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1 Introduction

Supersymmetry offers a window into non-perturbative physics. While AN/ = 1,2, 4 super-
symmetric theories in four dimensions have been studied extensively, it has been known
that perturbatively N' = 3 theories with rigid supersymmetry are disguised versions of
theories with A/ = 4 supersymmetry [1]. To see this, one can simply look at the massless
matter representations of N' = 3 supersymmetry where, once we add the CPT conjugate
representation to ensure that the full multiplet is CPT invariant, the field content matches
with that of A/ = 4 theory. This can be used to see that perturbatively, there can not be
theories that exhibit genuine rigid N/ = 3 supersymmetry. However, in recent years several
non-perturbative constructions have been found which evade this, where the theories have
no weak coupling limit [2-10]. For supergravity theories, the situation is different from the
outset. If we consider the massless representation of N' = 3 supersymmetry with maximal
helicity 2, which corresponds to supergravity theories, the field content no longer matches
that of NV = 4 supergravity theories. Thus, there exist supergravity theories which exhibit
genuine N/ = 3 supersymmetry. Constructing these supergravity theories is important in
the context of classifying supergravity theories in four dimensions. Further, in the light of



gauge/gravity duality, N' =3 AdS, solutions and the associated field representations were
studied in [11-13] and have seen renewed interest [14-19]. This provides the motivation to
construct higher derivative invariants in N' = 3 supergravity as they are known to provide
important insights for holography [20—22].

The study of supergravity theories with higher derivative corrections is greatly facil-
itated by the superconformal approach. The superconformal approach relies on a larger
group of symmetries: the superconformal symmetry, which distributes the physical degrees
of freedom in shorter multiplets and therefore it becomes technically tractable to construct
such theories. In this framework, one first studies a theory of conformal supergravity
coupled to additional matter multiplets and then uses some of these matter multiplets to
gauge fix the extra symmetries to arrive at a supergravity theory with only super-Poncaré
symmetry.

N = 1,2, 4 supergravity theories have been well studied in the literature using the su-
perconformal formalism. However, N' = 3 supergravity theories are relatively less studied
Previous works looked at supergravity solutions and field content of N' = 3 theories that
arose in compactifications of certain 11D supergravity theories on so-called tri-Sasakian
manifolds [12, 16, 23]. Further, at two derivative level, matter couplings to Poincaré su-
pergravity was presented in [24]. Superspace approaches have also been developed [25-27].
However, to construct general higher derivative matter couplings, it is instructive to look
at N' = 3 supergravity using the superconformal approach. In this approach, a crucial
ingredient is the N’ = 3 Weyl multiplet whose components were conjectured long back
in [28]. However, it was only recently the explicit transformation laws of the component
fields under the N' = 3 superconformal symmetry were written down [29, 30]. Subse-
quently, action for the N' = 3 conformal supergravity theory was constructed in [31]. This

was done by first constructing a “density formula”!

using the “covariant superform action
principle”.? Following this, the Weyl multiplet was embedded in the density formula to
derive an explicit form of the A/ = 3 conformal supergravity action. The work of [31] also
found a consistent truncation of the A/ = 4 Weyl multiplet to the A/ = 3 Weyl multiplet
and used it to check that the N' = 3 conformal supergravity action indeed arise from the
truncation of the N' = 4 conformal supergravity action derived in [36, 37].

The aim of this paper is to look at pure N' = 3 Poincaré supergravity using the
superconformal approach and construct higher derivative invariants. To achieve this, we
need a compensating multiplet to gauge fix additional symmetries in the superconformal
theory. The on-shell N' = 3 vector multiplet field content has been known [17, 24] and
there is a harmonic superspace construction to render the multiplet off-shell [39-41]. We
begin our work by finding the transformation law of the on-shell N/ = 3 vector multiplet
coupled to conformal supergravity. This is done by performing a supersymmetry reduction
of the N' = 4 vector multiplet coupled to conformal supergravity. As we will see later, the

! Density formula basically gives an invariant action in terms of an abstract multiplet. Using this formula
one can construct an invariant action for any known multiplet by simply embedding the known multiplet
in the abstract multiplet.

2This principle is the same as the “ectoplasm principle” [32, 33] and “rheonomy principle” [34, 35] and
was used recently also in [36-38].



components of the on-shell N' = 3 vector multiplet are not truncations but rather mere
re-arrangements of the components of the A/ = 4 vector multiplet which is obvious as we
have discussed earlier, due to CPT invariance. However the key difference arises in the
way it couples to conformal supergravity since the A" = 3 Weyl multiplet is fundamentally
different from the N/ = 4 Weyl multiplet. We follow the same truncation scheme as followed
in [31], where we set one of the supersymmetries to zero while the SU(1,1) coset scalars ¢
that are present in the N' = 4 theory are set to the constant values of ¢; = 1 and ¢o = 0.
This provides a map between the various components of the vector multiplets between the
N = 3 and N = 4 theories. Thereafter, we follow [31] and embed the vector multiplet
in the density formula to obtain an action for the N/ = 3 vector multiplet coupled to
conformal supergravity. However, this procedure will give only a partial action due to the
on-shell nature of the vector multiplet. Such a feature is akin to vector multiplet coupled to
N = 4 conformal supergravity, where again the embedding of vector multiplet in the A" = 4
density formula leads to mismatches in certain kinetic terms [37]. The “density formula”
derived from the “superform action principle” relies on the closure of the supersymmetry
algebra. Hence as long as it is being used to derive an action for a multiplet on which the
algebra closes off-shell, such as the Weyl multiplet, then it produces the correct action. But
if one wants to apply it on an on-shell multiplet where the algebra closes modulo equations
of motion, such as N' = 3,4 vector multiplets, then the action one obtains may be blind
to terms that vanish when one uses the equations of motion. Hence in order to find the
full action, one needs to know the equations of motion of the A/ = 3 vector multiplet.
This is obtained by using our truncation scheme on the equations of motion of the N' = 4
vector multiplet coupled to conformal supergravity derived in [42]. Further, one adds terms
proportional to the equations of motion to the partial action obtained using the density
formula and demands that the same equations of motion arise from a variational principle of
the modified action. In this way one may obtain the full action of A/ = 3 vector multiplet
coupled to conformal supergravity. This action also straightforwardly generalizes to an
action for m, vector multiplets coupled to conformal supergravity. This generalization is
done carefully so that the action for three vector multiplets come with the wrong sign of the
kinetic terms so that they can be used as compensators to go from conformal supergravity
to Poincaré supergravity by choosing appropriate gauge fixing conditions for the extra
symmetries (dilatation, special conformal transformation, SU(3) x U(1) R-symmetry and
conformal-supersymmetry or special (S)-supersymmetry).

To summarize, we start section 2 by briefly reviewing N/ = 3 conformal supergravity,
where we discuss the field content of the Weyl multiplet in A/ = 3 conformal supergravity,
the N' = 3 density formula and the truncation of the N' = 4 Weyl multiplet to its N' = 3
counterpart based on previous work [31]. In section 3, we introduce the A" = 3 vector multi-
plet along with its transformation rule under ordinary (@) and special (S)-supersymmetry.
We also perform the reduction of the equations of motion of the N = 4 vector multiplet
coupled to conformal supergravity to their N' = 3 counterparts using the truncation scheme
discussed earlier. In the next section, section 4, we discuss the embedding of the vector
multiplet in the N' = 3 density formula and derive the Lagrangian for Maxwell action cou-
pled to AN/ = 3 conformal supergravity. We will then give a straightforward generalization



of this action for n, vector multiplets coupled to conformal supergravity in such a way that
the action for three of the vector multiplets come with the wrong sign of the kinetic terms
and the remaining come with the right sign. Since in this paper, we will be interested in
pure Poincaré supergravity, we will restrict ourselves to n, = 3 with all of them coming
with the wrong sign of the kinetic terms. In section 5, we will demonstrate how we can use
the compensating vector multiplets for explicit breaking of the extra symmetries present
in the superconformal theory and arrive at supergravity with N’ = 3 super-Poincaré sym-
metries. In section 6, we will also show how we can eliminate the auxiliary fields in an
iterative fashion and obtain the action as an expansion in the number of derivatives. We
will also demonstrate how the truncation of the action to the fourth order in the derivative
is a consistent truncation. Finally, we will end with some conclusions and discussions.

2 N = 3 conformal supergravity

A conformal supergravity theory with minimal/extended (N > 1) supersymmetry in four
dimensions is a gravity theory that is obtained from the gauge theory based on the super-
conformal algebra su(2,2|N). The gauge theory transforms into a theory of gravity upon
imposing an appropriate set of curvature constraints. The Weyl multiplet in conformal
supergravity is the multiplet that contains the gauge fields of the superconformal algebra.
For extended supersymmetry (N > 1), one also requires an extra set of auxiliary fields for
the off-shell closure of the algebra. The algebra is also modified where the structure con-
stants become field dependent, and this leads to a soft superconformal algebra. For more
details, please refer to [43]. The N/ = 3 Weyl multiplet in four dimensions was constructed
in [29, 30], and we will discuss its structure in the following subsection.

2.1 N = 3 Weyl multiplet

The N = 3 Weyl multiplet is a 64 4+ 64 (bosonic+fermionic) multiplet whose components
are as tabulated in table 1. There are two types of supersymmetry in conformal super-
gravity: @ (or ordinary) supersymmetry and S (or special) supersymmetry. The @ and
S-supersymmetry transformations of the components of the Weyl multiplet are given as:
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where, Duei is defined as:

. 1 ] ; i
D€' = 0, — 1 wye' + §(bu +idy)e — V'€ (2.2)

The covariant derivative D, that appears above is fully supercovariant w.r.t. all the gauge
transformations (bosonic as well as fermionic). The covariant derivative D, is often used to
denote covariantization only w.r.t. the “standard gauge transformations” which are dilata-
tion (D), local Lorentz transformation (M), SU(3) R-symmetry (V) and U(1) R-symmetry
(A). Apart from the above mentioned standard gauge transformations, which are bosonic,
there is another non-standard bosonic gauge transformation which is the special conformal
transformation (K). The complete @ and S-supersymmetry transformations of the depen-
dent gauge fields corresponding to local Lorentz transformations (wzb), S-supersymmetry
(¢},) and special conformal transformation or K-gauge field (f}), along with the constraints
on the curvatures arising from the Bianchi identities, are provided in appendix B.

2.2 N = 3 density formula

Superconformally invariant actions in conformal supergravity are obtained by exploiting
the knowledge of density formulae. Density formulae in conformal supergravity are super-
conformally invariant actions given either in terms of an abstract multiplet or a known
multiplet. For example, the well known chiral density formula in A/ = 2 conformal super-
gravity is built on an AN/ = 2 chiral multiplet [44]. In this subsection, we will review the



Field SU(3) Restrictions Weyl thral
Irreps weight (w) | weight (c)
eu’ 1 Vielbein -1 0
, V., )=V, =-VJ;
Vid's 8 ( gé)(?)) R g;uge ﬁelcf 0 0
A, 1 U(1)r gauge field 0 0
by 1 dilatation gauge field 0 0
; Self-dual i.e
Tap 3 Ti, = Seqped i 1 1
E; 3 Complex 1 -1
Dij 8 (DZJ)* = Dij = Djz‘ 2 0
% 3 50 = U 12 1/2
Xij 6 V5Xij = Xij 3/2 -1/2
5 3 75l = ¢ 3/2 1/2
AL 1 vsAL = A 1/2 -3/2

Table 1. Field content of the A' = 3 Weyl multiplet.

density formula and transformation rules for the relevant fields of the abstract multiplet
in the context of N/ = 3 conformal supergravity based on [31]. The density formula in
N = 3 theory is constructed from an abstract multiplet using the superform action prin-
ciple [31, 37, 38]; for details on the construction, see [31]. The density formula is given as
the integral of the following 4-form:

5:/4 (2.3)

where the 4-form J is given in terms of the composites constructed out of the components
of the abstract multiplet as,
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The vielbein and gravitino 1-forms are denoted as e® and v’ respectively. The wedge
product between the forms is suppressed in the above expression. The fields represented
in bold are the composites constructed out of the components of the abstract multiplet.
The composite C% appearing with the maximum number of gravitino 1-forms is the lowest
component of the abstract multiplet, has Weyl weight 42, chiral weight +2, and is invariant
under S-supersymmetry. It is in the 6 of SU(3) and its complex conjugate Cj; is in the 6



of SU(3). It also needs to satisfy the constraints
ij —
(VkC )15 =0
vecik) = o (2.5)

where V), and V¥ are the generators for the left chiral Q-supersymmetry and right chiral
Q-supersymmetry, respectively. In other words, the left and right chiral Q-supersymmetry
transformation of C% should take the following form:

5209 = L
.9 L
§2ci = ge”“(”ékpj)l (2.6)

The component p j appears in one of the cubic gravitino terms of the density formula (2.4).
As shown below, the component 5’ appears in the composite H _lab which appears in one
of the quadratic gravitino terms:

1 -
AL, 5l 2.7
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The composite Kj;; that appears in another quadratic gravitino term is given as:
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The term Fj; that appears above and the composite G;“bl that appears in another quadratic
gravitino term in the density formula arises upon the application of the right chiral Q-
supersymimetry transformation on p’ ; as shown below:
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The composite Ny and M, that appears in the linear gravitino terms are given as:
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The components 0y, 0, and Y,; appearing above arises upon taking the right-supersym-
metry transformations on Kj; and left-supersymmetry transformation on the composite
Ga'; = ALvap'j — h.c, as shown below:

1
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And finally the composite £ that appears in the e* term in the density formula is given as:
1
L=Y + iH*l -Tj — h.c (2.12)

where H (;)l is already defined in (2.7) and the component Y appears in the right-supersym-
metry transformations of A; as shown below:

1 -
Zhei (2.13)

1. 1 1 ;
R
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2 6 8
In order to find an invariant action for a known multiplet in N' = 3 conformal supergrav-
ity, one needs to find the lowest component C% of the abstract multiplet as a composite
expression in terms of the known multiplet that satisfies the desired properties. Then all
the other composites appearing in the 4-form J are obtained by successive application of
Q-supersymmetry on C%, which ultimately gives us the desired action. The action for pure
N = 3 conformal supergravity was constructed in [31] using the above mentioned density
formula and embedding the N' = 3 Weyl multiplet into it, i.e., finding the composites C%
and everything else related to it by supersymmetry in terms of the components of the Weyl
multiplet.

2.3 Truncation of the Weyl multiplet from N =4 to N = 3

To make the paper self-contained in this subsection, we review the off-shell reduction of the
N = 4 Weyl multiplet to the N' =3 Weyl multiplet as discussed in [31]. The independent
fields of the N/ = 4 Weyl multiplet possesses an SU(4) R-symmetry appropriate for the
SU(2,2/4) algebra. An auxiliary U(1) R-symmetry has been added to the algebra so that
the scalar sector can be described by an SU(1, 1) valued scalar ¢, where a = 1,2. It obeys
the constraint ¢,¢® = 1, where ¢ is related to ¢, by complex conjugation ¢ = naﬂqbz.
The metric 7,5 = diag(+1, —1). The gauge field for the SU(4) R-symmetry is V,,/; where
I,J =1,...,4. For performing the supersymmetry reduction of the N’ = 4 Weyl multiplet,
we will decompose the SU(4) index I into 4 and the SU(3) index ¢ which takes value from
i =1,2,3. The gauge field a,, corresponding to the auxiliary U(1)-symmetry is composite.
It is determined by solving the following constraint in terms of the independent fields of
the N' = 4 Weyl multiplet.

1 _
¢*Dye = —ZAIWAI, (a=1,2). (2.14)

To truncate this multiplet to the N/ = 3 Weyl multiplet, we need to set the fourth super-
symmetry to zero. Thus, we demand,

et =0=1j, (2.15)

and follow through the transformation rule of the N/ = 4 Weyl multiplet to obtain the
conditions on the fields. For instance, if we demand consistency of the above condition
with the transformation of gravitino field @ZJ{L, we get

T =0=V,"%, Ai=0. (2.16)



In the next step, we identify wlﬁ coming from the N = 4 Weyl multiplet as the gravitino
in the N = 3 Weyl multiplet and compare its transformation with (2.1) to get,

- 1.
T = —18” "Tabies
As=Ap. (2.17)

In arriving at the above expression, we have related the SU(4) Levi-Civita and SU(3) Levi-
Civita as €75 := ¢%7%_ In the above equations, we have fields belonging to the A" = 4 Weyl
multiplet on the L.H.S and on the r.h.s. we have fields that belong to the N' = 3 Weyl
multiplet. Further, if we use the conditions (2.16) on the transformation of Vu4i we get the

following condition,
P, = 46" Dad® = 0. (2.18)

We can satisfy this condition by setting the scalars ¢ to constant values which is consistent
with the condition ¢%¢, = 1. We can either truncate the scalar fields as given below or
any other truncation related to it by a rigid SU(1,1) transformation.

¢1=1,02=0. (2.19)

Since the N/ = 3 Weyl multiplet would belong to an SU(1,1) invariant subsector of the
N = 4 Weyl multiplet, the precise details of the scalar field truncation would not matter for
the truncation of the N = 4 Weyl multiplet to A/ = 3. One can also check that the above
condition is consistent with the supersymmetry transformations of the scalars ¢, since
A; = 0 as shown in (2.16). From the above truncation of the scalars (2.19), we can also
solve the constraint (2.14) to obtain the gauge field a,, of the auxiliary U(1) R-symmetry as,

7 -
Qy = ZAR’)/MAL. (220)

Note that since the gauge field a, is invariant under the rigid SU(1,1) transformations,
the precise details of the reduction of the scalar fields would not affect its expression given
in (2.20). We can now proceed in the similar fashion and infer the full reduction of the
N = 4 Weyl multiplet to the N' = 3 Weyl multiplet, which can be summarized as follows.
On the left hand side we have quantities coming from the N' = 4 Weyl multiplet and on
the right hand side we have quantities coming from the A" = 3 Weyl multiplet.

To" = _ifijkTabk ; T =0, P =, Y =0,
¢L=0l,,  ¢,=0, R N by =b,, aﬂziﬂRyﬂAL,
V= %AN%ARWAL, V.=V, - %(VjAM— éa;[\R%AL :
pr=1, =0, M=Ar,  A=0,  By=-F, Ey=0,
X1 = 2*14Cj+2*14EkAR, X = _%65jkaim_ 2*145@41@] - 2*145ij1€]1\}2,
=0, Xiy=0, DUiy=—Diy, Diy=_oslu iy, Di=0, Diy=0
(2.21)



Fields Type SU(3) w c
A, Boson 1 0 0
& Boson 3 1 -1
Yy Fermion 3 % %
0y, Fermion 1 % %

Table 2. Fields of the N' = 3 vector multiplet.

One can also check that the transformations of the N/ = 3 Weyl multiplet is reproduced
from the transformation rules of the N = 4 Weyl multiplet upon using the above reduction.

3 The N = 3 vector multiplet and its coupling to conformal supergravity

In order to study the coupling of N’ = 3 vector multiplet to conformal supergravity we will
perform a supersymmetric truncation of the A/ = 4 vector multiplet coupled to conformal
supergravity, similar in spirit to the truncation of A/ = 4 Weyl multiplet to the N’ = 3
Weyl multiplet studied in [31] and reviewed in the previous section. The theory of an
arbitrary number of A/ = 4 abelian vector multiplets coupled to conformal supergravity
has been studied earlier by de Roo [42]. The vector multiplet consists of a gauge field A,
spin—% gaugino ¥; and pseudo-real scalars ¢r; where I,J = 1,...,4. In order to perform
the truncation of the N' = 4 vector multiplet to the A/ = 3 vector multiplet, we define the
following reduction

P = DYy Y= 0% Op = O*y; O = Dy,

ij * 1] * i i (3.1)
cijnlt = Bgyj; VR = Y g =D gy £ = Do

The quantities appearing on the Lh.s. are those of the A/ = 3 theory while the quantities
on the r.h.s. are the N/ = 4 fields. As we can see from above, the N' = 3 vector multiplet
is not a truncated version of N/ = 4 vector multiplet but is rather a re-arrangement since
none of the N’ = 4 vector multiplet fields are set to zero in the process. The term ® and

its complex conjugate appearing above are defined as follows
d=0¢"+¢°, Q" =¢1 — 2, (3.2)

where ¢! and ¢? are the scalar fields appearing in the AN/ = 4 Weyl multiplet defined in
section-2.3.

In table 2, we list the components of the ' = 3 vector multiplet along with their SU(3)
representations as well as chiral and Weyl weights.

The @ and S supersymmetry transformations of the components of the N’ = 3 vector
multiplet coupled to conformal supergravity can be deduced from that of the N = 4
transformation laws [42] along with the truncation defined in (3.1) as well as the truncation
of the Weyl multiplet discussed in section-2.3. The @) and S supersymmetry transformation

~10 -



laws for the A/ = 3 vector multiplet reads as

5,,4# = €i7u1[)i — 2€i¢££k€ijk — Ei’yMALfi + h.c.
1 o 1- 1 - .
Sy = 57 Fre; — 2, pebed — ZEifkek + iALeLGi + §’Ya63AR7aAL§k€zjk + 2¢41E0n"
. _ . 1 o _ . .
60, = —2IP¢'e; — Y ArvaARE € + ZgijkElgj F— Apipiet — 2¢%,
06 = —€0R + eijp@ " (3.3)

In the transformation law above, the quantity .7-"(;2 is the self dual component of a modified
superconformal field strength defined as

~ 1- 1.
Fap=Fg, = ZAR%WR - §T5b §i (3.4)

where F ;g is the self-dual part of the standard supercovariant field strength corresponding
to the gauge field A,. Armed with the above dictionary of reduction of the N' = 4 vector
multiplet to the N' = 3 vector multiplet, we look at the equations of the motion of the
fields in the N/ = 3 vector multiplet coupled to conformal supergravity. In order to do this,
we start with the equations of motion for the A/ = 4 vector multiplet coupled to conformal
supergravity [42] and use (3.1) to obtain the corresponding equations of motion for the
N = 3 theory.

The equations of motion of the spin—% fermionic field vy in the N” = 4 theory will result
in two equations of motion, one for I = i and another for I = 4 which will give rise to the
equations of motion for v; and 6r respectively as shown below:

1- 1 1 1 1
D + iARwiAL SE 0 + 37 T80 + ngf t3 €zjk<]§ =0,
3 1 . 3. 1 . Z Z
Dor — ZARHRAL +17 F~Ap — gALALeL -5 TiALE — < z¢ v Ty
1 .
ot . — BN, =0 .
12Cf 3 &AL =0

(3.5)

The equation of motion of & can be obtained from the equations of motion of ¢;; (in the
N = 4 theory) by fixing I =4 and J = j. This yields,

1 1 - 1 .
085 — ARIDQAL + Z TTy - *ALV -T;0r — gngi - T; t5 CJHR + 16E ARrOg
1 i i |
™ — S E*Ey + —€(ApDA, + AL DA
16 Xmi¥ 8 ejmCy D' g — 65j K+ 12§g( rRIPAL + ALIDAR)

1 - B
+E§jARARALAL =0,
(3.6)

where 0. = D,D® is the superconformal de-Alembertian.
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4 N = 3 vector multiplet action

In this section, we will derive an action for the NV = 3 vector multiplet coupled to conformal
supergravity. We will embed the vector multiplet in the A/ = 3 density formula derived
in [31] and reviewed in section-2.2. However, unlike the Weyl multiplet, N' = 3 vector
multiplet is on-shell. Since the covariant superform method to obtain the density formula
relies on the closure of the superconformal algebra which is now realized up to equations of
motion, we would miss the information on terms proportional to equations of motion in the
action. Upon adding terms proportional to equations of motion and imposing consistency
with the equations of motion given in the previous section, we will obtain the action for
N = 3 vector multiplet coupled to conformal supergravity.

As per the density formula reviewed in section-2.2, in order to embed the NV = 3
vector multiplet in this density formula, we need to find a suitable composite of the vector
multiplet which transforms as a 6 representation of SU(3) with Weyl weight +2, chiral
weight +2, is S-invariant and satisfies the constraints (2.5), so that it serves as C*, the
lowest component of the abstract multiplet. Such a combination exists up to a complex
rescaling as follows,

CY =ag" ¢, (4.1)
where « is an arbitrary complex number. Analogous to the case of pure conformal su-
pergravity action as discussed in [31], when « is real, the density formula leads to a to-
tal derivative action. Since we are interested in the supersymmetric completion of the
Maxwell’s action, we take o to be purely imaginary and set o = i. In this section, we are
interested in obtaining the supercovariant part of the action which is encoded in the com-
posite £ that appears with the e* term of the 4-form .J in the density formula (2.4). And
therefore, in this section we will outline the results that are relevant for the computation
of L. However, we would like to stress that one can indeed find all the composites needed
for the full action including the gravitino terms by following the density formula discussed
in section-2.2.

Applying supersymmetry on the above C* and using (2.6), we get the following com-
posites,

pr=—4i & 0,
‘ . 1 .
ol = —3i (gwl — g(s; §k¢k> . (4.2)

The right-supersymmetry transformation of p’; in (2.9) yields the composites F;; and G’
as given below,

Fij = 6iy;

Gy = 320 &' Fh + 4ie* )y .. (4.3)
Further, applying supersymmetry on K;; which is obtained from Fj; (2.8) and the composite
gaij = AL’yapij — h.c, we get:

1

O R VI = PR NR NN e B A b
0= 5y Froi— 2y Tty = TiBye — € Bi+

1

2 8

i - P ~
+ §AL9L¢1' — §7ab¢iAR'7ab9R +iARAREOR

v TIARGE + BT ARG,
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0; = 3ii 6 Bj — ip; 8 By — 160 £,j,80 PEP AL — 2iAREI&;€5 — 1600 A10f, — 8iARAREOR
(4.4)

Using the expressions for 6; and 6; obtained above in (2.10), we can determine the composite
N; in terms of the vector multiplet fields as,

NG = %w Fri = 1oy T — eyt By — Joeind PEFAL

A
EV TIAREE; + *AR&ij] + 7AL0L7J%'

5
— ﬁv“bszRmeR + ARARaeR (4.5)

From the right-supersymmetry transformation of the composite N; (2.13), we can read off
Y as follows.

31 31

Y = —5 Pt Py 2ZF+ Tig; — T’ TigE; + EZEJ&@ BB

96 96
- ﬂbjW + it DALE + ih DE AL + 6AL Dt + Z an v Frop

) 31 - N :
—’Lj v gk v [ N, o7)
1/%5] 5 %Cyfk + 39 ViOrE 321/%’}/ T'0r
- B~ i~
_ . i P LT 7 _ 1) ¢ ¢ _ L]
48AR'7 T 9R£z+24AL'Y T:008" + 48ARX 5@5‘7 + 24ALX1]£ 13
i~ . 3i- R VR R
— A0 8'E; — —ARORE'S;, — — AU Ar* + —ApAL010
+24LL€ 16RR€ 8R¢ L1/1+16LLLL
R T R
— TGARARQR9R+6ALALARW5’ + EARARALW& (4.6)

And finally using the above expression in (2.12), we can obtain the composite £, which
encodes the supercovariant part of the Lagrangian density.

£ _% L YpoTie - %;j D + iz,zGZ-szLgi + i PEAL
31

3
SRy P+ o Ry PP — 2 00 — et (O6h

31 - 7i
+ *%%EZ - *%7 : TZ9R+*AL7 -Ti0LE" + 7ARX”£@'£J'
72

71
— @ARGRE &5 — *AR%ALW +q ARARAL¢ '¢; — h.c. (4.7)

The supercovariant Lagrangian density for a single vector multiplet coupled to conformal
supergravity is given as Ly = —ieL. This Lagrangian, however, misses terms proportional
to equations of motion, as we discussed earlier. In fact, we can see that the above La-
grangian has no kinetic term for the fields 67, and ¢°. To amend this, we need to add terms
proportional to equations of motion and, in turn, demand consistency of the Lagrangian
with equations of motion.

We add kinetic terms of 67, and & by using their equations of motion multiplied by
the respective conjugate field with an arbitrary coefficient. These terms are of the form
OrL(POr +...) and &(O€E + ...) and their hermitian conjugates. The dots in the brackets
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indicate the terms from equations of motion obtained in the previous section (3.5), (3.6).
Further, we also allow the coefficient of the 1; kinetic term to change by adding @(Ipzﬁj +
..) and its hermitian conjugate with an arbitrary coefficient. We would like to fix the
coefficients by demanding consistency with equations of motion. But this consistency
requirement also forces us to add a term of the form &Ay(P); + ...) and its hermitian
conjugate so that certain unwanted terms do not appear in equations of motion. Finally,
all the arbitrary coefficients are determined by using the consistency of the action with the
equations of motion, which finally gives us the correct Lagrangian density. With future use
in mind, we present this supercovariant part of the Lagrangian density with a generalization
to n abelian vector multiplets below.
3

-5 §D& €
3

o 1 _ . _

— 15 T¢Iy — EElEifljfijJ — 3¢ Py gy — 301 1P0%n1
_ . _ . _ . 3.

+ O DALE g + ] DET Apnry — AL PY{€  nrs + ARy F0gnr,

e 1Ly = FH B+ 6 €l0¢7n + 3 FL T nry —

- ziijiﬁfﬁjjﬁu — %&jk&”dﬁjknu + %%C%ZJWJ + z@f){%EimJ

+ 2@5’7 T 0fmrs + ZI\L’Y - T07.67 s + %]\L%Eiﬁé}ﬁu — ;ARID@[ALE‘UWJ
+ %fjrfjj(/_\RlpAL + ALDAR)Nry — 3 Mg Ay + %AL%J_\RQ}%U

+ %ALALe_iginlJ + %f}'rgjj/_\RARl_\LALnIJ +h.c (4.8)

The indices I,J = 1,...,n label the vector multiplets. As we will discuss in the
next section, we will need three compensating vector multiplets to obtain pure Poincaré
supergravity. The kinetic term of the compensating multiplets should come with the wrong
sign so that upon using the Poincaré gauge fixing condition, the kinetic term of the physical
fields such as graviton, graviphoton, gravitino, etc comes with the right sign. However, if
we are interested in studying coupling of n, vector multiplets to Poincaré supergravity, we
would need to consider 3 4+ n,, vector multiplets coupled to conformal supergravity, where
the sign of the kinetic terms for 3 of the vector multiplets should come with a wrong sign and
for the remaining n, vector multiplets, it should come with the correct sign. Therefore one
would need to take nr; = diag{—1,—1,—1,1,...,1} in the above Lagrangian. In this paper,
however, we limit ourselves to 3 vector multiplets coupled to conformal supergravity and
take nyy = diag(—1,—1, —1), because we are interested in studying pure N' = 3 Poincaré
supergravity. Note that in the above Lagrangian, the fields Dij, X" and ¢* belonging to
the N' = 3 Weyl multiplet appear as Lagrange multiplier and imposes 8 bosonic and 36
fermionic constraints on the vector multiplet fields. This observation will play an important
role in our discussion in the next section.

5 Gauge fixing and pure Poincaré supergravity

Now that we have obtained the superconformal action, we are in a position to write the
action for the super-Poincaré theory by breaking the superfluous symmetries in the super-
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conformal theory. In this section, we will discuss the gauge fixing of the superconformal
group to the super-Poincaré group, and subsequently, we will write down the action in the
super-Poincaré theory.

Starting with special conformal symmetry, which can be broken by simply turning off
the only gauge field on which they act, the dilatation gauge field b,,.

K — gauge : b,=0 (5.1)

Furthermore, extra 18 (bosonic) 4+ 48 (fermionic) degrees of freedom are required to gauge
fix dilatation (1B), SU(3)r (8B), U(1)r (1B), and S-supersymmetry (12F), as well as to
satisfy the constraints imposed by the Lagrange multipliers D; (8B), x;; (24F), and ¢;
(12F).3 We know that one N’ = 3 vector multiplet has the fields & (6B), ¥; (12F) and 6y,
(4F) which are relevant for providing 6 (bosonic)+ 16 (fermionic) degrees of freedom for
the purpose. Thus, we need at least three vector multiplets as compensators to get the
super-Poincaré theory. The vector gauge fields coming from these compensating multiplets
would be a part of the super-Poincaré theory and would be known as graviphotons.

The dilatation symmetry can be broken by imposing the following condition on the
scalar field of the vector multiplet &;:

. 1
D — gauge : fhﬁgjnu =3 (5.2)

where « is a dimensionfull constant of mass dimension —1 that enters the theory as a result
of the breaking of the dilatation symmetry. In order to break S-supersymmetry, we choose
the following gauge condition,

S — gauge : &oln=0. (5.3)

At this point, the Lagrangian (4.8) is still invariant under local SU(3)r x U(1)g trans-
formation. However, instead of imposing suitable gauge fixing conditions on the scalars
for breaking these symmetries, we note that we can write the bosonic part of the action
in terms of an SU(3) x U(1) invariant object M?/ = k2¢f¢7% which satisfy the following
conditions

1
Mi=M ; Tr(Mp)=-1 ; MnyM= —3M (5.4)

For the minimal case with only 3 coupled vector multiplets, the above conditions imply
that

1
M7 = —577” : (5.5)

We now focus on the field equations of the Weyl multiplet fields that appear as Lagrange
multiplers in the vector multiplet action (D° ;, xij, Gi)-

3The numbers inside the brackets denote the degrees of freedom required for the purpose and “B” or
“F” denotes bosonic or fermionic.
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« Field equations of D’ It

(&"¢Inrs)s =0 (5.6)
 Field equations of x;;:
a&hnrr =0 (5.7)
o Field equations of (;:
&0inry — %5ijkflj¢Jk77[J =0 (5.8)

After taking S-gauge condition into consideration, the field equations (5.7) and (5.8) to-
gether implies:

W &Inry =0 (5.9)

Note that,

) ) 1. 1
g1 n1s = (€l nn)s + 5056 €ln) = —5 50 (5.10)

where we have used D-gauge (5.2) and the D’ ; field equation (5.6) to reach the above
form (5.10).

The auxiliary fields Téb and FE; appear quadratically in action and, therefore, can be
expressed in terms of their field equations as

E; = —69] 0%y (5.11)
: - 1-
T35 iy = 2F 5 ¢ iy — §AR’Vab9]§§i] nrr - (5.12)
Similarly, the equation of motion for the SU(3) and U(1) fields are given as
. 3 .
Vii= §§“ 0 M§3-7771J — trace + fermions,
o
A, = %f{ 9 &7 1y + fermions. (5.13)

It must be noted that, for the case of pure Poincaré supergravity, when we have only
three vector multiplets as compensators, then the dilatation gauge fixing condition, the
constraints imposed by the Lagrange multipler D?; together with a suitable SU(3) g x U(1) g
gauge fixing condition would imply that all the scalar fields ¢! take constant values. The
constant value would be determined by the exact nature of SU(3)r x U(1)r gauge fixing
condition. However, irrespective of the constant values taken by the scalar fields, the
SU(3)g x U(1)g invariant object M!’ constructed out of them is given by (5.5). This
combined with (5.9) and (5.8) implies 07, = 0 = v;. Thus, for the minimal case, we get,

VIZAJ = O’ AH == 0,
E; =0, = —6k2F R e, (5.14)
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However, it is important to note that in matter coupled supergravity theories where
we have n,, additional vector multiplets, &/ will no longer be constant. For (3 +n,) vector
multiplets coupled to conformal supergravity, we will have 6(3 + n,) scalars, out of which
only 18 will be fixed by the gauge fixing conditions leaving behind 6n, physical real scalar
(3n, complex scalar) fields in the matter coupled Poincaré supergravity theory, which will
be encoded in the matrix valued scalar fields M!7 obeying (5.4).

After imposing all the field equations and gauge fixing conditions on the Lagrangian
for the compensating vector multiplets coupled to conformal supergravity, we obtain the
Lagrangian for pure Poincaré supergravity as

e 1Ly = —%R + g Pt ﬁ‘]nu + fermions + h.c . (5.15)
The supersymmetry preserved by the above action has to be redefined from the Q-supersym-
metry (d¢g) defined in the superconformal theory. This is because the K-gauge and the
S-gauge condition break @)-supersymmetry and hence the unbroken supersymmetry for the
super-Poincaré theory has to be redefined by adding field dependent K and S transforma-
tions which preserve the gauge fixing condition. And hence, the Poincaré supersymmetry

transformations 55 that is preserved by the super-Poincaré theory is given as
56 (€) = 6q(€) + 6 (Mxcp) + Ss(mi) | (5.16)
where,
1
AK“ = —56 (b/“; + h.c. s
351 _apnt 3 I ant i o lxr ans
n; = ZGL’Y ORN1IVaEi + §5ijk7/) YOI N1IYa€ — §AL7 ARva€i (5.17)

The bosonic part of the Lagrangian (5.15) is given by an Einstein-Maxwell theory for a set
of three graviphotons (3 < I < 1) coupled to gravity. The bosonic equations of motion are
given by the following Einstein-Maxwell’s equations:

1 3 -~ 1 - -
R — 5gM,,R = 1“2 <2g”"FW,FW - §gWF . F) )
D F =0 (5.18)

The Bianchi identity is given as:

~abl
D =0 (5.19)

where our convention for dual tensor is given in appendix-A. The Maxwell’s equation
together with the Bianchi identity implies:

Dt = =D, F! (5.20)

In the above equations of motion, we have written the Maxwell’s equation and the Bianchi
identities in terms of the covariant derivative D, which is covariant only w.r.t. the local
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Lorentz transformations.? However, we can convert it into the covariant derivative Vi
which is also covariant w.r.t. general coordinate transformation as we explain below.
Recall, that in order to construct a theory of conformal supergravity from superconfor-
mal gauge theory, we need to impose the following constraint on the curvature correspond-
ing to the local translation (P,), so that local translation is realized as general coordinate

transformation:
R(P)};, = 2Dy,e;) + fermions = 0 (5.21)
Let us further define:
Deyy =V » D = €07 (5.22)

And therefore (up to fermions)

Ve, =Dyuey, — 1%, €5 =Diep =0 (5.23)
The derivative V,, defined above is covariant w.r.t. all the standard gauge transformations
as well as general coordinate transformation with the quantity I'f,, defined above playing
the role of the Christoffel connection. Under this covariant derivative, the vielbein e}, and
consequently the metric g, is covariantly constant as it should be. Thus, one can re-write

the Maxwell’s equation appearing in (5.20) as®

V,Frl =0 =v, Fm! (5.24)

6 Higher derivative deformation

In the previous section, we obtained the pure N = 3 Poincaré supergravity action which
is second order in derivatives. The goal of this section is to construct a higher deriva-
tive deformation to the leading order piece obtained in (5.15). In order to obtain such a
deformation in the superconformal set-up one needs to do the following;:

1. Add the pure N/ = 3 conformal supergravity action, constructed purely out of the
Weyl multiplet, to the action for the vector multiplets coupled to conformal super-
gravity.

2. Impose the Poincaré gauge fixing condition discussed in the previous section.

3. Eliminate the auxiliary fields Ty, E;, Dij, Vui j and A,. We will see later that the
elimination of these fields systematically lead to a derivative expansion of the action.
We will also see that the truncation of the action at the fourth order in derivatives
is a consistent truncation.

4This descends from the superconformal theory where the derivative D, is defined to be covariant w.r.t.
all the standard gauge transformations (dilatation, local Lorentz, SU(3) x U(1) R-symmetry).
®By following the sequence of steps: Do F** = ¢fD, F* = etV ,F* = V(e F™) = (V,F")el, = 0.
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The pure N/ = 3 conformal supergravity action has been obtained in [31].6 As discussed
above, as a first step, we add this action to the action for the vector multiplets coupled
to conformal supergravity. For the sake of brevity, we will only consider the bosonic part.
Since we are interested in pure supergravity, as we did in the previous section, we will
consider only the coupling of 3 compensating vector multiplets to conformal supergravity
labelled by the index I with n;; = diag(—1, —1, —1).

L=Ly+)Lcsa, (6.1)
where Ly is given in (4.8) and

Lose = 24R(M)®R(M)}, . +4SR(V) T, - R(V) ™, — 144R(A) - RT(A)

o . 3 1
— 6R(V)]Z . TZEJ' + 12ZR(A) . TZEZ + ETZ . T]EiEj + Zle jD] i

3 . . 1 A 3, .
+ SED DyE; + 1T DD Ty — 15 BB EE + g(T’ : TJ) (T : Tj)
+ h.c. (6.2)

Here R(M), R(V) and R(A) are the fully supercovariant curvatures for the local Lorentz
transformation (M), SU(3) R-symmetry (V) and U(1) R-symmetry (A) respectively. Their
expressions are given in appendix-B along with the curvature constraints and the Bianchi
identities that they satisfy. The curvature R(M),,*° becomes the Weyl tensor C,,,% (de-
fined in A.9) upon using the K-gauge condition (5.1) and inserting the composite expression
for the dependent K-gauge field fj;, which upon using the K-gauge condition is given in
terms of the Ricci tensor and Ricci scalar as shown below (See appendix-A for our conven-
tion of Riemann tensor, Ricci tensor and Ricci scalar):
poolpa_1pe (6.3)
SR A
The covariant derivative D, appearing in the action (6.2) is the fully supercovariant
derivative. However, if one is only interested in the bosonic part, one may replace it by
D, = D, + K-covariantization. where D,, as discussed in the previous section, is covariant
w.r.t. all the standard gauge transformations (dilatation, local Lorentz transformation and
R-symmetry). The parameter \ appearing in (6.1) is a dimensionless parameter which, as
we will see, will control the derivative expansion of the action. Hence, we will also refer to
it as the control parameter.

As a second step, we need to impose the Poincaré gauge fixing conditions, which are
the same as discussed in the previous section. As a third step we would need to eliminate
the auxiliary fields from their equations of motion. In the absence of the pure conformal
supergravity action (Lcsq), the field D? j appeared as a Lagrange multiplier that imposed
the constraints (5.6) on the vector multiplet scalars. However, in the presence of the

SWe have corrected minor typos in the original paper [31]. The negative sign of the term T Dy DTpe;
apperaring in the Pontryagin and Weyl square Lagrangian has been corrected to positive. We trace the
error back to an appendix and have correct this in the new arXiv version of [31].
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conformal supergravity action, the variation of the action (6.1) w.r.t. D%, leads to the
following equation:

{Sffhnu]s = %Dj i - (6.4)

Taking into account the dilatation gauge fixing condition (5.2), we can re-write the above
equation as

. 1 X\
Tedin ;= ———=6 + D7, . :
&E& g 520 T 3D (6.5)

Note the appearance of the field D? ;j in the above equation. In the absence of the conformal
supergravity action, we really do not worry about the expression for the field Dij in terms
of the physical fields since the expression in the action involving D° j vanishes due to the
constraint (5.6). However, this is not true once we add the conformal supergravity action.
Thus, we need to know the expression which would determine Dij. In this context, the
equation of motion for the vector multiplet scalars (3.6) is useful. It is instructive to put
the label I on the equations. The bosonic part is given as:

chlz + ZFI LT @Dzjgfj _ éTZ . ijjl _ %E]Ejfh =0 (66)

In order to extract D* ;j from the above equation, one needs to contract § k‘] nrJ to the above
equation and take the projection on the 8 irrep of SU(3). We get:

Di; = —1445* (600 1) — 362 (B Tignry) o+ 185 (T TRl €l s,
k2 . )
+ %EkElej +An? (DiD;) (6.7)
The T,p; and E; equations of motion are also modified as follows:
o Field equations for F;:
1 - . )
E; = —\w? (2400 B, - (BB B+ 48R(V) ;- Ty — 96R(A) - T; + 3T; - T 57)
= AP (6.8)
e Field equations of Téb:
T3&1& s = 263 & s + AM,, (6.9)

where,

Mapi = 32D DTye; — AR(V ) op? i Ej + 8iR(A) o E;

1 . ,
+ T BB+ T T Ty (6.10)
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Using the equations of motion of E; and T, one may simplify the equations of motion
determining D*; (6.7) as:

Diy == 144k? [¢] 0 s |+ Ae? [DIRDY] 4+ 1802 [T7- M)
- %A%%iﬂﬂ . (6.11)

The equations of motion for the R-symmetry gauge fields A, and Vﬂij are also modified as
follows:

 Field equations of A,:

; < &2
A, = %ﬁg}@,@{ . ; VDI 4 AR5, (6.12)
where X, = e/ X, is given by
Yo = 12D"R(A)y, — D" (T4 E;) - %EZDGEZ- — 2%(DTY) Ty + hic. . (6.13)

« Field equations for V/;;:

Vi = =5 &l 0u€) + 202 A D; + AR5,

i (6.14)

where,

. . . 3 . .
Sy = 24DPR(V) ' — 3D" (T4 ;) + TDuEjE' 4 12T, DT — h.c — trace.
(6.15)

It is evident from the equations of motion that one can obtain the solutions to the auxiliary
fields (schematically denoted as @) in powers of the control parameter A:

& =30 y M 4 . (6.16)

One can also see from the equations of motion (6.8), (6.9), (6.11), (6.12), (6.14) of the
auxiliary fields that a factor of k2 accompanies every power of A and hence an expansion
in A controls the derivative expansion of the action. From the following argument we show
that the zeroth order solutions for the auxiliary fields are sufficient if we are interested in
expanding the action up to fourth order in derivatives.

S[@© 4+ AdM] = 5y [0 + XM + AScga[@© + AdM),
08
— Sy [®©)] + A (V) 00 4 AScsal@©)] (6.17)
0P /50
Expanding the action to first order in A is adequate because we want to expand the action

up to fourth order in derivatives. Furthermore, ®© is the leading order solution of the
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auxiliary fields and hence it satisfies (%)(} = 0. Thus the expansion of the action up to
0

O()) or equivalently up to fourth order in derivatives is given by
S[@© + A0 = 5y [0 + ASc 5[] (6.18)

Hence it is sufficient to find the leading order solutions for the auxiliary fields in order
to expand the action up to fourth order in derivatives. The leading order solution for all
the auxiliary fields except D?; is given in (5.14). One can also check from the equation
determining D?; (6.11) that the leading order solution is given as:

Dy = —144x2 [¢] 0.6y J]S —0 (6.19)

The above expression vanishes because of the following reason. In the case of pure su-
pergravity, as explained in the previous section, at the leading order the vector multiplet
scalars take constant values. Hence EJI Oy ~ f ggj iy ~ R5§. Therefore it vanishes
when we project it on the 8 irrep of SU(3). Plugging the leading order solutions for the
auxiliary fields in (6.2), we obtain the expansion of the A/ = 3 Poincaré supergravity action
up to fourth order in derivatives as

e L= Lo+ ALy, (6.20)
where the leading piece is
2 3~ o
Ly = —?R + iF - F (6.21)

and the four derivative deformation is given as,

24 ~ ~ ~ ~
L1 = =5C"" Chypo + 288Ry FHH ,F 7Py — 576V FHIPE

K
+ 108k (FH - FHEYE~ - F~Dyngerniy . (6.22)
The indices I,J = 1,2,3 label the compensating vector multiplets with

nry = diag(—1,—1,—1). In order to expand the Lagrangian to next order in deriva-
tives, we would need to find the corrections to the auxiliary field solutions. The first order
corrections to the auxiliary fields are obtained as follows. First, we need to obtain the
first order correction (O(\)) to the vector multiplet scalars by substituting the leading
order expression for D'; in equation (6.5). However since D'; vanishes at leading order,
we find that the vector multiplet scalars do not receive any correction at the first order.
And therefore, the first order corrections to the auxiliary fields are obtained by simply
putting the leading order solutions into the O(A) term appearing in the auxiliary field
equations (6.8), (6.9), (6.11), (6.12), (6.14)). For instance, the O(A) correction to the
SU(3) gauge field is given as:

VIV = Ak?E (6.23)

(0)

where ZNO '; is the expression (6.15) evaluated on the leading order solution of the auxiliary

fields and is given as:

E(O)ij = 12]}.(21))DCT(0)Z’“' — h.c —trace (6.24)

a
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where T is the leading order solution to the auxiliary T-field given in (5.14). In the same
way the (O())) correction to the other auxiliary fields are given as:

B =0,
AL = 20?7 DO 4 hie
Té;)i _ 9)\K4Mg(;;+§(0)jK£(0)iL,’7KL
D =18 |70 M| (6.25)

where, Mgg is the expression (6.10) evaluated on the leading order solutions of the auxiliary
fields and is given as:

MY = 320,01 + T T . T (6.26)

bei

It is clear that if the leading order Maxwell’s equation is satisfied, then D, — (.
One can also show that if the leading order Einstein-Maxwell’s equations (5.18), (5.24)
are satisfied, then Mg;ﬁ = 0 (refer to appendix-C) and hence all the above first order
corrections and as a consequence all order corrections to the auxiliary field vanishes and
the leading order solutions to the auxiliary fields (5.14), (6.19) become exact. As a result
of which the truncation of the Lagrangian at the fourth order in derivatives (6.20) is
a consistent truncation. However, in order to arrive at this conclusion, one must show
that the corrections to the dynamical Einstein-Maxwell’s equation coming from the fourth
order piece vanish when the leading order Einstein-Maxwell’s equations (5.18), (5.24) are
satisfied. In the context of Maxwell’s equations, it is important to note that the corrections
to the Maxwell’s equation come via the corrections to the auxiliary T-field. In order to see
this, consider the fields .Aﬁ and T in the Lagrangian (6.1) as independent fields. The
Maxwell’s equation is obtained by varying the action w.r.t. Afb which comes only from Ly
and is given as:

Y, (ﬁﬂ”f — il _ il ) -0 (6.27)

Inserting the first order corrections to 7}, in the above equation, we obtain the corrections
to the Maxwell’s equation as:

VP = 302V, (Ml he) (6.28)

Since Mg%)ﬁ vanishes upon using the leading order Einstein-Maxwell’s equation, it also

implies that the corrections to the Maxwell’s equation also vanishes. The corrected Einstein
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equations can be obtained from (6.20) and is given as

1 3K2 A 1 P
Ryu_ig,uuR: e (2900Fuszxo_29,uuF'F>

1
— 24/\/12 (QVPVUCHPW — (Rpo' — 2ngR) Cp,pyo’)

1 . . 1 R .
+144)k* (—QgWR,,JF”P oF L’m’nu—§ngavg(F“a 7Py,

1y mgm . . e
_§V2(Flj-p]F Jp ,,)171J+VQV(M(F+I l/)pF Jpa)nIJ+2RJ(HFI/+)I pr JO',',]IJ

. . 1 o . N
+RapFH1 (MFV)JBTUJ>+54)\HJ6 (2guu(F HOETRYF L F L)nKLmJ)

+....

(6.29)
where (...) represents all the terms that trivially vanishes on imposing the leading order
Maxwell’s equations (5.24). After some tedious but straightforward calculations, one can
show that the O(\) corrections to the Einstein’s equation vanishes upon using the leading
order Einstein-Maxwell’s equation (5.18), (5.24) (Please refer to appendix-C).

As a result of the above discussions, we can conclude that for the case of pure N' =3
supergravity, we can consistently truncate our action at the fourth order in derivatives
where the auxiliary fields as well as the dynamical fields (graviton and graviphoton) are
given by their leading order two derivative equations of motion. Such a feature has been
observed in the case of minimal N' = 2 ungauged [45, 46] as well as gauged supergravity [21].
However, when one considers matter coupled supergravity theories, one cannot consistently
truncate at the fourth order in derivatives, and one indeed needs to consider the full
derivative expansion of the action.

7 Conclusion and future directions

Supergravity theories often arise as a low energy limit of string/M-theory and are useful
for understanding the physics of black holes in these theories. Therefore, the classification
of supergravity theories is of interest. The superconformal approach has been crucial in
the construction and classification of various supergravity invariants in four, five, and six
dimensions. In this paper, we have used the superconformal approach to derive pure N' = 3
supergravity in four dimensions along with four derivative corrections. To do this, we used
the N’ = 3 Weyl multiplet constructed in [29, 30] and the N' = 3 conformal supergravity
action constructed in [31]. To compensate for additional symmetries in the superconformal
theory, we constructed N = 3 vector multiplet coupled to conformal supergravity by using
supersymmetric reduction of N' = 4 vector multiplet coupled to conformal supergravity. We
constructed the action for the N' = 3 vector multiplet coupled to conformal supergravity by
using the density formula constructed in [31] using the covariant superform method and by
adding terms proportional to the vector multiplet equations of motion which we obtained
by performing supersymmetric reduction of N' = 4 vector multiplet equations of motion
coupled to conformal supergravity. We then used the gauge fixing procedure to obtain pure
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quadratic as well as higher derivative supergravity by using the actions for the Weyl and the
vector multiplet. We showed that while eliminating auxiliary fields and obtaining the action
as an expansion in derivatives, one can consistently truncate the action to fourth order in
derivatives, where the auxiliary fields as well as the dynamical fields such as the graviton
and the graviphoton obeys their leading order equations of motion. The main result of this
paper is the N/ = 3 Poincaré supergravity action up to fourth order in derivatives given
in (6.20). And some of our important intermediate results are: A = 3 vector multiplet
coupled to conformal supergravity and its complete supersymmetry transformation (3.3),
its equations of motion (3.5), (3.6) and its action (4.8).

While we have constructed the pure supergravity action by using three compensating
vector multiplets, our action for vector multiplets coupled to conformal supergravity holds
for arbitrary number of vector multiplets. One can therefore consider the action for 3 + n,
vector multiplets coupled to conformal supergravity to produce matter coupled N = 3
Poincaré supergravity. When the action for 3+n,, vector multiplets is considered along with
the pure N’ = 3 conformal supergravity action, we can obtain higher derivative corrections
to the two derivative results in [24]. Further, minimal gauged supergravity theories have
been recently shown to produce surprising insights into holography [20, 21]. It will be
interesting to construct minimal gauged N = 3 supergravity and obtain these insights for
N = 3 theories.

For conformal supergravities with eight supercharges in five [47] and six dimensions [48],
it was found long ago that there exist two versions of the Weyl multiplet. While they both
contain all the gauge fields for the superconformal algebra, their auxiliary field content
differs. In particular, one of them contains a scalar field of Weyl weight +1 and its super-
partner, which can be used to internally gauge fix dilatation and S-supersymmetry without
resorting to any compensating multiplets. Working with this multiplet reduces the num-
ber of compensating multiplets required for going from conformal supergravity to Poincaré
supergravity. This was dubbed the dilaton Weyl multiplet, while the other as the standard
Weyl multiplet. Dilaton Weyl multiplet was also constructed for four dimensional N = 2
conformal supergravity in [49]. Dilaton Weyl multiplets have the advantage that it allows
us to directly construct the supersymmetrization of a Riemann square term which can be
then used to construct the supersymmetrization of arbitrary curvature squared invariants.
This was used to construct supersymmetrization of arbitrary curvature squared invariants
in A/ = 1 supergravity in five dimensions [50] as well as N/ = 2 supergravity in four dimen-
sions [51] using the respective dilaton Weyl multiplets. It is an interesting open question
if the dilaton Weyl multiplet exists for N'= 3 and N = 4 conformal supergravity theories
in four dimensions. In recent work (which is to appear soon), where one of the authors is
involved [52], it was found that the dilaton Weyl multiplet in N = 4 conformal supergravity
manifests a USp(4) R-symmetry. One can imagine that if one performs a supersymmetric
truncation of this Weyl multiplet, one could perhaps be able to construct a dilaton Weyl
multiplet for A" = 3 conformal supergravity and hence the R-symmetry that would be man-
ifest in an V' = 3 dilaton Weyl multiplet should be some subgroup of USp(4). On the other
hand, if one constructs directly in /' = 3 using the standard method of coupling a vector
multiplet to the standard Weyl multiplet and using the equations of motion of the vector
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multiplet to eliminate the auxiliary fields of the standard Weyl multiplet in terms of the
auxiliary fields of the dilaton Weyl multiplet, one would expect that the R-symmetry that
would be manifest in N' = 3 dilaton Weyl multiplet would be a subgroup of SU(3). Hence
one might think that some subgroup that would lie in the overlap of USp(4) and SU(3)
would be the R-symmetry manifested in A/ = 3 dilaton Weyl multiplet. It would be inter-
esting to investigate this dilaton Weyl multiplet in /' = 3 conformal supergravity and use
it for an alternate formulation of N/ = 3 Poincaré supergravity and find its relation to the
Poincaré supergravity constructed in this paper. We leave these questions for future work.
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A Conventions

In this paper, curved indices are denoted by u,v = 0,1, ... while local Lorentz indices are
denoted by a,b,= 0,1,... respectively. We always (anti)symmetrize with weight one, for
example:
1 1
Tay) = 5 (Tab = Toa) s That) = 5 (Tab — Tha) (A1)
The completely antisymmetric tensor satisfies:
bed - b e, d :
e =¢ 18'””'006261,6;60, g0123 — 4 (A.2)
which implies v, = —%sabcd'y“l%. The dual of an antisymmetric tensor field F is given by:
n 1 cd
Fap = §5abch (A3)
and the (anti)selfdual part of Fy;, reads:
1 -
+ _
Fy=3 (Fab + Fab) (A.4)

Our convention of Riemann tensor in terms of the spin-connection is given as:

Ry = 20,08 — 2wiw,” (A5)

Recall that we had defined a covariant derivative which is covariant w.r.t. general coordinate
transformation along with local Lorentz transformations in (5.23). Under this covariant
derivative, ej; and subsequently the metric g, is covariantly constant. Hence the Christoffel
connection defined in (5.22) is given as:

L
FZV = igp (a,ugau + al/g,u,a - 8og;w) (AG)
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Further using [V, V,]ef = 0, we get the Riemann tensor defined in (A.5) completely
written in terms of curved indices as:

R p = Ryp™efen, = 0,19, — 0,19, + 5,0, — L0, (A7)
The Ricci tensor and Ricci scalar are defined as:
Ry = Ry,elevq = R?py, R =g"" Ry, (A.8)

The above convention of Riemann tensor is consistent with the negative sign appearing with
the Einstein-Hilbert term in (5.15). That is the reason why we chose the compensating
vector multiplets with the wrong sign of the kinetic term. The Weyl tensor is the trace-free
part of the Riemann tensor and is given as,

ab _ o ] L, fa b
Cp™ = Ry, —25[# o 3 R0 (A.9)

B Transformations of the dependent gauge fields and Bianchi identity

For the purpose of completeness, we provide explicit expressions of the fully supercovariant
curvatures in N’ = 3 conformal supergravity according to the conventions followed in [31]:

R(P)u" = 20),e,)" — 2w[uabey]b + 2b,e,)" — 1 (@Z'yawm» + h.c.)
R(Q)uw' =2 (% - %%“b%b + %b[u 1A[u) ¥ — 2V )
—%éijkv TV + 15ijkAL1Euj¢uk; - V[Mf,] :
R(M)™ = 20),w,™ — 2w, w V]C —4f, %, (B.1)
T (1&‘ 16,45 = GE DT — B RO+ he. )
R(V)w's = 200,V3)'5 + V! Vu] j
+ (-d}fu%]j + @D[ﬂy]@ Sgkﬂ/qﬂy
1166kz]EZ¢ !+ G@fﬂ Ty Ar — E?ﬁ[ui%}ARE}
—gw’u'y“wy]j/_\L%AR — h.c. — trace)
Ry = 20y = 1 (G0 + 5504706 + e BT
b TomAn + Ezzm,]AREi ~ §0h i iuhn + he.) (B2

As per the conventions followed in [31], the set of curvature constraints required to reduce
the superconformal gauge multiplet to the independent fields listed in table 1 are given as:

R(P),*=0
R(M) %", =0
YR(Q)w' =0 (B.3)
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The expressions for dependent gauge fields wj; fu and qﬁl are obtained by solving the
above constraints. Their complete Q and S- supersymmetry transformations is given as

follows:
wibl = — %ﬂ a%m+%Eijkz¢¢i:rab’“+a%3(@)abi—iﬁwa%ﬁh.o
501, = — 1 (ouy R(A) =37 R(AY e 2 (3 ROV Yo = ROV
—%ZJ'“/_\L’VuRab(Q)w“bEJ+%’Y'T[i’m'ijﬂ+i€ij’“(w’y-¢Tj—3le-Tj’m)6k

_76 wﬁlcw (e"yawuj—5§€k%¢uk+€ﬂa¢;—5§€maw,’i)'y“ALEj
916 (e VWi — 058 Vo +EVath), — (Vaﬂa”%) aCj—EE[iwﬁEjAR
—312 ”k(ﬁ Vai/karGWa%)V Xgl—ééjmjd)ux _lgijkgjdjuleAL
116 (6 VaWpuj — 05 Vot +€vathl, — b ewawﬂ) -T7 QAL**5 € iYabun Y AL
+2D,1 — 51jk'7,u'7'Tj77k+iEijkﬁjVa@Z’uk'YaAL

i .
24

. 1 .~ a 1 — abi Z.— P, a
5f,% = —afyMDbR(Q)abﬁZaR(S) ui+§eijk:rubke R(Q) bﬂ—gek%mR(A) b

1. ~ ) 1 . . 1 oo 1
+§E@Vb¢ujR(V)abjz’+QG[IV'EVGW'T]]@buj—*ﬁz‘jkawﬁDbT“bk 48€zgk€ 'y TI gl
1_. 1_. 1
+§77%7a¢m'*1771R(Q)uai 485zgk77 - Tkvai,l)] +h.c.,

(B.4)

The above mentioned supersymmetry transformations of the dependent gauge fields can be
obtained from the independent ones as explained in [43]. The Bianchi identities satisfied
by the curvatures as shown below:

R(D)ay =0
R(M)abed = R(M)cdab
aecdR(M)cdeb -0
1
4 cabed efghR(M)a (M)cdgh
eI DyDaR(M ) efap = 0
R(K)ab = _DeR(M)abec

1 - .
CLdeDbR(V)CdJ —GAL'yb'y . T’R(Q)?b + (h.c; traceless)

ac 2 j a iy abj
YDy R(A)q = _TAL’Yb’Y -TIR(Q)™; — EAR’Yb’Y T R(Q)™
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) 1 .. 1 ..
EabcdDbR(S)éd _ ﬁE”k’YaTk . R(S)] + geljkTngdR(Q)dbj

— AR(VY - RQY — £ R(A) - RQ)
— DI RQ + oy T T RQ)Y (B)

C Truncation of equations of motion

In this appendix we show that the O(\) corrections to the le and Einstein’s equation
vanishes upon using the leading order solution 7 éb) given in (5.14) and Einstein-Maxwell’s
equation (5.18), (5.24). First we will consider O()) corrections to the T, given as:

T = oAt MO cOK Oty (1)
0)

where, Mfm is given as:
M(b) =32D Dch(O) + T(b)JjﬂZ(O) T(O)
c(0 0 0 0
— 32D, D°T\") — 32£,T," T;b)JT( o1 (C.2)

ci K3

where covariant derivative D, appearing in the first line is the fully supercovariant deriva-
tive. Since we are interested in only the bosonic part, we can replace it with D, =
D, + K-covariantization in the second line where D, is covariant w.r.t. all the standard
gauge transformations (dilatation, local Lorentz transformation, and R-symmetry). The
K-gauge field f; in terms of the Ricci tensor and Ricci scalar is given as:

a 1 a 1 a
f# = iRM — ERBM (03)

Upon using Einstein-Maxwell’s equation (5.18), one can write Ricci tensor and Ricci scalar
as shown below:

Ry = —3x*F°F /n1;, R=0 (C.4)

(0)i

Upon substituting 7, and the expression Ricci tensor and Ricci scalar from above in (C.2)

we get,

Mfféi = —192 fzIDaDCF nry + 288 51F+KF L[C[ A}_ ke

+ 728 K (F_L L F ) NIJNKL (C.5)

To arrive at the last term we use eq. (5.5) and the D-gauge condition given in (5.2). We
notice that the first term of the above equation vanishes upon using the Maxwell’s equation
together with the Bianchi identity given in (5.20). The second term however, can further
be simplified on the using folowing identity:

Gt H*E

1
+ rrte + 77t + 7t
faletapy) = igG H* capeq — 7 (GoiHog + G (C.6)
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We have,

MO = 36 ¢l FHK (ﬁ’L : }A«“’Jeco‘ab) ey — 144 & FER (ﬁa_bL ' ﬁh}m) MINKL

abi

+72¢ FEK (ﬁ_L : ﬁ_‘]) NLINKL (C.7)

Now, for the O()) corrections to the T, given in (C.1), we need to take selfdual projection
of Mgl)%’ which yields

MO = 36 ¢l FHE (ﬁ’*L : 17“*‘]) ()" FetXnrmice

abi

+ T2 FLN (ﬁ_L ' ﬁ_‘]) nrniL =0 (C.8)
where we have used the fact that (eg) " FHE = 2F K Thus, we showed
)" = O MO Oy — 0 (C.9)

Similarly, we will show now that the O()\) corrections to the Einstein’s equation (C.10)
also vanishes. We consider, the non-trivial part of the corrected Einstein’s equation as
shown below:

1
EM = — 24)k? <2VPV"CWW — (R”" - ng’"R> C,W>

1 . s 1 . .
+ 144 k% <2gWRng+IP JET nufigu,,vavﬁ(F“a ZETPP 0

Lo, mrg o A A - Al
—EVQ(FJ:OIF Jp V)UIJ+VaV(u(F+I I/)pF Jpa)mJ + 2R0(MF;SI pr JUUIJ

R . 1 . .
+RogF (MFV)J B"?IJ) + 54AR° (ng,(F“ CFTYEF L)77KL?71J>

(C.10)

Upon writing the Weyl tensor in terms of Riemann tensor, Ricci tensor and Ricci scalar as
given in (A.9), the first two terms of (C.10) takes the following form

— 8NPV Cpo = —2400% (V2 By, = G VIV Ry = Ryppus P + Ro( R,
2N R Cpue = 12002 (2Ryupuio R = G R* Ryo + 2R, (R, (C.11)

To arrive at first equation of (C.11), we have used the following relations:
VoRupvo = VoRu — VR, [Vu, V] R = R, R°? + RP 5, R (C.12)

On substituting back (C.11) in (C.10) and further writing the expressions for Ricci tensor
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as given in (C.4), we get

EN =12 VHELF )0 — 1206 g,

— 144)\/64RWWF+IP°‘FOT‘]”17U772)\/-@49#,,}%,)0}%"'1’) aﬁ’_‘]aonu
0

—T2Xi g, Vo Vg (EH T 708 s — 1o NN 2B 7Yy

HAARI GV (W (FH ) F 7P n 4 2880 Ry P B T

VY, SEPY 017 —120K% g, R R o

A

. L 1 NN N
+ 144K R, FH1P (qu)J"mJ+54>mﬁ <2gw(F+]-F+K)(F JF L)nKLmJ)
(C.13)

The second and sixth term goes to zero as a consequence of (5.20). We now focus on the
second term in the third line of (C.13).

144V oV ( (B F=P)

— 144 ( {va, V(u} L [VQ,V(“} F*J“PF;SD g

= 144 R, ( LN PE T O np 4 44R o PO B Oy (C.14)

The reason we could express the above term as commutators is because the term
(E+,,F=7P%) is symmetric in o and v thus, the contribution coming from the term
where V,, acts on it vanishes as a consequence of (5.20). Thereafter, for simplification, we
will take the first term of the last line in (C.13) and re-express it as

V4R, 1P (L F T Ty = —V44R (1 P E Y Oy 4+ T2Gu Roo EH10 (7705 (C.15)

Now, upon substituting (C.14) and (C.15) in the equation (C.13), we get
EY = —120k2g, R* Ry + 2TAKS gy (B - PN E~ - L)y (C.16)

The first term exactly cancels the second term on substituting the expression for Ricci
tensor as given in (C.4). Thus, we finally obtain

EM =0, (C.17)
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