is auxiliary
(see eqs. (4.7) and (4.11)). As we will soon see, the emergence of the B A F coupling plays
a crucial role in the integration of the auxiliary fields and an associated electric-magnetic
duality transformation in the theory.

Eliminating D leads to

Y
D= —i—Q ) (4.23)
implying the supersymmetry variations
. C . . N C 2 - .
oA = _ﬁ(l + 1975 )€ + linear, 0N = _ﬁ(l + 99)iys€ + linear, (4.24)
K K
while the cosmological constant becomes
¢ 2
Finaly, eliminating B, leads to
~cd
By = 1 T 192 |:’l9 Fap+ 5 6(JLbcd}? :| . (426)
It follows that
e UV 9 oo S B eg“?ﬁ? 1 ywpo S T
£aux.:_m F Fuu—§€ Fm/Fpo - 244 _Zee Fuuwp%)\
i ~ (1 — - Y — —
+ ZC e Ay (m? Y P 5 + M”%A) + 5 e WA W) (4.27)
€ —  wp\\T 3er?
+ 1 (@GP NW0A) + = AN 150) (Ash)

64

~13 -



so that the complete lagrangian, upon elimination of B, and expressed in terms of X and
of the Poincaré spin connection wyqs(e) reads

eC?

2 9,4
e MY 19 ~ — B
_ m |: FMV — 5 eul/pUFuquO' -9 )\,Y;LD!(LP))\]

ie( ~ y 1
+ T < 5 DY, + 172 e 75A> (4.28)

1eC

1 e — y _ -
L=55eR— 5500, — g (L4 0%) = 50,7

2K2

~

_ IS 1~
Eﬂvpo(¢uyy(ﬁ —i75)\) <Fpo' 35 @ZJP’}/U)\>

¢
4(1 4+ 92)
3ek?

IRTERTE
with field-strength

= ~ = ~ e = ~
(A 95 2) (Ayu5A) — 20509 (AP (1) + La,sGs

32(1

= ~ ~ 1 o~ 1 o~
Fuy = 0,4, —0,A, + 51%%)\ - gwmﬁ (4.29)
and with four-gravitino terms £4 3¢ given in eq. (3.17).

Since

~ ~

P (Fuy = 6,00\ (F o = 670 0)
is a derivative, one finally finds
eC?
2% 9,4

e THY
= _ wp(P)
e [F Fpu — 229D}, A}

e ~ 1 — 1
|l A, </~@2 VP s + 102 pets 75A>

C

L= DD, = S (L4 0%) = oS s

(&
22 B 52 Yu

4 (4.30)

T e ﬁ B ST
+ 4(1_‘_292) € (QZ)M’YV’YE) ) po 21/}/)70'

3ek?

RS
+ L45¢ + derivative,

0153 Bois) = 35755 G (@)

where the spin connection in the Poincare covariant derivative P is wWuab(e) of (3.15).

In the first line of the above expressions (4.28) and (4.30), the last two terms are such
that the ¢? contributions in their supersymmetry variations cancel. The second line is the
super-Maxwell kinetic lagrangian with a gauge coupling v/1 4+ 92. The third line implies
that both the gravitino and the gaugino X have U(1) charge ¢/2 in units of the U(1) gauge
coupling of Zlu. The terms in the fourth line can also be seen in eqgs. (4.7) or (4.11). Note
that after canonical normalisation of the gauge and gaugino kinetic terms by a rescaling
of ﬁu and \ with the factor v/1 + 92, the super-Maxwell part of the lagrangian depends
only on one parameter ¢ = (V1 + 9¥2/2 which amounts to the physical U(1) charge of the
gaugino. In particular, the cosmological constant is given by

== (4.31)
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To exhibit electric-magnetic duality between the original .7?,ﬂ, (eq. (4.1)) and the dy-
namical F w (and their supersymmetry partners) and make the connection with the global
supersymmetry case of section 2, we may introduce back a complex gauge coupling in front
of Y2, as in eq. (2.8):!3

1

~ ~ 1
Ldef Maxwell = ) Im [TT2]F , T=90+—

. (4.32)
g2
Restoring the factors of g in the above analysis, it is easy to see that the gauge kinetic

terms in the second line of eq. (4.28) read

“tmr|F F PR - oo F 4
=4 m7 uw — 22D, )\} —§R6T66 wl oo (4.33)
with complex coupling
1
T=—=. (434)
T

Hence, the physical complex coupling of the propagating super-Maxwell fields is inverted
with respect to the lagrangian coupling 7. This duality inversion is due to the presence in
the first line of the auxiliary lagrangian (4.20) of terms quadratic in the auxiliary tensor
By, as displayed in the solution (4.26). The above expression (4.30) indicates an “electric”
theory, dual to the original deformed “magnetic” theory (4.3), as could be expected since
the starting point was the (B, — .7?”,, coupling of the original Maxwell field.

Note also the agreement with the globally supersymmetric deformed Maxwell theory

case (2.9) and (2.11). Moreover the cosmological constant reads:

¢ ¢

> R 4.35
264 ITm7 2k% Im7’ ( )

in agreement with (2.13) for £ = 0. In the next section, we show that the “electric”
supergravity theory (4.30), (4.33) corresponds to a standard gauging of the R-symmetry
with the deformation parameter ¢ being the coefficient of the Fayet-Iliopoulos term.

5 On the Fayet-Iliopoulos term in supergravity

In the new-minimal formulation, the super-Maxwell theory is obtained from the supercon-
formal lagrangian

; T:9+i2, (5.1)

L 1
Enew-min Max — § |:L In — — L:| — —Im |:TW2}

where W is the chiral spinor multiplet of the field-strength j-:,w (up to a sign), defined
in (4.1) and appendix B. With respect to our previous discussion, W is the Maxwell sub-
multiplet of T obtained by choosing the deformation parameter ¢ = 0.

131t could also be understood as a background value of a holomorphic function of some neutral chiral
matter superfields of the theory. In this case, of course, additional modifications of the lagrangian are
needed which go beyond the scope of this paper.
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We have already seen in (4.13), and it is well-known, that Im[W?]r is a derivative
irrelevant in the theory. The addition to Lyew-min, Max Of

Lo = 26 LV, (5.2)

with a real coefficient £, generates the Fayet-Iliopoulos term. This expression couples the
compensating multiplet L to the real w = 0 multiplet V' of the Maxwell gauge field A,
corresponding to the chiral field-strength spinor multiplet W. It is invariant under gauge
transformation §V = A + A (A is chiral with w = 0) since [L(A + A)]p is a derivative.
Notice that one can also write

L = Loewmin, Max + L5 = g [L InL — Lln (§6_5VS> - L] - %Im [TWQ] L 63

and view the Fayet-Iliopoulos term as a gauging of the U(1) invariance of the (unphysical)
chiral multiplet S.

Using the real multiplet tensor calculus, the product of the real gauge multiplet V in
Wess-Zumino gauge (B.15) with L (3.2) has components

j 1
LV = <07 0, 0, CA;, CX— %’YG’YSXAM CD+E“Ay — X\ — — xv Y %Ab>

(5.4)
where the vector field E, is given in eq. (B.10) (or in eq. (3.8) after Poincaré gauge fixing).
The residual invariance of the Wess-Zumino gauge is the bosonic gauge invariance d.A, =
Opo. Inserting the w = 2 multiplet LV in the real action density formula gives

) — 1— 1 —
p=eCD—exXA— —eCP " y5A+ e Ay | EF + =~ [V Ay — = C P 7 piby
2 H 4 4 (5 5)

= g e"P? A,0,Bps +eCD — eX\ — %e C’@/ﬁ“%)\.

After Poincaré gauge fixing (3.6),

3

3.1 -
5e—lg[LV] p==£ [n? D — 21? VY A+ AME“] z&Au VAP, (5.6)

2 2K2 4

and the gravitino acquires a charge under the Maxwell U(1) symmetry.
Collecting the terms in (3.12) and (4.7) with ¢ = 0 and combining them with (5.6), we
find that the full lagrangian (5.3) reads

v v . a e — v ~
(B = 0,7 "D ) = § Fouw T = X DN+ L 00N T

2,%2
€A | 5o D™ C X 5| = 2 €T, s
+ Zlf v 271%2 VP50, + 5 AV VBA 471%25%7 V5 (5.7)
e — - 3er? — " -
=5 W AW A) + == (A5 A) (A 15A) + Laux,
where for simplicity we rescaled the gauge coupling away, and the auxiliary field lagrangian
is
i 3 K2
Lauwx. = —3€ <E“ 1 )\’y”’yg,)\) (Au ~3 A, —l— 1 E —l— )\’YM’Y5)\)
3 (5.8)
e e
T3 D? + ﬁfD — 3e(0u9) (E 13 1/’;/)’“ p’Yﬁ/’p)
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In the last term above, by following the original analysis of [9, 10], we introduced the
Lagrange multiplier ¢ to impose the condition (3.10) with solution (3.8), so that E* is

now an unconstrained vector. Under U(1)p variations, 6pA, = O, A1 and also 6r¢ = —Ar,
leading to
3. e — e~ ,
OR Laux. = 51(3u)\T) 22 VY, Y P s, + 3 AV s A (5.9)

This variation cancels the U(1)g variation of the Rarita-Schwinger and Dirac kinetic la-
grangians. The theory has then local U(1)r symmetry, as expected in the new-minimal
formulation, and A, + 0,¢ is gauge invariant.

Redefining now the auxiliary U(1)g gauge field as

¢
2

2 )
A, + Eopry % AyHasA (5.10)

- —
A=A, y

n

leads to .
L =—3€<E“—Z>\’Y”75>\>(A/ +90 ¢)+ED2+£§D
e 4 pooTH 2 252

5 (5.11)
, e — e~ ,
- 51(%@ [21@2 Y P50, + B A sAL
Solving next for E*, AL and D gives
ozE#—EXw%A:A/ + 0,6 D:—ig- Laux :—ﬁgQ (5.12)
4 po TR 2k2 77 ' 8k

while ¢ can be eliminated by a U(1)z gauge choice.
From the second line of (5.7), one deduces that the U(1) charge of the fermions is
q = 3¢/4. Tt follows that the final form of the lagrangian can be written as

° P €7 Y €— on =
L= 2K2 L ¢H,YM pD&P)wP] 4 Fuw FH = 5)\’YQD((1P))\ + 4 wp’?“ PAF
' S Y e — 2e
it g D g2 g e 513

2

e — — " 3er” — —
- é (77/}#71/)‘) (wpfypu A) + H ()"YMP%A)()‘FY#’%)\) ;

in terms of the spin connection w,qp(e, 1) which still includes the contorsion tensor.'*

The theory described by (5.13) is actually the model derived in a Poincaré formulation
by Freedman in 1976 [12]. Indeed, it can be easily transformed from the new-minimal
formulation (5.3) to the old-minimal, exhibiting the gauging of the R-symmetry under
which the chiral compensator becomes charged. This can be done by introducing a real
multiplet U with w = 2 and a chiral T with w = 0 (so that T + T is a real multiplet with
w = 0). One can then rewrite (5.3) as

L= g [U InU - Uln (?aivs) U (T +T)U} - %Im [TWQ}F, (5.14)

D

1Gee eqs. (3.14) and (3.16).
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where the field equation for the multiplet T indicates that U is a linear multiplet: U = L.
On the other hand, solving for U, the field equation is

U _
" (se—£VS> (5.15)
and then 5 1
_ _ 2o, &V g T+T 1 2
L 5 [Se Se }D 5 Im[TW }F (5.16)

Defining the w = 1 chiral compensator Sy of the old-minimal supergravity as Sy = e’ S
leads to the old-minimal formulation of the theory

Lold-minimal = —g [goefgvso} b %Im [TWﬂ o (5.17)

where the Fayet-Iliopoulos term appears as a gauging of the U(1) g symmetry acting on Sp.

It is now easy to check that (5.13), and thus (5.3) or equivalently (5.17), is identical to
the lagrangian (4.30) obtained from the deformed Maxwell theory, upon normalising the
kinetic terms and expressing it in terms of the single physical parameter of the Maxwell
sector which is the fermion charge ¢ = 3£g/4 = (V1 + 92/2 (upon putting back the gauge
coupling in (5.13) according to (5.3)), implying the identification

¢= %5, (5.18)

where we restored the gauge coupling g in (4.30) according to (2.8) and used eqs. (4.33)
and (4.34). The equivalence of the two theories (5.3) and (4.15) with gauge coupling (4.32)
thus suggests that the deformation in the Maxwell theory coupled to supergravity exhibits
two properties:

e it corresponds to a “magnetic” Fayet-Iliopoulos term of the gauged U(1l)gr R-
symmetry, in agreement with the result in global supersymmetry discussed in sec-
tion 2, since their respective gauge couplings are related by the electro-magnetic
duality relation (4.34);

e it provides a different realisation of the Freedman model on-shell (i.e. upon elimina-
tion of the auxiliary fields).

In the next section, we establish this connection by working out the explicit form of the
electric-magnetic duality in supergravity.

6 On the electric-magnetic duality

The fact that the deformed and the standard Fayet-Iliopoulos theory provide different
constructions of the same Freedman model suggests that electric-magnetic duality plays
a role. This is also suggested by the fact that in both descriptions the physical Maxwell
fields are not the same. The goal of this section is to study more precisely this role of
electric-magnetic (EM) duality.

~ 18 —



In the deformed theory of section 4, before elimination of the auxiliary fields, two
abelian gauge fields are present. The U(1)r gauge field appears explicitly (without kinetic
term) and the Maxwell gauge field only appears in By,. Since no fields have Maxwell
charge, one can expect that EM duality applies on the Maxwell field. The same situation
occurs in the Fayet-Iliopoulos version of the theory described in section 5. To see this, a
different form of [LV]p is useful. Starting with the second expression (5.5) and integrating
by parts leads to

D= ge“"’”(au.Ay)Bpg — %e C@M’y“%/\ +eCD —exA 6.1)
. 6.1
= Z e“”pa]?w,Bpa — Z e’”’p"BWEpyg)\ — %e C’@uv“*yg,)\ +eCD —exA,
up to total derivatives. After Poincaré gauge fixing,
e ~ e — e — e
[LV]D = Z G‘U'VPO-FMVBPO- — Z G#VPO—BMVd}p’YO'A — 27,{2 ’l]Z)u’)/'u’Yf))\ + ? D . (62)

Thus, the Maxwell gauge field only appears through its field-strength fwj and there is a
B A F interaction. Applying EM duality should plausibly lead to a theory depending on

B-F , in terms of the magnetic dual F of the electric field-strength F.

Consider the product TW of the Maxwell W with the chiral spinor superfield having L
as submultiplet. Since YW is chiral with w = 3, there is a superconformal action formula
which gives

1 € Lo — — e e~ .
—5 Im[YW]p = 3 eMP(Fuw — Q,Z)M'yl,A)(Bpa + wp’yg)\) + 3 CD — 1 A(2x 4+ iC A y51),,)

_ Z 0 (9, Ay) By + g CD— ZX(zX +iC Ay ysiy) (6.3)

omitting derivatives. Then, by comparing (6.1) with (6.3), one finds
Im[YW]r = —[LV]p + derivative . (6.4)

In global Poincaré supersymmetry, the analogous statement is
/ d*0d?0 LV = — / d20 xW + / d20 W, (6.5)

since W, = —% DDD,V and any real linear superfield can be written as L = Dy — D¥.
To discuss now EM duality, we need to introduce two new multiplets, unrelated to the
ones used earlier. Firstly, a chiral spinor T, with components A, C', D, B, x. Secondly,

o~

a Maxwell multiplet W, with components X, WW, D and gauge field Wu- Consider the
lagrangian contribution (6.3):

1 — € oo — — e ,~ €ex .
5 YWl = £ (W — 0N (Byo + B,74) + 5 CD = L A2X +iC 7 151)

+ derivative. (6.6)

~19 —



The field equations of the components of w imply C = x = 0 and
1— 1—
ﬁpa = _8pAo + 80Ap - ) %%A + 5 ¢U'YpA (67)

for some gauge field 4,. In other words, W variation of the action implies that ¥ =

—W, a Maxwell multiplet. This also indicates that Im[EVNV] F 1s a derivative for any
pair of Maxwell multiplets and that the contribution (6.6) is invariant under the gauge
transformation

T — Y + any Maxwell supermultiplet . (6.8)

Super-Maxwell theory can then be written as

1 1 —~
['super—Maxwell = _5 ImTRe[I2]F - 5 RGTIID[I2]F - Im[IW]F
) 6.9)
1 —~ 7 (
=3 Im(7[Y?)r) — Im[XW]p, T=0+ 2
which turns into 1
Lp= “2g2 Re[W?]p + derivative (6.10)

after the elimination of W leading to ¥ = —W. On the other hand, one could instead
eliminate Y using its field equation

1~
r=——W. A1
T=-2W (611)
One then obtains another form of the theory
Lor= st ( - L) = -1 ! Re[W?|p + derivative (6.12)
M= "5 T F)= 79 92T F VALVE, ’

which is the magnetic dual of super-Maxwell theory, with inverted complex coupling 7 =
—1/7.
We next add the new-minimal supergravity (3.3) and the Fayet-Iliopoulos terms to the
lagrangian (6.9):
1 9 —~ 3 3 [ L ]
L=—Im(7[X%p) —Im[IW]p+ =§ Im[YY]p+ - |LlIn —= — L| (6.13)
2 2 2 SS D
where Y contains the compensator linear multiplet of the new-minimal formulation. Again,
the field equation of W is T = —W and the term proportional to £ becomes the Fayet-
Iliopoulos contribution (5.2), leading to the action (5.3):

1 ;3 L

On the other hand, the field equation of T gives now

r—_1 (W—igr) :—%(W—m, (6.15)

T

—90 —



where we used the relation (5.18) between the Fayet-Iliopoulos parameter £ and the de-
formation parameter ¢ used in section 4. Replacing Y in (6.13), one obtains the magnetic
dual form of the action:

1 1~ 5] 3 L
Ly = ~5 Im [T(WCT) ]F+2 [LlnSS LL). (6.16)

The last step is to observe that, if ¢ # 0 (and thus £ # 0), the gauge transformation

w — W+ X
1 (6.17)
T — T+-X,
¢
with X an arbitrary Maxwell multiplet, leaves the compensating multiplet L and thus the
entire lagrangian invariant. The Maxwell multiplet W can then be absorbed in the chiral

spinor T and one can then write the magnetic lagrangian as

EMZ—;Im[%TQ]F—i-;[LIH;S—L]D; %z—; (6.18)
The multiplet T in this last equation, which stands for (YT — VN\/, reduces to a Maxwell
multiplet if ¢ = 0; it is the chiral spinor multiplet used in the description of the deformed
theory in section 4. This completes the discussion of EM duality and proves the equivalence,
by EM duality, of the deformed and the Fayet-Iliopoulos version of Freedman’s model.
An alternative description of the D-deformation in supergravity and a derivation of the
electromagnetic duality can be done using curved superspace techniques that we present
in appendix C. In particular, we show that the deformation is dual to a magnetic Fayet-
Iliopoulos term, i.e. to the Freedman model, using similar steps as in section 2 that can be
generalised to the case of supergravity, within the framework of curved conformal super-
space.

7 Concluding remarks

In summary, we have studied in this work a deformation in A/ = 1 supersymmetry transfor-
mations corresponding to a shift of the real D-auxiliary field of a Maxwell multiplet by an
imaginary constant, modifying the associated supersymmetric Bianchi identity by an inte-
gration constant. In global supersymmetry, the deformed theory is the electric-magnetic
dual of a theory with a Fayet-Iliopoulos term with the deformation parameter mapped to
its constant coefficient. An important property of the deformed theory is that (electrically)
charged states cannot be added, implying that magnetic monopoles cannot exist for a U(1)
with a Fayet-Iliopoulos term.

The coupling of the deformed theory to supergravity is achieved from the observation
that the deformation can be seen as a background value of a linear multiplet which we
identify with the linear compensating multiplet of the new-minimal formulation of N’ =1
supergravity. Using the superconformal off-shell framework and introducing a general chiral
spinor multiplet (contaning the field content of a linear and a Maxwell multiplets), we have
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shown that the deformed theory is again dual to a theory with Fayet-Iliopoulos term under
electric-magnetic duality, generalising the result of global supersymmetry. In the absence of
matter, the latter is the old Freedman model (1976) which gauges the U(1) p R-symmetry,
under which the gravitino and gaugino are charged and there is a positive cosmological
constant equal to twice the square of the charge in Planck units (see eq. (4.31)). In fact,
the Freedman model can also be formulated in the new-minimal supergravity framework in
terms of a chiral spinor multiplet containing the U(1) g Maxwell multiplet together with the
linear compensating multiplet. This formulation makes then the electro-magnetic duality
between this model and the deformed theory manifest.

In the deformed theory, however, the Maxwell field is unobservable since it becomes
part of a non-dynamical two-form field component of the chiral spinor multiplet. Upon
integrating out the latter, the auxiliary gauge field of the superconformal R-symmetry
becomes dynamical and the theory is shown to be on-shell, after elimination of auxiliary
fields, equivalent to the Freedman model. This is consistent with the fact that the fermions
(gravitino and gaugino) which are neutral under the orignal Maxwell field of the deformed
theory lagrangian, as expected by the electric-magnetic duality, are charged under the
U(1)r symmetry.

The presence of a constant term in the supersymmetry variation of the gaugino, either
due to the (-deformation (4.24) or due to the non-trivial expectation value of the D-
auxiliary field in the Freedman model (5.12), implies the existence of a ‘unitary’ gauge in
which the gaugino vanishes and the lagrangian (4.30) or (5.13) simplifies considerably:

4

_ 1 . 1 .
€ 1Eunit.gauge = ﬁ {R - @Ziuv“ le(,P)wp] - Z ‘7:IW FH + ZQHQ

Ay A P51, — % 7.
Due to the positive cosmological constant, the background metric is de Sitter and the
gravitino describes four propagating helicities despite the absence of an explicit mass term,
since local supersymmetry is completely fixed. This phenomenon is similar to the case of
the Volkov-Akulov model of non-linear supersymmetry [24-26] coupled to supergravity for
vanishing gravitino mass-term [27-29], that can be obtained from the above expression by
setting the gauge field A, to zero.

One may worry about possible U(1)g anomalies related to the existence of chiral
fermions. Although there are already several studies in the literature [30-32], a careful
investigation is needed for a firm conclusion, taking into account the de Sitter background
in fermion propagators that also sets a non-vanishing fermion charge and the gravitino-
gaugino mixing in the lagrangian (4.30).

It would be interesting to generalise our analysis in the presence of matter chiral multi-
plets and field-dependent gauge couplings in both global and local supersymmetry. Another
interesting question is to study the effects of the deformation in magnetic monopoles, which
in principle can be described as charged states in the presence of a Fayet-Iliopoulos term
in the dual theory. Finally, one could investigate the case of extended supergravity. In
particular, the general non-trivial deformation of A/ = 2 supersymmetry transformations
contains three parameters [3, 4] and is necessary for partial supersymmetry breaking [2, 3.
It would be then interesting to work out the coupling of the deformed theory to N' = 2
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supergravity,!® and the possibility of partial supersymmetry breaking even in the absence
of hypermultiplets.
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A Conventions and some useful formulae

We mostly follow the notations and conventions of ref. [13], with some exceptions. All
spinors are Majorana and for the chiral projections we use A\ = PrA, Ap = PrA\ and 73
instead of .. We use the symbols w,n to denote the Weyl and chiral weight, respectively.

e In local superconformal theory:

latin indices a, b, ¢, . . . denote the Lorentz (tangent space) indices, and they are raised
and lowered by the flat metric 1., 7% = diag(— + ++).

Greek indices p, v, p, ... are world indices, they are lowered by the metric g, , raised
by its inverse g”.

Both types of indices are related using the vierbein field e, or its inverse eh. In

particular, we define 8, = €50,,.

e The antisymmetric symbols €4pc.q and €%cd are Lorentz tensor with numerical values

+1,0, €g123 = —€123 = 1. Then, €*?° and €uvpo have Weyl weight w = 4 and —4,
respectively, ee"”?? and e_lew,pg have w = 0 and are numerical with value 0,+£1.

The matrices v* are numerical while v# = ef~v%.

To eliminate the gauge fields of conformal boosts f, S supersymmetry ¢, and Lorentz
symmetry (the spin connection wuab), and obtain the 8 4+ 8 Weyl multiplet of gauge
fields, three invariant contraints are imposed on superconformal curvatures. They are
respectively:

1_ ~
eéfRffL(M)=—§¢a7uRab(Q)—i€”bRpu(T)a Y'Ruw(Q)=0, R, (P)=0 (Al)

and for the gauge field of Weyl symmetry, b, = 0 as part of the gauge-fixing to Poincaré
symmetry. The third constraint leads then to eq. (3.14) while the first and second lead to

5Magnetic Fayet-Iliopoulos terms in N = 2 curved superspaces were described in [33, 34].
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the useful formula

1 1-— 3t —
ehfo = —— |R+ 5 /"D, — = 9, /P Aysipy |
12 2 4 (A 2)
1 1 '
’Y'u(ﬁu = _E ['7#7 VV]RWW), h“a ’YV](ZsV = _5 ,yuup Rup(w)
where 5 3
Ruu(w) = DLP)% - D£P)¢u - §iAp'75wu + iiAz/YSwu- (A'?’)
For a chiral multiplet Z = (Z, x, F) with weight w = n = 3, the invariant F-density is
given by
e ' [Zlp=F+ 1 "X+ ! Z Y, A" bur Y = l[v" 7] (A4)
\/§ H 2 H ’ 2 ’

For a real multiplet V' = (C, x, H, By, A\, D) with weight w = 2, n = 0, the D-density is
given by

B i— 1— _
"' [VIp = D+0C = 5,715 (A +9"Dox) = 7 6,7 (Hbwr + Hiur), (A.5)

where the superconformal d’alembertian is U = D*D, = e**D,D,, D, = e}, D,,, and we use
D, for the covariant derivative of a given field with respect to the relevant local symmetry.
The curvature constraints are used to prove the invariance of these densities.
Some rules of tensor calculus can be found in [8, 13].
Useful identities for y-matrices include:
1' abed abed

NPy = € Yeds yberys = jetbedy,,

YaVYbe = Yabe T NabYe — NacYoy  YabVe = Yabe T MocYa — NacVb-

(A.6)

Two useful four-fermion identities are

L) @[V Y Nbur) + cec = 20,1 A (D" PN) = 208,35\ (Y7 P1s) - (AT)

and
(S\AL)(&”[’W, Y ]ur) — c.c. = Qifuypa(ijufyv)\)(@zp'ya)‘) + Q(EV'VV?l)u)(X’Yu%’))‘)- (A.8)

B The superconformal chiral spinor multiplet

B.1 Chiral spinor multiplet in the real field basis and its decomposition

The lowest component of the chiral spinor multiplet is a spinor A with weights w = n = 3/2.
Its highest component is a second spinor x with w = 5/2 and n = —3/2. The eight bosonic
fields are at the intermediate level with w = 2 and n = 0. They form a Lorentz chiral
bispinor, four complex fields in Lorentz representation (2,1) x (2,1) = (1 + 3,1). They
admit an equivalent formulation in terms of an antisymmetric tensor By, and two real
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scalars C' and D. Since a detailed discussion of this superconformal multiplet does not
seem to be available in the literature, this appendix provides the necessary information.

In this field basis, the Q (parameter €) and S (parameter ) supersymmetry variations
16

are
1 ) 1.
0A = =5 (C—iDys)e = o[v", 7€ Bap,
00 = %@5)&
] 1
0D = %E’%’YGDQA — §EX, (Bl)

1 1 1 1
0Bap = =7 €vas 15X = 5 € DoA + 5 €0 DaA = S777a: A,
] 1
x = —% v57%€ Do C — 2iysnC + 3 E.‘%.

In the last variation,

1
El = 3 €% D, By (B.2)
with variation
1 3
OB = =2 ey, 4" 1Dax — 51X (B.3)

The covariant derivatives are
i
D,C=09,C—-2b,C— 3 V15X
3 . 1 a
Dy = O\ — i(b“ +iAuy5)N + gwuabh ,yb])\
1 ) 1 .
+ B C% - B D75'(/}u + §[7 7’Yb]7/)u Bab,
DuBbc = auBbc —2 buBbc - Wudedc - W,uchbd (B'4)
7 — 1-— 1— 1-
+ 1 ¢u[7b, 70]75)( + 5 wu’Ych)\ - 5 wu’YCDb)\ + 5 ¢u[’7b7 VC])‘v
5 3. 1 a b
Dyux = 0ux — 5 bux + 5idunsx + g Wuab[Y*5 71X

, 1
V57" Pu DaC + 2iy50,C — 3 Eoy*y.

1

T3

The 8p + 8 chiral spinor multiplet has two submultiplets with 45 + 4 fields.

Maxwell multiplet. Firstly, choosing C' = x = 0 also requires E* = 0 and B, verifies
then Bianchi identity DB, = 0. The fields A\, D and By, = —Fg form a Maxwell
multiplet with

~

1— 1—
Fur = 0wy = 0y Ay + 5 0y h = 5 D h (B.5)

which is indeed the covariant field-strength of a gauge field.

5Tn the conventions of ref. [13].
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The supersymmetry variations read

1_
(SAM = _5 E"}/u)\,
~ 1_ 1_ 1_
5-Fab =3 G’Yan)\ -5 6’Ybl)a)\ + - 77[7(17’)/1)])‘7
% 2 Z. 2 (B.6)
oA = g [’ya’vb]e‘}—ab + 5’75€Da
5D = %Efyg,'y“DM)\.
The covariant derivative in these expressions is
DX = 3 — 2 (b + iAys)A + ~ AN — Ly AP By — £ D
uAN = OyA — 5( 0 u75) + gwuab['y » Y ] ) ['Y » Y ]@b,u]:ab ~ 3 Y5Uu (B.7)

= D,u)\ ‘ Maxwell -

Returning to the components of the chiral spinor multiplet, another expression for
EF = e B is

v 1 vpo .
Z ¢u[7 ﬁ“]x + Z 6“ pgd)ﬂ;ﬂ%C

1 — 1 — 1 — ~
+ 5 6/Wpo—lr[}l/’)/P-DO'>‘|1\/Iaxwell + Z G#Vpa(by [7,07 ’YU]A - Zewpgwu’71£¢p ‘FO'H’

1
BV = 2 "0, Bys -
(B.8)

In a Maxwell multiplet, the Bianchi identity leads to

1 - 1 1 15 7
5 etre ayfpo' = ehvP? (2 wV’YPDO'A|ManeH + Z ¢V [Vﬂv ’YU])‘ - Z wl/’yad)l’ ]:aa) (Bg)

which implies
1

1— 1 —
EF = Z oy B VoAb Z chvpo C
2 € v~ po 4 Q/JV[V 77 }X + 4 € djur)/p’(zbﬁ ) (BlO)

By = By + Fuu.

The Maxwell multiplet can be alternatively obtained from the real vector multiplet
V =(C,x, H, By, A\, D) with weight w = n = 0. The gauge variation of V is

5V=V(Z+2Z2) (B.11)

where Z = (Z,¢, F) is a w = 0 chiral multiplet and V(Z + Z) is the embedding of Z + Z
in a vector multiplet with w = 0. In components, the gauge variations read

6,C=2+Z,  b,x=—V2s,  6,H=-2F,
— 1

8y Ba =iDo(Z — Z) = i0,(Z — Z) 7

_ ‘ _ 1_

V56 = 10.(Z — Z) + 3 Vg Xs (B.12)
dgA=109,D =0.

We can further define

L (B.13)

Aa:eg-A;L:Ba_2
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which has the gauge variation &, .A,, = i0,(Z — Z) required for a Maxwell gauge field. The
supersymmetry variation of A4, is given by

1

as expected for the gauge field of a Maxwell multiplet in Wess-Zumino gauge with A and
D partner components in (B.6).

The gauge transformation in (B.12) enables us to impose the Wess-Zumino gauge
condition on the vector multiplet:

Vivz = (0, 0, 0, Ag+ibu(Z—7), N D ) (B.15)
The supersymmetry variations of A,, A and D are those of a Maxwell multiplet (B.6).

Linear multiplet. The second submultiplet is real and linear. In the chiral spinor mul-
tiplet, fields C, x and E® transform into each others and they represent the algebra (the
double variations close) if D*E, = 0. Variations of the real linear multiplet are [7]
0C = L
- 2 675X7

1
dx = —% v57%€ Do C — 2iy5nC + B E, %%, (B.16)
1 3_
OB" = =22 2"1Dox — 517"

with covariant derivatives

i_
DMC = auC - 2bMC - 5 wu75X7

5 3. 1
D#X = a,uX — 5 qu -+ 57/14#’)/5)( + g w#ab[’)’a, ’yb]X (Bl?)
1 . 1
+ 5 75'7a¢u D,C + 2Z’YS¢MC - 5 Ea'ya¢u

and since one can rewrite D*E, =0 as

(&

€ — v
0= 8M<6E“ + Zwm X 1

PTD Aoty c) , (B.18)

the solution is actually eq. (B.10) [7, 8].
The linear multiplet can be embedded in a real multiplet with weights w = 2,n =0 as
follows:

L= (C, X, H=0, By=—FE., A=-2"Dyx, D= —Dc), DE, = 0.
(B.19)
Note that [L]p = 0 up to derivative.

We can in principle decompose the chiral spinor multiplet into two submultiplets: a
Maxwell multiplet with fields A, D, F,; and a real linear multiplet with field x, C, By, with

Bab = Bab - ﬁab- (BQO)
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This decomposition is unstable under supersymmetry, but it is consistent. There are
apparently two E®’s: in the chiral spinor multiplet E, is defined as the covariant
field-strength of B, in eq. (B.2), while in the linear submultiplet, F, is defined by the
constraint D*E, = 0, eq. (B.18). The two definitions are consistent since they lead to the
same solution (B.10) which only depends on the fields of the linear submultiplet.

B.2 Chiral spinor multiplet in chiral multiplet basis

Since the chiral spinor multiplet is chiral with w = n = 3/2, the fields \, C, D, B, and
X can be alternatively written as fields of a chiral multiplet, with components (spinor,

bispinor, spinor):

w=n=3/2: AL,

w=2,n=0: 1 [(C —iD)I+ E (Bab + ieabcd80d> ['y“,’yb]] Pr, (B.21)
V2 8 2

w=>5/2,n=-3/2: —2ixr— 7" DyAg.

These fields transform as expected for the components of a chiral multiplet with w =n =
3/2. This basis is especially useful for computing the square of the chiral spinor multiplet
which has w = n = 3 and can then be used to obtain a superconformal F-density action
formula.

The square Y2 = (Z,¢, F') of the chiral spinor multiplet has components

w=n=23: Z = M)\,
7 3 2
wetn=2 oo vaC— DAL+ L2 Bl A (B.22)
. . - -
w=4,n=0: F=(C—iD)— ie“deBabBcd + 5 BB+ 2X9" Dadr + 4i Ax.

where the covariant derivative is given in (B.4). This w = n = 3 chiral multiplet leads to
the superconformal F-density formula

. . - -
e 1T = (C —iD)* + % " BuBea + 5 BB + 237" Dar + 4iAxz
o L, — .
= (C—=iD) P, A+ 7 Bap 7" [, 7" Ap (B.23)

+ 1 OA) @1 Jm).

Then we can further compute its real part

1 — 1— _
e T Re[YYr = §Bab B — %)«ya%)\ A+ iwcfycaﬂ Bay + C* = D* = Cp, /" A
_ 1/ — _ _
+M DN + g ((ML)(%[’V’“‘, Y ur) + C-C-> + 20 Mysx (B.24)

and imaginary part
1 _ —
6_1 Im[T2}F = *2CD + Z Eade <Bab + sz)aryb)‘) <BCd + ¢cr)/d)‘)

+HiC A 51, + 20X + %e_lau(eegX'y“’yg,)\) , (B.25)
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where we used the four-fermion identity (A.8), as well as the following relation!”

_ _ 1 _ _ _
26)\7“75D£P)/\ = Oy (eeb Xy ys\) + §eepa(z/;ufy“¢p)(/\’yafy5)\) + 3eAY 5\ by - (B.26)

C Deformed Maxwell theory in curved superspace

In this appendix we describe a deformed vector multiplet in curved superspace. To make
contact with the superconformal tensor calculus, it is natural to start by employing the con-
formal superspace approach to four-dimensional N' = 1 conformal supergravity developed
by Butter in [23] (see also the seminal work [35]). In this formalism, the superconformal
group SU(2,2|1) is manifestly gauged in a curved superspace with covariant derivatives

Vi = (Va,Va, V) = EAM<8M _ hMLML) : (C.1)

where EoM = E M (x,0,0) is the superspace inverse vielbein'® while hy,L = hyL(z, 6, 0)
are gauge connections for all the superconformal generators except for translations and Q-
supersymmetry: My = (Mg, A, D, K,, Sa, S5%).19 We refer the reader to [36-39] for reviews
on supergravity in superspace while we refer to [23] for detail on conformal superspace
that we will assume in this appendix. Note that the off-shell 8 g + 8 Weyl multiplet and
the transformations of superconformal multiplets, can be derived following a § = 6 = 0
component-field projection (see refs. [23, 40] for more detail).

An abelian vector multiplet coupled to conformal supergravity is described by a super-
field W, field strength which is a superconformal chiral (V*W, = 0) of weights (3/2,1)
satisfying the Bianchi identity .

VW, = VoW . (C.2)
This is formally identical to the flat superspace one, eq. (2.1), as well as its solution which
reads (V2 := V2V, V= ﬁdﬁa)

o'

1 — 1 _,—a
W, = —iv2vav, W= VYV, (C.3)

where V is a real scalar of weights (0,0) and gauge transformation 6,V = (A + A),
VA = 0. The Maxwell theory’s action is based on the (anti-)chiral locally superconformal
action principle (equivalent to the tensor calculus F-term density formula [23])

, .
SMaX:—2Im[T/d4xd295W2], r=9+g—z2. (C.4)

17 A useful equation to show (B.26) is 9, (ee”s) + 3eba + wWpape® + %eepaﬁu'y“wp = 0 using the curvature
constraint Ry, (P) = 0.

"Which includes the gauge fields ef(z) of space-time translations and the gravitino t,(z) of Q-
supersymmetry.

19The notation in this appendix differs from the rest of the paper and it adheres (up to some changes
in nomenclature) to the one of [23, 37], which is largely based on [36]. For example, we decompose four-
dimensional Majorana spinors in chiral and anti-chiral parts. Compared to the flat superspace of section 2,
following [23, 37], the spinor covariant derivatives satisfy the conjugation rule V4 = (V,). Moreover, the
normalisation of the U(1)r generator A is 2/3 of the generator T" used in [13] and earlier in this paper.
Chiral weights in the two notations are related by ws = 2 /3n and the spinor covariant derivatives satisfy
[A, Vo] = —iVa, [A, V] =iV,
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Next we want to analyse the possible deformation of the vector multiplet Bianchi
identity in superspace. Note that, thanks to the algebra of V 4, which for instance implies
VaVsV, = 0 as in the flat superspace [23], equalities V2(VAW,,) = 0 and vZ(VO‘Wa) =0
hold. These properties rely on the weights of W, and V*W,. This implies that the
following deformation of the Bianchi identity is consistent:°

vewdet _ T W = _4i¢ L, (C.5)
where L is a real linear superfield of weights (2,0) satisfying by definition
V'L =V =0. (C.6)

We also define L as the compensating superconformal multiplet leading to new-minimal

Poincaré supergravity. Then eq. (C.5) provides the curved superspace interpretation of the

constraint (3.1) (the factor of i is due to the different convention used in this appendix).
A solution of (C.5) is given by

Wgef =W, — C?a s (C7)

where W, is a regular undeformed vector multiplet field strength, see (C.2)-(C.3), while
the chiral spinor superfield Y, is such that

VoY, - V,¥ = 4iL. (C.8)

The solution (C.7) is gauge invariant under d, Y, = W, and 0gWqo = = (W, for some
vector multiplet field strength W and there is a gauge in which W, = 0. In other words,
g. (C.8) is not a constraint. It defines L for any Y,.
The component fields of a W3¢ coincide with the ones of a chiral spinor multiplet,
(A, C, D, Bup, x), and simply arise as

« <<-def 4

=W %0, D:—S(vawdewv wiee

Aa = Wgef‘gzo y X )‘9:[] , (Cg)

i o o _ —=def
Bab = Bab‘O:Oa Bab = 5((@11)) 5Van) f— (Jab> V W ﬁ) (C.l())

while (C, Xa,X®), as well as the component field strength E, = 3 €qbca V' B9, are

~ ~ . i~ 1 . o~
C= L‘G:Oa Xa = vaL|9:07 YOC = vaL|9:07 Ea = E(Ea)aa[vay vd]L’9:0 . (C'll)

Local SU(2,2|1) transformations of a chiral spinor multiplet can be straightforwardly de-

rived from superspace and coincide (up to notation) with the ones presented in appendix B.
The gauge-fixing conditions of dilatations, S-supersymmetry and special conformal

transformations are as in egs. (3.6), but their formulation in the curved superspace approach

reads 1

=, By =0, (C.12)

L=
2

20Note that this constraint arises as the obstruction of the closure of the super two-form associated with
an abelian vector multiplet induced by the closed super three-form of a linear multiplet compensator. This
fits with the description of the abelian tensor hierarchy for 4D, N' = 1 supersymmetry [41, 42].
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where By is the dilatation connection which is pure gauge for special (super)conformal
transformations [23]. With this gauge fixing, the residual local transformations are super-
diffeomorphisms, Lorentz, and U(1)g. The last two define the structure group of the
off-shell new-minimal Poincaré supergravity geometry which is described by the covariant
derivatives

1
Da = EsM (aM — 5QMabMab — AMA>, (C.13)

with €3,% and Ajs the Lorentz and U(1)g connections, respectively. The geometry of
Dy, originally constructed in [43], can be derived by gauge fixing the V 4 derivatives [23].
In the gauge (C.12), and in terms of the D4 derivatives, the Bianchi identity (C.5) turns

¢

K2’

into
= wdefy,

,Dozwgef — D, W — _41'6’ é = (0.14)

where é is a constant, D Aé = 8Mé = 0. This is the curved analog of the deformation of a
Maxwell multiplet in flat superspace, eq. (2.4).

The superspace action for a deformed vector multiplet in the new-minimal supergravity
background is then given by?!

Sy = —%Im [?/d4xd295(wd°f)2] . F=— 4. (C.15)

It is dual to a vector multiplet action with a Fayet-Iliopoulos term, precisely as shown in
section 6. It is illustrative to show how the argument given in section 2 for the global case
extends to curved superspace. Instead of expression (C.15), one starts from the action

1 ‘ 7 . ve L
§=—7Im {%/d‘*a;d?egr?} —;/d4xd29d29EU (VO‘TQ - VaX +4i<L) , (C.16)

where Y, is a chiral spinor superfield with weights (3/2,1) and U is a zero-weight un-
constrained real scalar. Eliminating U imposes the deformed Bianchi identity (C.5) on
Y, and, with the identification X, = W3 one obtains the “magnetic” action (C.15).

Integrating by parts and redefining a full curved superspace as a (anti-)chiral superspace
integral,? the action (C.16) proves to be equivalent to

1 N 1o — .
§=-5Im [/ drzd*0 € (TT2 — 2rav2vaU>] + 2(/(1495 d?0d’0 ELU.  (C.18)
Eliminating the unconstrained Y leads firstly to

1 1_
Yo=—<Wa, Wai= —ZVQV,XU, (C.19)

21GQee [44] for a description in the old-minimal curved superspace geometry.
22Given a real lagrangian superfield .# of conformal weights (2, 0), the full superspace integral is related
to the (anti-)chiral superspace action as [23]

/d4xd49E$ = —i/d“xd?egﬁ?ff = —i/d‘lde??VZ.fZ. (C.17)

Local SU(2,2|1) invariants can be manipulated by using the rule for integration by parts [23].
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an undeformed abelian vector multiplet field strength, and secondly to the “electric” action

1 _ o~ 1
Sp = —21m {T/d% 020 gw?] +2¢ [dado?IETU,  r—-2. (20
-

where the second term is the curved superspace description for a standard Fayet-Iliopoulos

term in new-minimal supergravity.
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