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1 Introduction

Conformal supergravities in four dimensions are invariant under the local symmetries as-
sociated with the superconformal algebra su(2,2|N). The transformation rules and cor-
responding invariant Lagrangians are known for N = 1 and 2 [1, 2|. For the N = 4
theory, the Weyl multiplet and its full non-linear transformations were determined in [3].
A unique feature of the latter theory is the presence of scalars fields which parametrize an
SU(1,1)/U(1) coset space. This U(1) factor extends the SU(4) R-symmetry to the U(4)
that is generically present in the algebra [4]. Furthermore, it was shown that N > 4 the-
ories cannot exist off-shell [5], as they would necessarily involve higher-spin fields and the
supermultiplet would in general not contain the graviton. It is also worth pointing out
that the N < 4 superconformal field representation and the transformation rules have been
worked out in superspace [6].

Although the field representation and its off-shell transformation rules are known,
the full non-linear action for N = 4 conformal supergravity remains to be constructed.
Recently, a calculation was performed based on an on-shell N = 4 abelian gauge theory in
a conformal supergravity background [7]. The integration of the abelian gauge multiplet
led to the determination of the bosonic terms of the superconformal action [8]. These terms
comprise the square of the Weyl tensor and are related to the conformal anomaly, as was
discussed long ago in [9]. The resulting action is invariant under a continuous rigid SU(1, 1)
symmetry, which can be explained by the fact that the gauge theory action has SU(1,1)
as an electric-magnetic duality group.



In this paper we calculate the SU(1, 1) invariant action of N = 4 conformal supergravity
by exploiting the known transformation rules and imposing supersymmetry by iteration.
This computation is of interest since it completes the result of [8] to quadratic order in the
fermion fields. However, we also find that our results do not coincide.

Actually, string theory indicates the existence of an extended class of actions in which
the continuous SU(1, 1) is broken. For instance, in ITA string compactifications on K3 x 72,
the effective action contains terms quadratic in the Weyl tensor and its dual, multiplied
by a modular function [10]. Further indications arise from the semiclassical approximation
of the microscopic degeneracy formula for dyonic BPS black holes [11-13], which captures
corrections to the macroscopic entropy originating from the same class of actions. This
paper deals exclusively with the construction of the action invariant under the continuous
SU(1,1).

The paper is organized as follows. Section 2 contains a summary of the N = 4 Weyl
multiplet and its transformation rules. The quadratic action, which serves as the start-
ing point of our computation, is discussed in section 3. In section 4, we introduce the
iterative procedure used to construct terms of higher-order in the fields. All the terms
up to quadratic order in fermions are presented. Those that contain only matter fields,
supercovariant derivatives and curvatures are discussed and compared to the result of [8]
in section 5. The remaining terms which depend explicitly on the fermionic gauge fields
are given in appendix A. Finally, appendix B contains the Bianchi identities and the trans-
formation rules of the curvatures.

2 N = 4 conformal supergravity

N = 4 conformal supergravity [3] is built upon the gauging of the superconformal algebra
s1(2,2[4). Its bosonic subalgebra! contains the generators of the conformal group SU(2, 2)
and the generators of a chiral SU(4) R-symmetry. The fermionic generators consist of
sixteen QQ supercharges and sixteen S supercharges. In addition, the theory has a non-
linearly realised rigid SU(1,1) symmetry and a local chiral U(1) symmetry. The latter
extends the R-symmetry group to SU(4) x U(1). The field representation of the theory
comprises the gauge fields associated to the various superconformal symmetries and the
local U(1), as well as a set of matter fields. In this paper, we adopt the conventions of [3],
unless stated otherwise.

The bosonic gauge fields associated to the SU(2,2|4) symmetries are the vierbein e,®,
the spin connection w, %, the dilatational gauge field b,,, the conformal boost gauge field f,,*
and the SU(4) gauge field V,*;, while the fermionic ones are the Q- and S-supersymmetry
gauge fields @bui and qb,f, respectively. Finally, the connection a,, is associated with the local
chiral U(1) symmetry. The complete set of gauge fields of N = 4 conformal supergravity
is listed in table 1 along with their algebraic restrictions, their SU(4) representation, their
weight w under local dilatations and their U(1) chiral weight c.

!The optional U(1) central charge is suppressed [4]. Note that it does not correspond to the one of the
SU(1,1)/U(1) coset space.



Field Symmetries (Generators) Name/Restrictions SUM4) w ¢
eu” Translations (P) vierbein 1 -1 0
w, % Lorentz (M) spin connection 1 0
by Dilatation (D) dilatational gauge field 1 0
Bosons V. SU4) (V) SU(‘4) gauge field | 15 0
Vi = (V)" = ~V,d,
V=0
fu® Conformal boosts (K)  K-gauge field 1 1
a, U(1) U(1) gauge field 1 0 0
b, S-supersymmetry (S) S-gauge field 4 % —%
Fermions V5 byt = —p°
% Q-supersymmetry (Q)  gravitino; s LZJL = wz 4 —% —%

Table 1. Gauge fields of N = 4 conformal supergravity.

The matter fields of the theory consist of three types of scalar fields ¢q, E;j, DUy, an
antisymmetric tensor 7% and two spin-1/2 fermions A;, x/;. We list them in table 2 with
their various algebraic properties, and their representation assignments. The rigid SU(1,1)
indices are denoted by a, 5 =1, 2.

Field Restrictions SUM) w ¢
ba ' =], 0® = ¢} Lo
E; Ey—Ej 0 1 -1
Tabij %EadeTcdij = _Tabij 6 1 -1
Bosons T = =Ty
DYy Dy = e ey DPpyy, 200 20
Dy = (D) = D'y
D =0
A A=A 4 3 -3
Fermions Xijk ’y5xijk; = Xijld Xijk = —ink 20 % _%
X7 =0

Table 2. Matter fields of N = 4 conformal supergravity.

An element of SU(1,1) can be written in terms of the doublet of complex scalars ¢,
which satisfies

¢a¢a =1, (21)

where ¢ = no‘ﬁgbz with n®# = diag(+1, —1). Therefore, due to the presence of the local
U(1), the scalars parametrise an SU(1,1)/U(1) coset.



Just as in ordinary gravity where the spin connection is a composite field, the gauge
fields wuab, fu® and qﬁui are expressed in terms of the other ones through a set of conven-
tional constraints on the superconformal curvatures

R(P),* =0,
R(M),, %"y =0,
YR(Q)w' = 0. (2.2)

The U(1) gauge field a,, is also composite and solves the supercovariant constraint

# Do = —3 M. (2.3)
The derivative D), is covariant with respect to all the gauge symmetries. By making use
of the Bianchi identities for the curvatures, the constraints (2.2) lead to an additional set
of identities which are summarised in appendix B. The explicit expressions of R(Q) Wi and
R(S), are given in appendix B. We refer to [3] for the other ones.
The independent fields of tables 1 and 2 constitute the full Weyl supermultiplet of
N = 4 conformal supergravity which contains 128 + 128 off-shell degrees of freedom. The
non-linear superconformal transformation rules of the fields were derived in [3]. The Q-
supersymmetry transformations? of the gauge fields read

dgeu” = Eival/)m + h.c.,
. 1 . o
(SQw/j = Q’D#GZ — §”yabTabU’yu€j + EZ]kl T/J“jek Al y
1 .
dgby = iglgbm- +h.c.,

) y ~ . 1 - 1 .,
5QV#ZJ' — €Z¢Mj + Ek'Y,qukj _ *5jk:mnEZk Em,(?DMn _ éEZkej'YuAk

2
+ ie’“m T%; & YapYulhm + %"VMPAJ'
— isiklpajmnp & Yo Ay A" — (h.c.; traceless) ,
dga, = %iéiyuibAi + %iEij Noyued + éifijkl Tot Ny, y0ed
— ii(AiWAj — 6% APy, Ag) €77 + hee.

1 . . o
Sow,2b = —igwabqsm + @y, R(Q)®; —2T%; &4, +hc.,

1 . . g
5qua = —geub €ade giR(S)ch — Ei’yquR(Q)abz — QTMbZ] QR(Q)abj

+h.c. + [terms o< 1,],
‘ 1
5Q¢uz = _2fua”)/afZ + ZTabU TCdjk 'ch'Y,u’YabEk
1 1 | y
+ <[ =39 ] |ROV)ab's € = SiFupe’ + 5 DaTed’y* e
+ [terms o< 1], (2.4)

2We employed Pauli-Kéllén conventions where 2 equals iz° for o = 1, so that all gamma matrices are
hermitian.



while for the matter fields we have

5Q¢a = _EiAigaﬁ(bﬁa

0Py = =€ DA — 1Az'ybCTbC I Ya€i — %EiAi Nrh;,
SoAi = —2 Pe; + Eijél + ;e,m Ty Abe el |

80 Ei; = 2€IPA ) — 2€ X ™ €jykmn — Nil\j @AF + 2 ApA €5 AF

50T = 2ER(Q)ay’) + %Ek’Yainjk + iEijkl €Y YarDeNp — %Ek[i vy, + %6 PN

Soxk = 7%7 "PToi e, — Y R(V) g € — ;5mm DEy em + Dijkl ¢

- %Ekl nEy O[T + Ty mell] + Ekl gl 3 ”lm}b’y T % €m

+ iVaﬁn (269%™ e — €9 ] Yo A + 16[1 [2 A DA, + Ay DAT]

_ iyabe[i [2 A7)y, DyAy, — Apya Dy — %eiﬂmAm & [Ern A" + 2 PA]

+ %sijlmAm & [EmA™ + 2 PA] — %YQbTabij’YCE[k Alyedy

— %yabTabl[iyce[k ]Xj]%Al] + %e[if\j]Am ApA,, — (traces),

5Dy = =4 DIy + e & [ — 2 plpymn %vabTabmn B Ay %Ej]mEnpAp
- gﬁAmEﬂ” + %yabTabm"A,, Al AP}

+é [2 ™ ) Mg Ay 2 Py T ATV 2 3AnEnm A2 V“bPA’ Apvaphi
+ glimn gp pab [2Tot npAm + Tapmnp] + (h.c.; traceless) . (2.5)

where € is the Q-supersymmetry parameter and where D,, is covariant with respect to the
all the bosonic symmetries except the conformal boosts. For instance, we have

4 1 o
D€' = [Eh 4Wu *Yab + = (b + 1“#)] -V.)'€,
i I w 1 . i i g
Dyn' = |0y — Zw“ Yab — i(b“ —iay)|n' = V', (2.6)

where we introduced the S-supersymmetry parameter 7°. Note that, contrary to [3], the
U(1) gauge field is real.

In (2.4), we introduced the supercovariant U(1) field strength F},,, and the complex
vector P,

P, = 5a6¢aDu¢ﬁ )
P, = —e"¢,D,¢p, (2.7)



with £12 = ¢!2 = +1. The S-supersymmetry transformations of the fields are
dge, =0,
Ostbu’ = =y’
dsby = *%JJJ n; + h.c.,
55Vuij = - an - %52 &,ﬁnk —h.c.,
dsa, =0,

1.
(55(,0“‘117 = 5@[)“’7‘117771- + h.c.,

1 o] ) 1 y
5Sfua = §ﬁ17a¢ul - ZﬁiR(Q)um + EﬁiVbchcZJ'Ya@buj +h.c.,
Sabi—=9D i 1 abrp ij lijkl—A )
SPu = wtl 6’7//7 ab’Mj + 25 Mk l¢ugv
5S¢a =0
_ 1.
5SPa = _577]1711/\2' 5
53Ai - 07
0sEij = 200y,
g 1 .o0r
0s5Tap" = —f”kl M Yab A1 5
i Lo ab 2l )l ab L iitm Lt anlie ]
dsxk = 5 Lab” Yk +§5kTab v = 5 Eklnm—ZAk’Y Al
1 - ) _ .
+ Eé,[f [Ary*Alyan” = Ay A yan']
8D, =0. (2.8)

As is clear from (2.4), (2.5) and (2.8), the coset space sector of the theory can be
entirely described in terms of P, and F),. In what follows, we will make use of these
SU(1, 1) invariant quantities rather than the scalars ¢,. Note also that P, has Weyl weight
w = 1 and is invariant under K-transformations. We finally present several identities which
will be useful in the next sections. Using (2.3) and (2.7), one can respectively derive

1_.
£57Dad Dyd” = 2 $aDiad e5y0” D¢ = SN yu iy

Do¢® Dypo = —Po Py — %AiVaAiAj'YbAj : (2.9)

It follows that
Fap = 2iP, Py — %1[1’\"7[,11)1,]1\2- —h.c], (2.10)
Dy, Py = %]\N[a/\ipb] + iAiR(Q)abiy (2.11)

which are the supersymmetric generalisations of the Maurer-Cartan equations associated
with the coset space SU(1,1)/U(1).



3 The quadratic action

In this section, we present the part of the action which is quadratic in the fields. It will
be the starting point for the iterative procedure presented in section 4, which we will use
to generate terms of higher-order in the fields. The action will be constructed such that
all the derivatives and curvatures that appear are fully supercovariantized with respect to
all the gauge transformations (bosonic as well as fermionic). Hence, we must insist that,
throughout the paper, our counting of the fields always excludes the gauge fields which are
implicitly contained within the supercovariant derivatives and curvatures.
The quadratic Lagrangian of N = 4 conformal supergravity reads

— 1 abc — abi —J
e Lo = SR(M)™ R(M) g0y + R(V)™ ' R(V)

ab i
g 1 | g
_4 Tablj DaDCTCbij + 1EijD2Ez] + gDZ] leklZ]
-2P*[D,D"P, + D*P,| —2D*P*D,P, — D“P,D"P,

+ R(Q)ab' R(S)™s — XY 1 IDX"; — %Ai <D2E +PD* - lpg) A +he,  (31)

with e = det[e,%] and where the (anti)self-dual part of a generic second rank tensor R is
defined as Rf = %[Rab + %sabcdRCd]. The expression (3.1) corresponds to the real part of
the chiral invariant of the linearized theory given in [3]. The imaginary part of the chiral
invariant is a total derivative.

The structures of the quadratic terms are uniquely fixed by requiring invariance under
U(1), SU(4) and Lorentz symmetry, while the number of derivatives in each term is fixed
by Weyl invariance. At the level of the action, the derivatives can be moved around
using integration by parts at the expense of higher-order terms in the fermions. However,
requiring K-invariance (i.e. under conformal boosts) fixes the position of the derivatives.
Under these conditions, the quadratic terms for the fields E%, T and A; are uniquely
determined. The case of the vectors P, is more subtle and will be discussed below.

The relative coefficients between the different quadratic terms are fixed by requiring
Q-supersymmetry invariance at quadratic order in the fields. The K-invariance of the
quadratic terms involving the vectors P, is not straightforward. Out of the four possible
terms, all appearing in the Lagrangian (3.1), none is K-invariant. The two terms in which
both derivatives act on the same field should not be treated as independent. Indeed, only
their sum is relevant at quadratic order since their difference

D?P, — D,D"P, = D"D,P, + [D", D4] P, (3.2)

is of higher-order in the fields due to (2.11). An arbitrary combination of the remaining
three independent quadratic terms is generically not K-invariant. However, when consid-
ering the unique combination appearing in (3.1), one finds that it is K-invariant up to a
term of higher-order in the fields

Sk [2 P*(Dy D Py+-D*P,)+2 D, P,D* P*+ D, P* D, P’ +h.c.] = 4 AKB,DPPY thec.. (3.3)



Here AKX is the K-transformation parameter. We should emphasise that, at this point, re-
quiring K-invariance of each of the supercovariant terms in the Lagrangian is not necessary.
The advantage of imposing such a condition already at the level of the quadratic action is
that terms with an explicit K-gauge field f,* will not have to be introduced when deriving
the interaction terms. This will be explained in section 4.

Finally, it is important to emphasize that in this paper, we will exclusively consider
the real part of the chiral invariant. Without this reality condition, the K-variation of the
kinetic terms for P, is not of higher-order in the fields anymore and consequently, one is
forced to introduce explicit K-gauge fields.

4 Building up higher-order terms

In this section, we present the iterative procedure used to construct the supersymmetric
completion of the quadratic Lagrangian (3.1). The non-linearity of the supersymmetry
transformations rules will require us to add successive layers of terms of higher-order in the
fields to the Lagrangian. The higher-order terms will be chosen such that their supersymme-
try variations precisely cancel against the variations of the pre-existing lower-order terms.
Ultimately, this program terminates when all the necessary terms have been added such
that the Lagrangian is fully invariant under supersymmetry. Requiring Q-supersymmetry
invariance turns out to be enough to ensure invariance under all the symmetries of N = 4
conformal supergravity. This is due to the specific superalgebra obeyed by the different gen-
erators [3]. Indeed, the commutator of two infinitesimal Q-supersymmetry transformations
yields the full set of superconformal transformations including the U(1) transformation.

4.1 Structure of the full Lagrangian

This supersymmetrization procedure is unambiguous, yet lengthy, and provided sufficient
computational efforts are invested it is guaranteed to give the full off-shell superconformal
invariant. In practice however, the computation rapidly becomes unmanageable due to the
rich field content and the non-linearity of the transformation rules. Therefore it becomes
essential to systematise the work by making use of certain structure patterns appearing in
the computation. Hence, we argue? that the full Lagrangian can be written in the following
form

L=Lo+VLy+ OLs+ Loz + VPLyg + Lo + 1V Loys + V2L + W Ly, (4.1)

where here, ¢ and ¢ schematically denote the gravitino and the S-gauge field, respectively.
The quantities Lo, Ly, Lo, Ly, Ly2, Ly, Lys, Ly24, Lya only depend on supercovariant
fields, i.e. matter fields, supercovariant curvatures and their supercovariant derivatives.
Note that the terms of lowest-order in the fields in £y correspond to the quadratic La-
grangian (3.1). Consequently, the other supercovariant quantities in (4.1) are at least of
quadratic order in the fields.

3This is inspired by the approaches of [14, 15].



The expression (4.1) only contains terms up to four explicit gauge fields (i) or ¢).
This can be understood as follows. Under an infinitesimal Q-supersymmetry variation (Q-
variation), a gravitino transforms into the gradient of the Q-supersymmetry parameter. In
order for this variation to be subsequently canceled, it first has to be integrated by parts
such that when the derivative hits any of the other explicit gauge fields, it yields a curvature
(Q or S). This requires the explicit gauge fields to appear fully anti-symmetrized in their
vector indices and therefore rules out the possibility of terms with more than four explicit
gauge fields. The same reasoning holds for an infinitesimal S-supersymmetry variation
acting on ¢. However, for our current analysis the terms with more than two explicit gauge
fields are not required since we are only looking to construct the Lagrangian up to quadratic
order in the fermion fields. We will therefore not attempt to derive them explicitly.

The Weyl weights of 1 and ¢ restrict the order of the possible terms appearing in the
various quantities Lo, Ly,.... For instance, based on the fact that the field A; has the
lowest Weyl weight, one expects the terms of Ly to be at most of eigth-order in A; without
any derivatives. Weyl invariance also rules out terms with more than two S-gauge fields.
Furthermore, terms with two ¢’s and one 1 do not appear in (4.1) as the Weyl weight of
their associated supercovariant factor does not allow for more than one covariant field. For
the same reason, terms with three v’s and one ¢ are not present. Because of the Weyl
weight of ¢, the term ¢2£¢2 will be of higher-order in the fermion fields.*

Finally, in order to write the full Lagrangian as in (4.1), we assumed that there are no
terms containing explicit K-gauge fields. Because of its Weyl weight, the K-gauge field f
could only schematically appear within terms of the form fL; and ¥ fL,; where Ly, Ly ¢
are supercovariant. However, some parts of the S-supersymmetry variations of these two
terms would necessarily have to cancel against each other, and consequently the absence of
one implies the absence of the other. Since the first one could only arise to compensate for
the lack of K-invariance of Ly, it means that a K-invariant L£q prohibits the appearance of
explicit K-gauge fields throughout the full Lagrangian. In section 3, we have written the
quadratic part of £y in such a way that it is K-invariant at quadratic order in the fields.
As will be clear from our results in section 5, the completion of Ly to higher-order in the
fields is K-invariant and therefore there will be no deviation from the structure (4.1).

Finally, it is clear that the expression (4.1) cannot capture accurately the structure of
the full chiral invariant. Indeed, as was discussed in section 3, the latter involves explicit
K-gauge fields.

4.2 Constructing the interaction terms

In this subsection, we outline the iterative procedure used to construct the various superco-
variant quantities appearing in the schematic expression (4.1) of the full N = 4 conformal
supergravity Lagrangian. To this purpose, let us first write a part of (4.1) with explicit
indices

1-. 1- . 1-. I ) .
L=Ly+ B a L4+ §¢alﬁ¢ai + Zﬂ)blﬁw?abijﬂ)aj + Zipbiﬁw?ablj o’

1. 1 - S
+§¢b%¢;’2j o+ iwbiﬁw‘lb@ o +hel . (4.2)

41t ¢2£¢,2 would contain terms which are quadratic in the fermions, then for our purposes L£,2 would
have to be purely bosonic. This possibility is again ruled out by the Weyl weight of the bosonic fields.

-9 —



Since we are only interested in the Lagrangian up to quadratic order in the fermion
fields, we have truncated the full Lagrangian to the above expression. For the same rea-
son, Ly is restricted to terms up to quadratic order in the fermions, while £,%, £ and
szabij,ﬁwzabij,ﬁwabij, Ew‘lbij are only linear in the fermions and purely bosonic®, respec-
tively. Note also that, as discussed in section 4.1, the last four quantities are antisymmetric
in their vector indices.

In what follows, we will work at specific orders in the supercovariant fields. To this
purpose, we define E(()"), Efp")al-, E;")QZ-, EZQ“%, E;Z)“bij and Eﬁ “bij, Efﬁ; “bij which contain the
terms of order n in the supercovariant fields of the quantities appearing in (4.1). They
will be constructed by requiring that the various Q-variations of order n vanish. These
variations naturally arise from terms of order n in the Lagrangian but also from terms
of lowest-order. Therefore, each layer of computation relies on the previous ones. Conse-
quently, all the terms at order n < m have to be constructed before the terms of order
m. Furthermore, we can systematically restrict ourselves to variations which are linear in
the fermion fields since we are only looking to derive the terms in the Lagrangian up to
quadratic order in the fermions.

In order to explain how the Q-variations at a specific order cancel against each other,
we compute below the Q-variations of the various terms appearing in the Lagrangian at
order n. To this purpose, we introduce the symbols dg fa,(SQ‘ . and dg ou which denote
gauge transformations where the parameters are replaced by the associated gauge fields.
Additionally, we define 550“) as the supercovariant part of a Q-variation. In what follows,
we insist that all the variations which are of cubic order, or more than cubic order, in the
fermions (gauge and matter fields) will be suppressed.

SQLSY ~ [dgele L5V +edgle 1LY, (4.3)
1 71 n —7 n 1 cov) 7 1 n € — n
§5Q[ alﬁsb )ai + h.C.] ~ fabﬁz’}/bﬁ; )ai + 5[522 )¢al]£§b )ai + §¢QZ5Q [6 lﬁfﬁ )ai] + h.c., (4.4)
1. . . 1 5 e
500 [ L57% 4+ hoc] ~ D L5V — 167 TILM + S%a 00 [e71£07%] + hee.

~i ~1pmay _ (ma _ € —1 p(na
~ —e&Dgle” L,7%] — €k, L,7% — 7€ 0q,, e L57]

€ — n 1— 1] n € — n
— Setbg, 19 — Tepr TILE + Sisole
+ h.c., (4.5)

where in (4.5), we dropped a total derivative. Note that the term involving the field
T,9 comes from the covariant part of the variation of 1. It will appear similarly in the
subsequent variations. We continue with

Lo o
1% [06 L0500 + i3 b + huc]

~ (D1 L1 % ba” + [Py L0 jaba?

®They contain only bosonic fields but they are still matrices in the spinor space.

,10,



1 .
- ;& THRLE) Y jba” + Eqpy - T £ 5106’] + hc,

~ —eE Db[ —1£(")ab ]wa]’ —ng‘Db[ E(n)abz]wa'

_¢ [(5K|f E(n)ab ]w Jj_ [5K\f E(n)abz]wa

— n n 1 1 ]
2 [ ZE( mb] +¢€ E( )abl] M ¢a + R(Q)baj + 57 : T]k’}’bwak
1 ) .
= 4 [Eewy TRLE 00’ + &y T L3 j0a’] +he, (46)

where we have again dropped a total derivative. In the sixth line, we have used that
E(";“bij, E(")“bij are antisymmetric in their vector indices and we have rewritten the curl of

¥ ¥? .
the gravitino making use of the explicit expression of R(Q)q given in (B.3). Finally, we
have
1 7 n n
50 L1100’ + PuLy™ 00’ +hoc] (4.7)
~ D)L 007 + [Do&i] L5 o

1 . § |
= ey THLE 60’ + vy - Tinly) ™)

- djb Epndzabm’}’c 6jfbc - @blﬁfz,@“b@ﬂc jfbc [%Zﬁ% asz + wbzﬁ(n)abl ]5<COU>¢(JJ + h.c.
~ _eEiDb[ 715(”;3(1})”](25 ] eszb[ *1£(’ﬂ>abl]¢a

1 n Db .
= &y TRLE 00" + &y - Tl 60
=y L5 e € fi — PnL ) e € fif + 5[&#5&3% + L) 05" 6d
n n 3 1 i 1 1 cov ]
[_Z‘c( ¢asz + 61'6( ¢)asz] R(S)baj - 27@¢ajfbc + E’Yb’Y : Tjk¢ak - 529|w: ¢b] +h.c.

(n)ab,
'C azgv

antisymmetric in their vector indices. This allowed us to rewrite the curl of the S-gauge field

through the expression of R(S). given in (B.4). Note that we have also used §x L)%, =

(5K£fp"qf“bi 0. This is because n > 2, and in our case, Ef;;?“bz],[,(” “b’ are bosonic

quantities with Weyl weight 2.

ﬁ(")abz

where after dropping a total derivative, we used in the last line that we Y are

We now present in detail how the different variations appearing in (4.3)—(4.7) cancel
each other out up to order n in the supercovariant fields. The purely supercovariant
variations must cancel as

n n—1 n—1
% Z ( —1£(k ) fg’)/a’)’ T Z —1£(k)a 5(00v)¢a Z —1£(k)a
k=2 k=2 k=1
n—1 n—1
- l—i —1£(k>ab, . j 1 —lﬁ(k)abz R(Q) J
26 € w2 b ba 2 ba
k=2 k=2

— 11 —



—_

i
R
3

é (e_lﬁfbk;azj) R(8)yi — 5éi (e_lﬁfﬂabij) R(8), +h.c.
k=2 k=2

[—lD Z —1£(k)a +hC

where O(n + 1) denote variations whose number of supercovariant fields is equal to or

DN | =

L OMm+1), (4.8)

greater than n + 1. We carry on with the variations containing an explicit K-gauge field.
They have to satisfy

n n
DL g, 3L e = O ). (9
i k=2

The variations containing an explicit gravitino must satisfy

1 n - n - e n -
Lol 3 (7 E0) — Setigy, 30 (L) + A Y (L) (@
k=2 k=2 k=2
1 n—1 1 n—1
— 2 b l i bj l
— ZEWW-T” ;2 ([rffz)a jl) Yy — ZGZ’Yb’Y'Tji kZQ (Ef:z)a Jz) (0
1 n—1 1 n—1
=28 20 (£ ) 1w — @ Y (£9°05) 7 T
k=2 k=2
1._ n—1 1. ‘nfl .
do S (e Yo (e e
k=2 k=2
1 n—1 1 n—1
+ 5_2 (ﬁ(k)abz ) 6(cou) (Z)] 2 Z (eﬁiﬁasz) 5(001}) ¢j + h.c.

k=2 k=2
) n n
e [ngZ ( el ) Ud +&Dy Y < lefyer ) ¥d +he | +O0m+1).
k=2 k=2
We continue with the variations containing a bare S-gauge field
1 - R
_ §EZ55'|¢(L Z (6_1£$)ai) + Qﬁba’LéQ Z (G_I,C;,k)ai) (411)
k=2 k=2
1 — 1
5 z Z (e—lﬁfbk;abij) ’Yb(ﬁaj - 561' Z ( —1£(k)abz> ¢a
k=2 k=2
1 ‘n—l n—1
- ¢ g ( —1pab, ) vy Ty — 26‘2 (6—1£<k>abz)7 N Ty
k=2 k=2
1 ”n—l n—1 4
_ Zgj’)/b')/-T” Z < 1£(k)ab > ¢a _ *63’)/[3")/ sz (eflﬁi(/)quabzo (bal +he.
= k=2
n . .
_ szZ ( —1Mab, ) o +&Dy <€—1£1(pk(;asz) ¢d +he.| +0m+1).
k=2
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The Lagrangian (4.2) is build iteratively using the equations (4.8)—(4.11). The first step
of the iterative procedure starts at the lowest-order, i.e. at n = 2. At this point, the left-
hand side of equation (4.8) obviously only contains the first term and the expression of Eff)
is already know as it corresponds to the quadratic Lagrangian given in (3.1). This allows us
to derive E( Ja; . Subsequently, E( )a and L’ff; “bw, E(Q)al” are determined® by imposing (4.9)
and (4.10), respectively. This, in turn, allows to compute L% and L)% from (4.11).

At the (n — 1)th iteration step, we consider the cancellation of the supersymmetry
variations of order m in the supercovariant fields. We start with equation (4.8), where
every term on the left-hand side is known from previous iterations, except for Eén). At

(n)

this stage, one has to determine L~ so that the whole left-hand side cancels at order n

up to a total supercovariant derivative. The quantity on which the derivative acts upon is

then Efp")a This will then lead to E(")“ Ei:z)“bij, [,Z;)“bij, E;"g“sz and E(”)“b’ by solving
the equations (4.9), (4.10) and (4.11). It is important to mention that at every step of the
iteration, the equations (4.8)—(4.11) should be solved one after the other as each equation
requires an input obtained by solving the previous one. In this way, we build all the terms

of the Lagrangian (4.2) up to quadratic order in the fermion fields.

5 Results and discussion

In this section, we present all the supercovariant terms of the NV = 4 conformal supergravity
Lagrangian up to quadratic order in the fermion fields, obtained through the iterative
procedure presented in section 4. For the reader’s convenience, the interactions involving
explicit gauge fields are given in appendix A.

In section 4, we argued the Lagrangian takes the form (4.1). Within this scheme, the
purely supercovariant terms at all order in the fields, bosonic or fermionic, are cast within
the quantity denoted by L. Let us now split £y into

Lo=Lo+L+Lp+..., (5.1)

where Lq, Lp and Ly are respectively the quadratic Lagrangian (3.1), all the purely bosonic
supercovariant interaction terms and the supercovariant interaction terms quadratic in the
fermion fields. Here, the dots denote terms which are quartic, sextic and octic in the
fermion fields and which, therefore, are outside of the scope of this paper.

We first recall the quadratic Lagrangian

- 1 _
e Lo = 5 R(M)™ R(M)gheq + R(V)™"; R(V )
. 1 1 .
— 4T,7 D*D.T%; + e D%E + gDij’“l Dy
—2P*[D,D"P, + D*P,] —2D"P"D,P, — D"P,D"P,

+ R(Q)a R(S)™; — X7 DXF,; — S A <D2]D + PD? - m?’) A the,  (5.2)

2

which was discussed in section 3 and served as the basis for the iterative procedure.

SWe actually find that 5(2)“ vanishes. This is because E( )@, turns out to be K-invariant.
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The bosonic interaction terms at all order in the fields are
1 _ L
e Lp = §P“ P,P"P,+ P*P, P’ P,

1

. 1 »
T By BV B BV + 2 [Ey BV ?

48

— éEZ-j EY PP, — 8T Ty.;; P, P°

4 Tabij Tabkl Togij Tcdkl _ qabik Tabjl Togij Tcdkl
+ T T B RV )™

— M P4 DT Thers — DT Tup k]

1 .
~ gEiskl Smnpg T®U T B RN 4 h e (5.3)

which involve cubic and quartic terms in the fields. Quintic terms are forbidden due to the
Weyl weights of the bosons.
The interaction terms which are quadratic in the fermion fields read

_ 1 iy 1 » .
e 1£F = Zgijle”m’Y . TkllDAm - Zgijklxwm'}/ ) TklwAm

1 3 . 3 .
— §5ijle”kalnEmn - zﬁwklR(Q)i DT\ — gﬁwklR(Q)ilﬁ - Tik\y

. _ 1- , . L

+ 2D AN R(Q)ani P° + §Aj~ybA’D“R(V)ab]i + RN T - T,

—ij ~a TAkP 1 cig AEmkEln_l S cig aAkEmlp
+ XYY ij at 657,jle miin 352]le m"Y a

1 - . . 1- . 1o . 5 .
- EAimAZEjkEJ’“ + gAileEjkE’“ - EAW“AJDankE’” + G Ay DBV P

2 _ . 1- . 4 L 1- L
+ §A¢AJE”D@P” + gAZ-fy“bDaAjE”Pb + gAi%DbA’PbP“ — 6AmAlDbPan

1 L 92 _ . 4 _ L _ ) )
— 6AZ%ND,)PbPa + gAilZ)AszPb + gsabchmeAchPd — 2 D Ay N T T "
— 2 N DT T + 2 DAy N T T + 2 Ay N DT T

2 I 2
— ngklAiDaAjTabkzle + e TF A AN Dy The P + gEUkl/\ﬂabAJ’TbckzDaPC

2 . _ _ ) ) 1 _ o
— gEUleaAi'YbAmEijabkl + eijihm PN DOEIM T M+ §5ijklAm'7bAzEijaTabkl

1 _ 1 _ 9 . ,
— g&“klmnAiAkal . TmnEU + E&“klmnAkAi]}'l . TmnEZJ + gAi’yaA]EjkTakaPb

1- . 1 _ o
— gAi’yabAjTab”PCPC — EejklmAﬂwTﬂk -T'"P, + h.c.. (5.4)
They involve cubic, quartic and quintic terms in the fields. Note that there are no terms
of sextic, septic or octic order in the fields as, due to the restrictions on the Weyl weights,
these would be of higher-order in the fermion fields. Finally, (5.2), (5.3) and (5.4) are

SU(1,1) invariant and their sum is K-invariant.
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As we already mentioned in section 1, the bosonic part of the N = 4 conformal
supergravity Lagrangian has been derived in [8]. Because it was obtained in a different set
of conventions, we have converted their result in the conventions of the present paper to
facilitate the comparison with our results. In particular, this requires to covariantize the
curvatures and derivatives with respect to the conformal boosts and to switch to a different
parametrisation of the coset space. Up to a Gauss-Bonnet term, the Lagrangian in [8] is
then equivalent to

- 1 abe - abi —
€ l‘c = QR(M) bed R(M)abcd + R(V) b j R(V)abji
ij 1 | g
—4T? D*D T + 1 Zi D*EY + éDz‘jkl Dy¥
~2P°[D,D"P, + D*P,] — 2 D*P'D,P, — D*P,D"P,

4 _ _ o

+ gp‘z P,P* P, + P*P, P’ P,
1 . )

— 51 B E7F By BY

1 . _ . _
+ EEZ-J-E” PP, — 4T Ty.;; P, P°

D i 1 0
+ ﬁTabz] Tab kl TCdij Tcd kl + 6T:ab ik Tabjl Tcdij TCdkl +he.. (55)

We now compare the above expression with (5.3) and the bosonic part of (5.2).

Clearly, the quadratic Lagrangians agree as the first three lines of (5.5) coincide with
the bosonic part of (5.2). We note, however, a number of differences when comparing
interaction terms. The most obvious one is perhaps the presence of terms cubic in the
fields in our results while none appear in (5.5). Further differences concern the quartic
terms in the fields. Indeed, the last term of the second line and the last line in (5.3) are
not present in (5.5). Moreover, none of the coefficients of the remaining terms match.

When truncated to N = 2, the result of [8] is consistent with the known non-linear
Lagrangian of N = 2 conformal supergravity [3]. As it turns out, we find that our results
also yield the correct N = 2 Lagrangian upon truncation. However, one must note that for
the bosonic action, most of the fields simply disappear in the truncation process. Indeed,
there are no N = 2 descendants of the fields P, and EY. For this reason, the only
comparison at the N = 2 level that can be made of the bosonic sectors concerns the
relative coefficient between the kinetic term and the quartic interactions of the field T,,;7.
It is surprising that while both results agree at the N = 2 level, such striking differences
are present in the full N = 4 setting.

As should be clear from the iterative procedure that was used in this paper, the consis-
tency of each term in our result relies on the consistency of many other terms. Therefore,
our computation passes a multitude of crosschecks. It should also be noted that all the
terms in our result correspond to possible Feynman diagrams of the gauge theory [7] with
logarithmically divergent contributions.
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Note added. After submitting this paper to the arXiv, it was found that several terms
were missed in the last stages of the computation of [8]. The authors of [8], in particular
A. Tseytlin, were kind enough to confirm this observation. Once repaired, these omissions
precisely match with the corresponding terms in (5.3).
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A Terms with explicit fermionic gauge fields

In this section, we present all the terms at quadratic order in the fermion fields which con-
tain explicit fermionic gauge fields. Therefore, we give the expression for the supercovariant
quantities
Lg%, L&, Ly, Ly, Lyd™ iy, Log™, (A1)

which, as described in (4.2), appear in the Lagrangian coupled to bare fermionic gauge
fields. For the purpose of this paper, we can restrict ourselves to the terms in £ and L4}
which are linear in fermions. Likewise, it is enough to only consider the bosonic terms in
Ly, Lyt Ly, Lyd™ -

Let us first consider L% which is contracted with a gravitino in the Lagrangian. For
the reader’s convenience, we split this quantity into

ﬁwai = ﬁ,(j)ai + /.t;;)ai + ﬁiﬁ)ai +..., (AQ)

where EE;)%, Eiz)ai and Eiﬁ)% are quadratic, cubic and quartic in the fields, respectively. Due
to Weyl weight restrictions, the dots denote terms which are of higher-order in fermions.
The quadratic part reads

B . 1 . 1
e LY ="k DM+ 57"y - T i+ 29" R(Q)eas R(V) it 57 Yen R(Q) eai R(M )
. . 1 : 1 ;
— 27 R(S)ea? T°%; — €117y *Yoa NI D* DT + iﬁijkl"}/a]pX]kmElm + §7aAJD2Eij
1

+ [ (Dap+ D Dy+~aD?) A P+ 57@7% [DyDy P’ +D?Py) ++*IDA; Dy P*

+ 299 DPA; D (g Py + vy - R(V) x5, (A.3)
while the cubic part is

1 ) 4 ) ,
e_lﬁif)“i = _§7anjiEklElJ —WR(Q)i - TjrT* — 6 W R(Q)i - Ty T % + 44X T 1T
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— &jkim Yax? Pl ™ + ejpamy - T X5 P — 25507 Y R(Q) - T7F P,

, 1. .
+3eymR(Q) - TP + §€Jklm%xnjkEmTablm — IR X B T,

, 1 , 1 ,
= Ejktm X BN T — oty - RVYA Ejy = oy ROV A B

1 a j 1 m,_a abj
+ Z’Y - R(V)]kAkEji + 1€]kl ¥ R(Q)J T B + 2R(Q) bJPbEij
_ 19 .
+ Yeai R(M) Py + 5 R(Q)™i PPy = —&/M™ Ay D' Ty 1i T
— 6 DOA The 1, T + 3™ A, DTG The i + 2751 Ay TG DP T i,
) ) 5
= 26N A D [T Tir] = 267 ae DpAm T T + 5™ e An Dy T 0T

) ) 1 )
= 2N o A T Dy T + €M™ 1o A Dy T 6T 1 + S EijnapA Ted * R(M)™

) . 1 . 1 )
+ 2 AR D EPFTY, + 2 A B9 DT + gybaAchEjchb i+ g'yb“DcAkEJchb ji

1a 'k e 16c"a 165'(1’ 4ca"
- g'yb AREI* DTy i + 37 A PP D Tyeji + 37 A D PTyesi + 37D NPTy

2 o 10 - 10 _ 2 L
-+ g,chbAJPbTaCjZ_ =+ E’yCAJ PanTbcji — E’YCAJPbDbTaCji —+ g’chbAJPaTbcji
2 2 4, . . 20 o,
+ g%AJDbeT“ﬁ + §7°AJD”P“Tbcji + gwaJPbDCiji - ng PYDTy;
28 , . 8 - 16 , . - 4 o
+ 5 N PDy TG — 5y DN PP Topji + 9" N Dy PTG + 57" Do PTG

111 a a cdj 1 a cdj 1 cdj a
+ 7|3 b+ %y | Ay R(V) Y Py — §led "AjR(V)“Y, P, — 5 Tead; R(V) 43, P

1 : 1 . .
- gAjR(V)b’”,-Pb — gychjR(V)c“]iPd —de i N TRV,
1 } 2 4
- §€ijk17aAmTefij(V)eflm + geijm’YbAmTc[a MR(V)bled,
5 ,
+ Sy AT R(V) s A4
6 J

The quartic part takes the following form

1
—1p@a _ ~
e /Jw i =13

) 1 1 . 1 :
’yaAjEijEklEkl — é’yaAkElkEijElj + éAiEjkE]kPa + EWGbAiEjkE]ka
2 kipa _ L _ab kj 2 anim popb_ X bri 5
+ gAkEz]E I P — g’y AkEUE ij — g’yaA]EiijP — g"}/ A]Eijpapb
10 . _ 1 A 7 _ 2 _
+ EybAJEiijP“ - gsadevdAJPchEji + gfybCAiP“Pch — gy“CAinPCPb
2ac b o o b pa 1 a pb 7 aAjm kl pb pe
— g’y N, P,P°P, — gAszP P+ gAszP P’ — ggijkl')/ NTy " P°P
3 ; _ 23 . _ 5 ) _
+ §5ijkl7bAjTacmePc + Kgijkl'YbA]TaCkchPb - 65ijkl'7bAJTbcklPaPC
1 . _ . _ 1 .
— §5z‘jkl'YbA]TbcklPCPa + d N TP PP — ggijkl'ybAmeajkEmnEnl
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2 . 1 . .
+ gef“’”vbA"EmnEﬂTb“jk - §ajkzmwalEm-E”mT”“fk + 27N BT, To*

. 1 .
+ 2 €ijkl€mnpq’ycAmElnTabqucbjk + §€ijkl6mnpq’yaAnEmlqu . Tjk

23

. ‘ 4 .
3 VAN E T T + 27N Ey T, T + §€JklmAlEimTabjka

2 . . 1 .
— geijmchmEmlT“bjch — 2&IMmey N By T, PC + geijm”CAmEmlTbg’“P“

46 . 28 . 34 .
+ EAkTGbk]TbcjiPc + EAiTab]kaCjkPc + ?’YCdAkTabijbcjiPd

4 . 14 . 2 .
+ g’YCdAz‘Tab]kacjde t5 T AT Py — 37 TI* AT Py
— 2&m WA T T T, + &3 AT - T T,
+ 8 &jkimYVa N T Ty dFTedmn (A.5)

We now present the expression of £} which appears contracted with a S-gauge field
in the Lagrangian. The terms linear in fermions can only be of cubic order in the fields

1 . 19 . _ 1 L
eTIL = §%AJEU 7% + N PyT"; — 67b6AJ Py ji
1 ‘_ 2 . .
+§¢%VP%&ﬁ+géMM¢Aman%k+2é“mwAmﬂ,7ﬁ. (A.6)

We move on to £¢2“%j and sz“bij which enter the Lagrangian contracted with two
gravitini. For clarity, we split them into

£¢2abij = ﬁi;%abij + Eijgabij + ... ’ (A7)
£ = O+ 0 (A

where EEZ% “l’ij, Eij% abij and Ei;’% abij, EE;’% “bij contain terms quadratic and cubic in the bosonic
fields, respectively. The higher-order terms, denoted by the dots, are fermionic. The
expressions of the quadratic parts are

1 1
ﬁi;% abij _ §€iklm,yabEanjnkl o igijkl'y[a’}/cd’)/b}R(V)CdlmEmk o 27achDcEij _,YabDCPCEij

1 1
—2T%, D! + 57[“vef%d7b]R(V)ef k1), — Al ey R(V) ST

2
4+ 4 R(M)adeTcdij +4 6ijkl€adePcDeTedkl —4 6ijk‘lPCDchakl
— 2¢eijp D PTYR (A.9)
ﬁij%abij =—4 €ab6d5ij’ydDe [P[cpeﬂ . (A.l())

while the cubic parts read
1 2 1
£$% abij — gTabl[iEj]kEkl . gTabijEklEkl + §5ijkl5mnpqulEkaabqn +8 Tbaklz-vlj . Tz
+16 - THTje. 10, 4 8 P.PTYS; — 16 P.PITYS; + 48 B, Ty, 2T,
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1
+ 75klm(iT'j)nba7 ’ TlmEkn ) (All)

6
LHPYG = -2 Ve EF PlT; — v BF BT — 27 By PUTH — 50 By P.T™W
16
4+ = 3 1lkm cTab Pchdkm + Sszklm [bTa] Pchdjk o 462klm CP[bTCL} ldec]k

, _ 16 . .
_9 2,_:7,klm,y[apb]f]vjkjvlm - ggjklm’YcTabldeTdClm +8 2,_:jklm,}/[beva]clmf)djvcdzk
— Aejpmy PPTIN T, R 9 eyl PR T (A.12)

Finally we present the results for Ed,df‘blj and Ly al” which are coupled to a gravitino
and a S-gauge field. The only bosonic terms are clearly at most quadratic

Ly = 2€ijie g PTo (A.13)
Ly = —46";Plapl (A.14)

B Transformations of the superconformal curvatures and Bianchi iden-
tities

As mentioned in section 2, the gauge fields w#ab, ,* and ¢, are composite. They are
expressed in terms of the other fields through the set of constraints (2.2). The latter, when
combined with the superconformal Bianchi identities, lead to the following useful relations

R(D) =0, (B.1)
(M) abe
aecdR(M)cdeb _ O

=

1 abcd efghR(M)cdgh _ (M)abef ,
eI DyDyR(M) cfap =
R(K)ab = DeR(M)abec )

. 1 .. -
6“deDbR(V)Cd1j = —ZezklmAm'yw . leR(Q)abk — (h.c.; traceless),
1 .
(Q)abZ = 4 ade'VaR(S)cdl
R(Q)Zb’
R(S)gbl = wR(Q)ab s
’VabR(S)abi =0,
YER(S)HT =0,
. 1 g 4 . 1 : .
e’ DyR(S)ed’ = —37"TY - R(S); = gTab”DdR(Q)dbj - 37" R(V)-R(Q)
1 s a 7 4 1% ac 1 arij
+ 51" F - R(Q)' + 3 DTy R(Q)™ — 47 Ty TV .R(Q)"

Note however that these relations are not independent. We recall that the (anti)self-dual
part of a curvature is defined here as R;tb = %(Rab + %eabcdRCd).
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The Q-supersymmetry and S-supersymmetry transformations of the supercovariant
curvatures are

1 1. 1.
46 ’chR(S)aln Z%wVabR(Q)cdi + Zglm'chR(Q)abi +hec.,

1 1 1
5QR<Q)abz = _ER( )abcd'fdez + - 4 ’YCd’Yab + 37ab76d} |:R(V)cdlj€] - §1ch6 + lDTcdjej )

1 . _
SQR(M)abed = =7 €Vab R(S) gy —

. _ _ . 1 . .
5QR(V)aij = E21%(5')@?)]' - 2€k7[an]Xij + QEleijabkl + gTabjl [ -2 ElpAl - ElElkAk]

1 L i
+ 8€zklm & ViaY - Tk'rﬂ/ Tl]'}/b]A —§Elk5jkmnEmR(Q)abn

1 . _ 1 .
— Zslkl”ajmnpngCR(Q)abk/\z%A” + ggj'Y[an] [E™ A

1. 2 ,
+ islklmEkD[a [’y . lefyb]Am] + §€jfy[an] [PA’] — (h.c.; traceless) ,
o1 1 . ) 1 )
0oR(8)sy = —2D°R(M)*apeaga’e’ + 7 [vcdm + S%bw“’} [veeﬂDeRcdz = 511°¢ DeFeg

+ €, D DTod? + 26/ Togjp T . T — 4y DI Ty I Togiye — 27°€* DI Ty Ty

)

3 3 )
dsR(M)apea = —4771’711173(@) 4772’Y<:6111“3(62)¢11;Z +h.ec.,
1 o 1 c %l
OsR(Q)at = 5 |7 Yar + 3T d} Ted'n;
) ) ) ) . 1_.
5sR(V)ab's = 7' R(Q)avj + €™ ™ Topjiii A — 1" YabX'nj — Eflz%b [2PA; — EjpAF]
— (h.c.; traceless) ,
1 cd, i 3 cd 1 cd 7 i 1 7
5sR(S)5 = —g B(M)aveay™ 0" + 7 |7 ab + 377 |7 R(V)ed's = 510" Fea| - (B.2)

The transformations of Rq¢(K) and Rg'(7)(S) can be easily derived from (B.1). Finally,
for the purpose of section 4, we give the explicit expressions of the fermionic supercovariant
curvatures

i i i 1 ij L ikt 7
R(Q)ul/ = 2D[uwu] - 7[p¢u] - 5’7 T ]’)’[;ﬂﬁu]j + 55 ]kl¢ujwukAl (BB)

i i 1 1 cov [
R(S)/M/ = 2D[u¢y} - f /Va"vbl/] Y7 - T d)l/]_] - 75 igk QS[,ukAl"?bl/]] 529|w) QZ)M
+ [terms o< ¥?] (B.4)

ov)

where the symbol (5(C| denotes the supercovariant part of a Q-variation with the parameter

replaced by the grav1t1no.
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