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Abstract In this work, we report the recent progress in obtaining new curvature-
squared invariants in 5D, 4" = 1 gauged minimal supergravity. We exhibit the struc-
ture of various composite multiplets that are pivotal in the construction. We also
present the form of the gauged Riemann-squared and Gauss-Bonnet superinvariants
in a dilaton-Weyl multiplet. As a first application of the new curvature squared in-
variants, we compute their corrections to holographic central charges and the Eu-
clidean action of supersymmetric charged rotating black holes, exhibiting exact
matching between the gravity and CFT results.
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1 Introduction

The study of higher-derivative corrections to supergravity theories plays an impor-
tant role in probing the structure of quantum gravity and string theory. In particular,
curvature-squared terms in five-dimensional supergravity emerge as the first stringy
and quantum corrections to low-energy effective actions derived from 5D compact-
ifications of string theory. These corrections provide essential tools for exploring
quantum aspects of gravity, as well as for refining the AdSs/CFT4 correspondence
to include leading o' effects, which translate into 1 /N corrections in the dual con-
formal field theories (CFTs). Within this framework, a universal sector is described
by minimal five-dimensional .#” = 1 gauged supergravity, which is the focus of this
work.

Although two-derivative five-dimensional supergravity has been well understood
for decades [26, 21, 43], the construction of all independent curvature-squared su-
pergravity invariants in the gauged setting had long remained incomplete. Early
progress was made in the ungauged case, where supersymmetric completions of
Weyl-squared [40] and scalar curvature-squared invariants [56] were obtained using
off-shell conformal supergravity techniques — see [29, 52, 51, 50] for reviews on
the superconformal tensor calculus for constructing off-shell matter-coupled super-
gravities, and [58] for its application to higher-derivative supergravities in various
dimensions. However, the analyses in [40, 56] did not include a supersymmetric
extension of the Ricci tensor squared term and were not extended to the gauged
case, which is essential for studying supersymmetric (asymptotically) anti-de Sitter
(AdSs) backgrounds and their holographic applications.

These obstacles were recently overcome in a series of works [33, 34, 35]; see also
[13, 53, 12, 17] for earlier related developments and applications. In [33, 34, 35],
we completed the explicit construction of the three independent curvature-squared
invariants for gauged 5D .#” = 1 supergravity: the supersymmetric completions of
the square of the Weyl tensor, the Ricci scalar squared, and a third invariant — often
referred to as the “Log” multiplet — which contains the Ricci tensor squared term
as its leading bosonic contribution. This last invariant had been particularly elusive
and required the use of advanced superspace techniques [14], as well as symbolic
computer algebra methods [36] implemented using the Cadabra software [59, 60]
to fully extract its component structure.

The new constructions mentioned above not only represent progress in formal
supersymmetry, but also meet the demand for precision tests of holography be-
yond leading order. It is widely believed that in the large N expansion, subleading
corrections to observables in strongly coupled SCFTs should match the effects of
curvature-squared terms in the bulk. An efficient method for evaluating these cor-
rections is thus crucial for comparing gravity and CFT results. In the context of the
AdSs/CFT4 correspondence, it was shown in [54] that when curvature-squared su-
perinvariants are expressed in terms of the Weyl tensor, corrections to the Euclidean
action of charged rotating black holes can be obtained by directly evaluating the
four-derivative invariants on the uncorrected solutions. This simplification bypasses
the need to solve for the corrected background — a task that is notoriously diffi-
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cult. From the Euclidean action, other thermodynamic quantities such as the mass,
angular momentum, and electric charges can be extracted. Using the AdS/CFT dic-
tionary, it was shown in [54, 12, 17] that the Euclidean action of the BPS black
hole matches precisely with the superconformal index of the dual SCFT. Moreover,
the linear constraint satisfied by the CFT fugacities, as well as nonlinear constraints
among the conserved charges — including their subleading corrections — are repro-
duced from the gravity side. As a byproduct, the holographic central charges can be
directly read off from the boundary logarithmic counterterms. These results provide
strong evidence for the robustness of the AdS/CFT correspondence beyond leading
order, and emphasize the importance of a complete and consistent higher-derivative
supergravity framework.

On one hand, the present paper aims to summarize our contributions to the con-
struction, and recent applications of curvature-squared invariants in five-dimensional
minimal gauged supergravity. On the other hand, this paper complements our pre-
vious works [33, 34, 35, 54] by presenting some new results and analyses. We hope
this work serves as a useful reference for both the construction of higher-derivative
invariants in supergravity and their applications to problems in quantum gravity and
holography.

In section 2, we begin with a review of the off-shell conformal supergravity for-
malism and the role of the gauged dilaton Weyl multiplet [25] in our recent analysis.
We then outline the key ingredients for constructing the three independent gauged
curvature-squared invariants of [33], both in component form and via superspace
methods. We describe the use of the BF-type supersymmetric action principle, the
mechanism of superconformal gauge fixing, and the transition to the gauged off-
shell Poincaré theory. In addition to reviewing the results of [33], we also provide the
Lagrangians for the off-shell gauged supersymmetric Riemann and Gauss-Bonnet
combinations.

In the second part of the paper, we explore applications of these constructions to
holography. In section 3, we study the on-shell structure of the curvature-squared
corrections by applying appropriate field redefinitions, which substantially simplify
the theory and allow for the extraction of central charges in the dual SCFT. The basis
chosen for this on-shell theory differs slightly from that of [33] and earlier works
[13, 53, 12, 17], as we adopt an on-shell Weyl-squared invariant rather than the
Gauss-Bonnet combination as the representative four-derivative term surviving field
redefinitions. In section 4, we review an efficient method for computing curvature-
squared corrections to the thermodynamics of charged rotating AdSs black holes
[54]. We conclude in section 5 with a brief discussion of open problems and future
directions.

2 Curvature squared invariants

In this section we review the key results recently obtained in [33] pertaining to the
construction of gauged curvature-squared supergravity invariants in five dimensions
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based on the off-shell dilaton Weyl multiplet. For the results in components, our
notation and conventions correspond to that of [10]. We denote the spacetime indices
by i, v,---, Lorentz indices by a, b, - - -, SU(2) indices by i, j, - - -, and spinor indices
by o, B,

2.1 Standard Weyl

The standard Weyl multiplet of SD .4#” = 1 conformal supergravity [10] is com-
prised of a set of independent gauge fields: the vielbein ey, the gravitino Wuix’ the
SU(2) gauge fields VHU , and a dilatation gauge field b,. The other gauge fields as-
sociated with the remaining symmetries, including the spin connection a)u“b , the
S-supersymmetry connection ¢y, and the special conformal connection f,“, are
composite fields, i.e., they are determined in terms of the other fields by imposing
certain curvature constraints. The standard Weyl multiplet also contains a set of mat-
ter fields: a real antisymmetric tensor 7, a fermion x&, and a real scalar D. A more
detailed discussion of the superconformal transformations of the various fields can
be found, e.g., in [10, 25].

2.2 Gauged Dilaton-Weyl

Let us consider a variant multiplet of conformal supergravity, known as the gauged
dilaton Weyl multiplet [25]." This multiplet is obtained by coupling the standard
Weyl multiplet to on-shell vector and linear multiplets. The vector multiplet con-
sists of a scalar field o, the gaugino v, an abelian gauge vector Cy with field
strength Gy = 29;,C,), and an SU(2) triplet of auxiliary fields Y/ = Y(//). The
linear multiplet contains an SU(2) triplet of scalars L/ = L(/), a gauge three-form
Eyvp, ascalar N, and an SU(2) doublet ¢! . In the gauged dilaton Weyl multiplet,
the independent gauge fields remain the same as the standard Weyl, but the matter
content is replaced with {0, Cy, Buv, Lij, Euvp, N, W', @' }. The bosonic matter fields
of the vector and the standard Weyl multiplet are then expressed as follows [25]

Yl = —gc*‘L""#f.t. ,

1 — 1 — cde
T = gG 1Gah+&6 zgahcdeH d +1ft.,

! Note that the definition of a dilaton Weyl multiplet is not unique. For instance, in five dimensions
a (hyper) dilaton Weyl multiplet based on an on-shell hypermultiplet in the background of the
standard Weyl multiplet was constructed in [46], which might also be used for alternative gaugings.
In this paper we work with the gauged (vector) dilaton Weyl multiplet of [25], see also [14] for its
superspace construction.
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1 1 1
D=-06"'V'V,c+ §6*2(V"G)Va6 - —R

4 32
1 26
_EG_ZGabGab o (?Tab o 20_1Gab)Tab
2
+§G’2N+ %c*“LzH.t. : 1)

where “f.t” stands for omitted fermionic terms and Hy,. = e*e;," e’ Hyyp denotes
the three—.form ﬁc?ld gtrer}gth Hyyp =30y Byp + %C[qup] + %gE”vp. In the above,
the covariant derivative is denoted by

Vo= e (g — 0" My — by D —V,,'U;;) | )

with My, D, and U;; being the Lorentz, dilatation, and SU(2) generators, respec-
tively. The dilatation connection by, is pure gauge and will be set to zero throughout.
The mapping (1) allows us to easily convert every invariant involving a coupling to
the standard Weyl multiplet to that written in terms of the gauged dilaton Weyl mul-
tiplet. The ungauged map and the models can simply be obtained by setting g = 0
in (1). In this case, the fields of the linear multiplet decouple from the map (1), and
the multiplet reduces to the ungauged dilaton Weyl multiplet with 32 + 32 off-shell
degrees of freedom [10, 30].

2.3 Curvature-squared actions in the gauged dilaton Weyl
background

2.3.1 BF action

In the superconformal tensor calculus, the so-called BF action principle plays a
fundamental role in the construction of general supergravity-matter couplings, see
[14, 48, 30, 49, 10, 8, 9] for the 5D case. It is based on an appropriate product of a
linear multiplet with an Abelian vector multiplet:

e Lop = ALE“+pN + %LV +1t. . (3)

Here we use {p,Ay,%;,A}} to denote the field content in an arbitrary vector mul-
tiplet, and the bosonic part of the constrained vector E,, is related to the three-form
gauge field E . via E,; = —ﬁeabcdeVbECde. Furthermqm, in our construction we
consider the case in which the linear multiplet fields LY, N and E, are composite
of the vector multiplet. The BF-action thus yields a vector-coupled action in the
(gauged) dilaton Weyl background. Using the off-shell map given in [57], a vector
multiplet can be identified with fields in the gauged dilaton Weyl multiplet as

o . .
4 Zic”y‘/’w-’ - %G”L’-’, p—o,
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which gives rise to off-shell models that are purely expressed in terms of the fields
of the (gauged) dilaton Weyl multiplet. By appropriately choosing primary com-
posite linear multiplets, eq. (3) becomes the building block for constructing various
curvature-squared invariants.

Within the superconformal approach, supersymmetric completions of the Weyl
tensor squared and the Ricci scalar squared were constructed for the first time, re-
spectively in [40] and [56]. The third independent invariant necessary to obtain all
the curvature-squared models in five dimensions includes the Ricci tensor-squared
term. In the standard Weyl multiplet background, this invariant was defined in su-
perspace in [14].

2.3.2 Weyl?
As an example, we first consider the composite linear multiplet superfield that is

used to construct the off-shell Weyl tensor squared invariant. It is a composite of the
standard Weyl multiplet superfields, that is

Ly = Hijoy = —%W“W’Waﬁyf + zlwaﬁxaﬁ i _ ZIX"“Xé 7 (5)
together with its (bosonic) descendants which are defined by
i .
Nyveyt = 15 Vi* VajHienl - (62)
i .

with Vi, being the conformal superspace spinor derivative. In the above, the primary
component fields %Cyl,NWeyl,E&eyl are obtained by bar-projection, which corre-
sponds to setting 0 = 0, see [14, 34] for details.

In deriving the off-shell Weyl-squared invariant, one may start by first substitut-
ing the resulting composite multiplet (5) and (6) into (3). This yields the explicit
form of the invariant written in the standard Weyl basis. Its corresponding form in
the gauged dilaton Weyl background can be obtained by making use of the map (1)
and (4). In this paper, we will only present the bosonic sector of the off-shell Weyl-
squared invariant in the gauged dilaton Weyl background, and upon imposing the
gauge conditions

c=1, by =0, vi=0. (7

The action is given by

1 | . 2
eil"gweylz —_ geabcdeCaRbcfgRdefg + 8gabcdecavbc UVdeij + gVabtjvabl_j
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1 1 1
_ *R Rabcd *R Rab _ R2
4 abcd + 3 ab 12

1 )
+ =Ruped (Gab GLd _ 2HabHcd _ 3Hab ch)

3
4 . 16 1 4
— gRa,,H“‘ G’ + —R"H? + §RHabG’”’ — gRH2 —4(H?)?

3
16 40 8
—8H* - ?HzHchCd - ?deH“CGCd + §H2G2

2 1
SHpHgG G —
+ 3 abt1cd + 12

16 4 . 1 .
_ ?Hgb G2ah _ g wHoa G Ghd _ gHab Guh G2 + 2G2ah GC vHu

1 8 1
— 5(VaGbC)VaGbc + g(VaHbc)VaHbc _ 5G4

(G*)?

+ ggab"deHabHchf Gy —2e""Hy ((V ,H. )Gy,

2 (V1 GG — 53 (VG ) GG

_ g( _ %NHabG“b n gNGz _8NH? + gvab"/L,- JH
- % 'L G — %RN)

1 1 1
+g>( =L*H®G,, — ~L*G* +2L*H* — 8y2 +—RL?
3 3 3 6
4 1
— 38N = 2Lt )

where V" = 2¢,* ey’ IV i 2V[ak(iVb] /). Furthermore, we have used the follow-
ing notations: H* = — LK ,,, H?> = H*H,,, G* = G* G p, H?, := H, H.,
G, := G, G, G* = G*PG2,, and H* = H**H?,.

2.3.3 Log

In superspace, the composite linear superfield associated with the “Log multiplet”

is described by
. . 3i .
L., = Hl, = 1280V<’/V“>V,d logW . )

Here, the primary superfield Hl’ig is obtained by making use of the standard Weyl
multiplet and by acting with six spinor covariant derivatives on W, with W being the
superfield describing the primary field strength of a compensating vector multiplet.

In (9), we have denoted V/ = V¥(iV4) and the primary field Lfog = HI’;{)g lg—o is ob-
tained by projection to the lowest & = 0 component. The rest of the composite Log

multiplet is then obtained by further acting with up to two more spinor covariant
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derivatives on Hffog. Due to the complexity of computing up to eight supersymme-
try transformations, the explicit form of the Log multiplet, including all fermionic
terms, has been obtained only recently with the aid of the Cadabra software [59, 60].
The expression of the lowest component, (9), in its expanded form in terms of the
descendants of W and W, was obtained in [34]. It takes the form

1 i 2720 g
HLog EW » D — 5 “ ol
. 1 o1 9
+w! { —6XVD+ 5Jn“a,,c,lsablf — 50X - aX'JW“”Wab

1 in i
+ZW“bWab“(‘M)+8i(F“)“5xfoa/V —8i(r)@PAY ax,;}

1_.. 1 o1 . i L
—|—W_2{ EX’/DW + 3 (V“W)VQXU + ZFabWaba(l)‘({t) _ %la(lmlt’x)

A o V J_
“5 vl g
— %(ra)aﬁ AV Wae — 4i(Zap) P FP gAY + 45Xy ™ D

adee(Zab)aﬁWdelgvclé) _ 2iDl"”),({;

9 abcde af J i ab aiyJ
256 (I) Wh(,Wdel A +128W WA A,

_|_
ww3 ) Ixiiparg, iy, 1X"J'(V“W)V 14
8 8 4 ¢

Sabclde(zuh)aﬁ Fdeléivcflj) - i(r a)op Fahlgvhlé)
(I-'a)aﬁll AJVL Fpet 4(Fa)aBX’JlkV )‘ﬁk

+ 4 (reyesxkipy Aﬁkff(ra)“ﬁ/l (VaXD") Agy

3i

Lasizdow + ot - !

(VW)AHVa2E) = 5 (£a) (VW) A5 V" 25

3y Fabpeiy]

(Fa)“ﬁw pAL /l’VbW+ >

\o ;w-’k '-‘-IMH-IM'-‘OO\’-‘

3i

e (1) P Wac Faeho by — 32<2ub>“ﬁxffvv“%§kﬁk}

+
+W™ 4{ )LOW (V'W)V, W—%(r“)aﬁkamﬁkvaw
+3 3 rayaBp, i AGVOW + ;;F“bF A%iQd
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3i S 3 y
o € L) P By Fao A — o (Ea) P XV A g
_ixljxkllal 31Xle Aallj

16 ket 3
+ higher fermions . (10)

We have suppressed the higher-fermion terms, as they do not contribute to the
bosonic sector. Inserting the resulting composite multiplet into (3) yields the ex-
plicit form of a new “Log invariant” which was presented in [35] in the standard
Weyl basis. Then, the Log invariant in the gauged dilaton Weyl background can
be obtained by employing the map (1) and (4). In this paper, it suffices to present
its bosonic sector in the gauge (7). The gauged Log invariant in the dilaton Weyl
background, which includes a Ricci-squared term, reads

1 1 1 4
e*lgLog 6 abRab + 24R2 6RabG2b _|_ 3RHabGab gRabHaCGbc

1 1 iy 1 y
3RH2 > SadeeCaVbc ij Vdeij + gvabljvabij o 2(H2)2
16 4 2

+ 3 HapH* G e = SHHap G + SHapHea (GG = 2G*°G™)
2 4 1 . 1

+ *HZGZ _ szabGﬁb _ *HabGabGZ + GﬁbHachc _ 7<G2)2
3 3 3 48

~ L6t 19,69V Gy + 29, Hy VI
24 6 c ab allpc

4+ L gaedeysf (4H,p, — Gup) (4Heg — Geg)
48 ef ab ab cd cd

n % (RN — ANH 3G — 2NG? 4V TLij (G™ + 4H™) + 12NH>

—6V”VaN)
82 2 202 b 2 2 i j
- ﬂ(2RL ~[2(G? — 4G H,, — 24H?) + 4N +6V”L”VaL,-j)
2 5
+ 5N + Lt (11)

2.3.4 Scalar curvature squared

In order to construct the supersymmetric completion of the Ricci scalar-squared in-
variant, one may start by defining a composite vector multiplet in terms of a linear
multiplet. This composite vector multiplet is then substituted into the vector mul-
tiplet action obtained using (3). The bosonic sector of the gauged scalar curvature-
squared invariant in the gauged dilaton Weyl background, (1) and in the gauge (7),
is given by:
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e Lo =YUY;; — 2V (NL )V, (NL™")

1
_ geabcdeCaGbCGde +NL71 GabGab _ N2L72GabGab

1
+4N?L2H* G, — ZG“”(;a,, —4NL'H,, G

1 .. 1 1 5 1
2 yey [..— — 2 272 2292 A2 T pa
+g (ZL aLij 4RL H°L —|—8G L 2N 2E E,

- %V“LVQL)
—4gN3L*2+%g4L4, (12a)
where,
Gap =4V (o (L Ep) +2L7 ' Lij(Vap") = 2L Lij (Vo L*) VL
YU :%L" (4VV, L7 —2RLY — 8H2LI + G*LY)

413 (—NzLif CECE,LU —2E°IXiv, 1) — [, verkiv, ) ) . (12b)

2.4 Gauged Riemann-squared Action

In this section, we construct the gauged Riemann-squared action. It turns out that the
supersymmetric extension of the gauged Riemann-squared invariant can be achieved
by taking a linear combination of the new curvature-squared Log invariant and the
Weyl-squared invariant. By closely examining (11) and (8), it becomes evident that
the following combination

"gRisz = gweyp + szog (13)

provides an off-shell supersymmetric description of the gauged Riemann-squared
invariant. Accordingly, we can define the corresponding composite linear multiplet

H'. , for the Riemann-squared invariant as
Riem

ij _glj ij
Hyioma = Hyyyp +2H o, - (14)

The resulting bosonic sector of gauged Riemann-squared Lagrangian is given by

eil"%Riemz — g{_:albcdeCaRthngefg + Vablj Vabij

1 1
— ZRabcdRade + gRabcd (Gachd _ 2HabHcd _ 3Hachd)

16 1
— 4R, H G’ + ?R“ngb + gR“”Gﬁ,, + RH,;,G* — 2RH?
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—8(H?)? —8H* — 8H’H_ 4G — 24H* H" .G + 4H*G*
1 7
2H H GabGCd _ GZ 2_ 7G4
—8H2,G*" — 4H,H.;G*G"® — H,,G**G* + 4G*** G, H,.,
1 .8 :
-3 (V4Gpe) VG + 3 (V4Hye )V H
1
- ng.G“vaGab + 4V H,, VI Fb

i 28“deeHabHchfGef - 2£abcdeHbf (VoHS)Gye
. SabcdeHab(Vchf)Gde
—2gNG® + 12gNH? + gRN + gV VL;;G™

1 1 .
—2gV4V,N — 7l G - 3 & VILIV L
1
—3¢°N? + Zg“L“ + fermions . (15)
The above action (up to total derivative terms) can be compactly written as

_ 1
€ 1"g/pRiemz == Z (R#Vab(er) - G[JVGab) (R#vab(er) — G”vGab)

1 .
=5 V(@) GOV (04)Gay + Vi VI

1
- gS“v”MRumb(0’+)Rpcab(w+)cx

+ %guvpckaak (2Ruvab(w+) - Gquab) Gab

—2gNG* + 12gNH? 4 gRN + gV, VL;; G*

—2gV*V,N — % Gl % & VILIV L

— 3gzN2 + %g“L4 + fermions , (16)

or
e L = — % (Ruvav(®1) — GuyGap) (R“vab(abr) - Gquab)
B %Vu (01)GVH (0:)Gap + Vi 'V
1

- gsuvPclRuvah(er)Rpcab((D+)C)L

1
+ E&‘”VPG)LHpG)L (ZRHW,},((OJr) - Gquab) G

—2gNG? + 12gNH? + gRN + gV, 'L;;G*
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1
—2gVH* (@, )V (0 )N — Zngsz
1 o 1
-3 &V (@4 )LYV (04 )Li; —3g*N* + i g*L* +fermions , (17)

where we have introduced the super-covariant curvature Ry (@, ), and derivative
VH () associated with the torsionful spin connection @, as

o’ = 0, + H, (18a)

1
V(o) =V, — EH”“/’M“;, , (18b)
Ruvap(0+) = Ruvap + 2V (04)Hy) ! — 2Hy, “H, (18¢)

In the ungauged limit, it is easy to see that our action aligns with those derived from
the circle reduction of six-dimensional actions [11]. This can be seen by recognizing
that in the ungauged limit the term involving the three-form can be equivalently
expressed as:

1
EE#VWHM (2Ruvap(0+) — GuyGap) G
1
= ES”VPGAch (Ruvab(w+) - G,quab) V)L(w+)Gab

1
+ gEMVPGkCAGpG (2R,uVab(w+) - Gl»lVGab) Gab

1
+3V2(01) (67 Boo (Ruvan(01) = GuvGan) G*) . (19)

where we have used the following identities:

1 1
Via(@4)Byo) = 9 Bps) = 3Hapo +5CGpol (20a)
Vi (04)Gpo) = V3.Gpo) = IpGpe =0, (20b)
V[l(er)RpG]ab(er) =0. (20c)

Our gauged Riemann squared action is then a new result of this paper.

2.5 Gauged Gauss-Bonnet Action

In this section, we construct the supersymmetric extension of the gauged Gauss-
Bonnet (GB) action. The GB term is a specific combination of curvature-squared
terms,

1 . 1
—ZRabcdR“”‘d + R pR — ZRz’ (21)
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which is topological in four dimensions, meaning it does not contribute dynamically
to the field equations. The GB combination, known for being ghost-free, plays a fun-
damental role in higher-derivative corrections and anomaly cancellation [63, 55].
In fact, it is expected to control the leading-order o’ corrections in string theory
[64, 28]. In five dimensions, the ungauged GB invariant has been constructed off-
shell and fully classified [57, 56, 14]. However, the supersymmetric gauged GB
invariant has remained absent from the literature. Interestingly, we find that the su-
persymmetric extension of the gauged GB invariant can be formulated as a linear
combination of the new curvature-squared Log invariant and the Weyl-squared in-
variant. By closely examining (11) and (8), it becomes evident that the following
combination

fGB == gweyIZ - 4$L0g 5 (22)

provides an off-shell supersymmetric description of the gauged GB invariant. Ac-
cordingly, we can define the corresponding composite linear multiplet Hy for the
GB invariant as

Hep = Hy o — 4Hi, (23)
The resulting gauged GB Lagrangian is given by
—log/p _ 1 abced ab 1 2 1 abcde fg
€ GB — — ZRabcdR + RapR™ — ZR - §8 CuRbcngde

1 iy 1

+ E gabcdeca Vie l]Vdeij + gRahcd (Gab ch _ 2HabHcd _ 3Hab ch)
16 2
+4RapH G e+ - RH, — SR Gy, — RHyp G + 4(H?)?
, g 1

—8H* + 8H2 H" .G —2H ,H G G + A (G*)?
+4H,H,qyG*“ G + H,, G G* — 2G*** G¢ ,H.

1 8 1
— g (VaGbC)VaGbc + 5 (VaHbC)VaHbc _ §G4

+ %VCG“"V"G(,I, — 8V Hy VI*H"!

— 26y (Vo H ) Gyo — éeabme(vf Gaf)GpcGae

+g (4NHabG“b — AV L H + 4V“VaN)

+g° (LZH“bGa;, — %LZ G>+6L*H*> —2N* + %RLZ + VALV, L, j>

—4g8°NL? —g*L* . (24)
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3 On-shell Analysis and holographic central charges

In this section, we investigate the on-shell analysis of the quadratic curvature cor-
rections to 5D minimal gauged supergravity by applying proper field redefinitions,
which allows us to extract the central charges and obtain the corrected thermody-
namic quantities. Based on previous work [61, 45, 54], we find that the computa-
tion of the leading higher curvature contributions to the Euclidean action of AdS
black holes is drastically simplified once the higher curvature terms are expressed
in terms of powers of the Weyl tensor. Due to the fact that the Weyl tensor vanishes
sufficiently fast near the AdS boundary, we can avoid some of the complications
typically introduced by higher-derivative GHY terms or boundary counterterms. In
the next section, we will illustrate how to compute the leading higher curvature
contributions to thermodynamic quantities based on the redefined action.

3.1 On-shell Analysis

The conformal supergravity in a gauged dilaton Weyl multiplet basis can be obtained
by using the BF-action (3), along with the composite definitions (1). Imposing the
gauge fixing conditions (7), along with the following choice to break the SU(2)g
symmetry to U(1)g

1
Lij = —=6;L, (25)

V2

leads to the gauged off-shell Poincaré supergravity
e 'L =1L (R — %Ga;,G“” +4H,HY 42V W;)
+L7'9,L0°L — 2L~ 'E°E, — 2\/2EV, — 2L"'N?
—4gE°C, —2gLN — 4gN — %g2L3 +24°L7, (26)
where we have split V;j into its traceless part V,;ij and trace part V. Specically,
Vi =V LS, @7

From this Lagrangian, the auxiliary fields N, V. can be eliminated by their equa-
tions of motion

1 y
N=—2sL2+L),  Vi=0. (28)

We can, furthermore, dualize the two-form gauge field By, to a vector field C’“ by
adding a Lagrange multiplier term [25]. The resulting model can be further truncated
to a minimal model by setting
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L=1, C,=C,. (29)

The field equation for E,, then, leads to V, = —3gC,/ V2. After eliminating all the
auxiliary fields, we end up with the on-shell minimal gauged supergravity

e"VPO8 Gy, GpoCs (30)

1 1
-1 2 v
e Y =R+12g°— -G*"Gyy +

K &7y T3
where to get the standard kinetic term for the graviphoton, we rescaled C, —
C#/\/g. We have also rescaled g — \ﬁg.

3.1.1 Quadratic curvature corrections to SD minimal gauged supergravity

Owing to the off-shell nature of the construction, one can combine the 2- and 4-
derivative supergravity actions without modifying the supertransformations. As dis-
cussed in [33], up to the first order in 4-derivative couplings, the 4-derivative su-
pergravities can be put on-shell, by simply plugging in the gauge fixing conditions
and solutions of the auxiliary fields implied by the 2-derivative action. The resulting
on-shell action is parameterized as [33, 58]

oy [
Isp N—1 = Ton / \/—gd5x($0 + clgWeylz + 2Lz T3 L2)

1
F*YFyy +

Ly =R+1205%— —
0 4g(2)

eMVPOOR,  FpoAs ,  (31)

12v3g;

where we introduced 6y = 1/G for later convenience. We also redefined g — 1/£3,
and C;, — Ay /8o where g is a bookkeeping parameter which doesn’t affect physical

quantities. The 4-derivative action consists of three contributions ,,S,”Weylz, Licei2
and %%.. The on-shell Weyl squared action D?Weylz is
L2 = RyvpoRHYPC AR+ i L g puvpeo
Weyl2 = Ruvpo 3 RuvRTT SR 23 HvPo
4 . 2 2 61
— — Ry F*FY + —RFMVF,, — —VHF,V FYP — — (FMVE,,)?
3g(2) H A 9g% K 9g% Hp 432gé K
5 Se FRVEPOVFB® 200 35
+ g FuyFY Ry s FOM 4 22 e S o P Ry
88, 72383 364 902g?
20 eMVPOUR, Frody  EMPOCALR, P R 0y
+-—R-— o + L . (32)
365 V3058 238

The on-shell Ricci tensor squared action % S

jcci2 1
S
633

Lrioz = R — 4Ry R*Y —

Ricci

2 4
RFMY Fyy — S VHFupVyF*P + = Ry FHFY,
80 80
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- 165% (F*YFyy)? — %FHVFV’IFMFSH - fs\/zggg)g“vpcaFHVFPGVﬁFﬁa
) 16132 " 362%2&%FWF“V ) 2?’* ) egg% etP7 AFypFoa - (33)
The on-shell Ricci scalar squared action %o is
Fe =R — 6%RF“VF,W + M}%(F”"Fuv)z + zgR
+ 3;(2:;% FRYE,, — %g)s”VpGaFﬁvaaAa + 22: : (34)

3.1.2 Field redefinitions and redefined action

The original on-shell actions of curvature squared supergravity in 5D minimal
gauged supergravity are complicated. To simplify the discussion of black hole ther-
modynamics, we apply appropriate field redefinitions preserving black hole thermo-
dynamics to express the action in terms of powers of Weyl tensor. To proceed, we
first perform the field redefinitions

A3 A4
guv — g;w = 8uv +A()guv +)¥1Ruv +7ngle+ ?Fiv + ?gquz )
0 0

A
Ay = Al = Ay + AsAy + AgVP Fpy + giemﬁplF“ﬁ'FW1 , (35)
0
with the following parameters

/1{)24(114-512)662, M=—4cr, A= (—Cl+6(62—6‘3)), 7L3=2(62—C]),

O | —

1 2 4cy — 3¢y
A = — (49 6(c3—7 As =0, g = = 9 N=—
4 (49¢1 +6(c3—Tc2)), A5 =0, Ag 9(61+ c2), A7 WG

108
Consequently we find that the initial action (31) can be expressed in terms of powers
of Weyl tensor

. (36)

G —
Isp N=1.Weyl = / V=8’ x(Lry + 1 Liyeyr2) (37
1 eMVPIOF,  FyoAs
Ly =R+12072— —FHF,, + — KV PI0
20 420 T 121/35
o
g\:v 2= _2FH2vI;IiV - 8va(i/fMVFpGA6 + CuvpsCH'PC — 4C“VPUF‘2WFPG
ey 520 5302 25
8 330 8
13(FFVFuy)® 13 FoFVAR F8u+£”vaAqugyC6aﬁ7
963 244 VT TAS 233 ’
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where

o =00(1-24(c2+c3)67), §=2580(1+4(c2+c3)657),
(=Lo(1-4(ca+e3)?) (38)

Unlike the ungauged supergravity, in the gauged case, the curvature squared su-
pergravity actions also contain 2-derivative terms. It is worth mentioning that ¢,
&o and oy represent the bare physical parameters before the field redefinitions, ¢,
g and o denote the effective parameters following the field redefinitions, they en-
code contributions from the original 4-derivative supergravity action (31), such as
Lo, &0, 0o and c3, c3. Unlike the combinations of curvature squared terms chosen
in [13, 12, 17], here the Weyl tensor squared does not renormalize the bare AdS ra-
dius, which allows one to directly apply the Reall-Santos method to obtain on-shell
action of AdS black holes [45, 54].

3.2 Holographic central charges

Let us now consider the holographic central charges that can be extracted from the
renormalized action (37)

Iren = ISD,N:],Weyl + Lsurt, (39)

_ O [ vk 8Lt e
Tt = 16E/Z:gdx\/ h[2K (€+2%)+10g gzdﬁ...], (40)

where @7 = %(%ije%’ij — %%2) +c %‘ﬁijkl%jkl. The notation “...” denotes the addi-
tional logarithmic counterterm proportional to F;;F'/ [62], which does not contribute
to our case. K is the extrinsic curvature of the AdS boundary located at z = € for
€ — 0, and #Z, #;; and G;j; refer to the boundary Ricci scalar curvature, Ricci ten-
sor and Weyl tensor, respectively. The logarithmic terms induced by Einstein gravity
were well known [41]. However, we also find that the bulk Weyl tensor squared also
induces a new logarithmic counterterm proportional to c;. Notice that the new loga-
rithmic counterterm proportional to ¢ is absent when the bulk spacetime dimension
is even (see [37] for D = 4 case and [3, 2] for D = 6 case). Moreover, all the logarith-
mic terms vanish for AdS black holes with S x M3 type boundary topology for M3
being Einstein which is the case for rotating Kerr-AdS black hole. The coefficients
of the logarithmic counterterms also imply the central charges in the dual CFT [31]
3 3
azﬂc, c:ﬂc(l—#Sclé*z) . 41)
8 8

Substituting the effective parameters o, ¢ into (41), we find the a,c charges are con-
sistent with the charges presented in [33]. Note that (35) and [33] perform different
field redefinitions, the redefinition in the former preserves thermodynamic equiva-
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lence, whereas the one in the latter does not. To obtain the action in the GB basis
of 4-derivative invariants, we can perform the field redefinitions (35) with these pa-
rameters

_ 4(5¢1 +6(ca+5c3)) _ 8¢y o
A0_ 9£% all_s 72'2_ 37
4
== == =A=4=0, “2)

which transform the Weyl basis (37) to the GB basis [33].

4 Quadratic curvature corrections to charged rotating black
holes in SD minimal gauged supergravity

In this section, we review an efficient way of computing the quadratic curvature cor-
rections to thermodynamic quantities of rotating black holes in 5D minimal gauged
supergravity [54] extended by curvature squared invariants. The computation of on-
shell Euclidean action boils down to simply evaluating the uncorrected solution in
the higher derivative action [45], without being concerned about the complicated
higher derivative surface counterterms, which would be required in the ordinary ap-
proach. In particular, this approach is convenient for studying rotating AdS black
holes, because to obtain the higher derivative corrections to the Euclidean action,
one only needs to evaluate a bulk integral which has no preference on the choice
of coordinates that may affect the induced metric on the conformal boundary [32].
Using this approach, we obtain quadratic curvature corrections to charged rotating
black holes in 5D minimal gauged supergravity.

In subsection 3.1, we have transformed the curvature-squared supergravity eq.(31)
to the Weyl-squared supergravity eq. (37) which possesses equivalent thermody-
namic variables as the original theory. The approach proposed in [45, 54] suggests
that the fully corrected on-shell action can be obtained by simply evaluating the
modified action eq. (37) on the uncorrected solution, such as the general charged ro-
tating black hole solution in 2-derivative 5D minimal gauged supergravity obtained
in [23]. Regularity of the solution determines the inverse temperature to be

27ro (abg+ (1§ +a*)(r§ + %))

p= i3 [+ (@ + b2+ 213)02] — (ab+q)*

(43)
where rq is the radius of the outer horizon, a, b, g are parameters related to angular

velocities and electrostatic potential given by

_ alrg+ ) (1 +07%r5) +bg
abq+ (r3+a?)(r3 +b?)

9
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_ b(g+a)(1+07%r5) +aq
abq -+ (g +a?)(rg +b%)
_ 8V3aqrg
¢ abq+ (r3+a) (i3 +b2)

9

(44)

The on-shell Euclidean action should be viewed as a function of T, £, ; and &,
as the current choice of boundary condition specifies the grand canonical ensemble.
Then we obtain the Euclidean action for the general charged rotating AdS black
holes in 5D minimal gauged supergravity extended by all three curvature-squared
invariants eq.(37)

o ( B qzr(z) B _2) B cinf GEfzodzkr%k
45,5, X +abgq 4r§t* 2, E,X (X +abg)
(45)

Iren(Tv (Pea Qav Qb) =

where m = 2r62(2abq+q2 +X(1+7307%), X = (> +1)(V*+713), Ba=1—
a7 By =1-b"2 y= alb, Yun = (ab)™(a" 4+ b"). The effects of the super-
symmetric Ricci tensor squared and the Ricci scalar squared are encoded in the
effective AdS radius. The coefficients dy; are

1
dy = §Y6.0€4(y+ 1)°, dy=0(y+1) (Yoo —C(3y+5)Ys2)

1

=3 (y+1) [— 3y + 19> +45y+31)Y40 +2(2y +5)Y24)
+ Y50 — 43y + 9y +5)%Y4,]

ds = 0* (Yo — (8Y* +26y+23)Y22) —5(2y+ 1)Ya»

—20%[(5—y*+y)Yau+ % (31 =y(y—26)(y+2))¥40] ,

dg = 0*(3%4 — %(@2 +3y+7)Ya0) +262((4y* — 6y —23)Y25 + Yo 6)
+5(y—1)You— %(28y+ 31)Yap0 ,
dio = 116" + 2 ((3y* + 11y —7)Ya 0+ 6Yp4) + (14y —23)Y25 + Yo ,
diy = 90* +220%%y 5 + %(ZSy —7)Ya0+3Y4,
dig = 1802+ 11Yy2,dis =9 . (46)

The other thermodynamic variables are obtained from the action (45) via stan-
dard relations

G
M = G+TS+Qula+Qly, S=—=7l0.0,
9G G
0. = —E T,.2,50 Ja(b) — —mh,fby,ﬂb(d) ) CO)
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where G = Tl denotes the Gibbs free energy. We now apply the result to under-
stand the entropy of the supersymmetric charged rotating AdS black hole [39, 38]
which admits a microscopic description in terms of the index of the dual 4D, 4" =1
superconformal field theory [15, 22, 7, 42, 27, 1, 6]. To proceed, we impose the su-
persymmetry condition

qg= —(a—iro)(b—iro)(l—iroﬁ_l) . (48)

Note that the BPS limit also requires zero temperature and can be reached via
ro — \/¢(a+ b) + ab [23]. Unlike previous works [13, 12, 17], the supersymmetric
condition is now corrected by the 4-derivative terms whose effect is fully encoded in
the effective AdS radius ¢. Subsequently, one can define thermodynamic potentials

2n(b—irg)(a—1¥)

Wy = ﬁs(-Qa,s - -Qa7*) = = P
2n(a—irg)(b—¥
wb:ﬁs(gb,s_9b7*): ( ,—(.))( ) ’

6mgl(a— lr())( —irp)

V3E ’

where & =2rg({+a+b)+i(¢(a+b)+ab) —3ir} and they satisfy @, + @, — g o—
27i = 0. Here “s” means the supersymmetry condition (48) has been applied and “*”
denotes the values of these variable in the BPS limit

¢ = Bs((pe,s - (pe,*) = (49)

Q=0 Q=0 &.=V35. (50)

Imposing the supersymmetric condition (48), we find that the Euclidean action dras-
tically simplifies

o (1—1[53) cimo@(w? + w} —4n?)

= (51)
12V/383 0,0, V3gw,m,

ren,s —

It is worth approaching this result from a different perspective. We can consider the
following action

1o [ Vedx( gt a1 Bye)

> F“ F, eHVPOSF,  FpoA CuvpsFHVFPC
uv uvltipocds uvpo
Loy =1 20 +6 F +¢3CuvpaCHYP7 + ¢ Z
FMVE,
+c57( 84‘”) +g FHVFV’H%F‘WJr 2 £“VP"°‘A WO Conpy. (52)

We find that requiring the action (52) with the supersymmetric condition to depend
solely on ®, 5 uniquely determines the coefficients, so that the resulting action re-
covers the supergravity combination (37). This offers an indirect method to deduce
the supergravity combination. Although our supersymmetric action takes the same
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form as those results in [13, 12, 17], the details are different, as our @, , @ are de-
fined in (49) and depend on the effective AdS radius, while those in [12, 17] used
bare AdS radius instead. Taking the BPS limit, we find that the conserved charges
obey the linear relation 2

M, =07y — %WQR =0, (53)

where Qg := %Qe,* is the canonically normalized U (1)g-charge in the dual SCFT.
This equality leads to vanishing Gibbs free energy. In the BPS limit, the entropy
of the charged rotating black hole also reproduces the microscopic result [12, 17].
Namely, up to &(c;) it’s given by

S = n\/SQI%—Sa (Jay + ) — 16a(a—c)— Vae 1) . (5%
Ok —2a (Jax +Jps)
One can verify that these BPS charges satisfy non-linear relations
(30r+4(2a—c¢)) (3Q,23 —8c(Jas +Jps))
= Q%+ 16(3c —2a)J, .Jp . +64a(a—c) (Qr +2) e —Jo..)° . (55)

Q%e —2a(Jy +Jb,*)

5 Conclusion and Outlook

In this work, we reviewed some of our recent developments in constructing curvature-
squared invariants in five-dimensional minimal gauged supergravity. Using super-
space and superconformal tensor calculus in a framework based on the gauged
dilaton-Weyl multiplet, we outlined the construction of the supersymmetric comple-
tions of curvature-squared terms, including the notably intricate Ricci tensor squared
(Log multiplet). These advances significantly enhance our capability to study quan-
tum aspects of gravity and holography within a controlled supersymmetric setting.
An achievement of this analysis was the simplification of on-shell expressions
via field redefinitions, which allowed for clear identification of holographic central
charges and facilitated direct comparison with AdS/CFT predictions. We derived
explicit on-shell expressions and showed consistency with expected dual-field the-
ory results stressing simplifications based on using the Weyl-squared combination
as the surviving o’ correction after going on-shell. Additionally, we introduced an
efficient framework to compute higher-curvature corrections to the thermodynamics
of charged, rotating AdSs black holes, verifying known supersymmetric limits and
uncovering novel linear and nonlinear relations among conserved quantities.

2 A similar equality was obtained in [17], where it is the bare AdS radius rather than the effective
AdS radius that enters the expression.
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Several promising directions remain open for future investigation. Extending this
framework to include additional matter multiplets and theories with extended su-
persymmetry, especially in contexts motivated by string theory, would significantly
broaden its applicability. While our focus was on curvature-squared terms, gener-
alizing the construction to incorporate higher derivative invariants may reveal new
structures in quantum gravity and refine holographic precision tests. In particular,
one might wonder whether a special role is played by four-derivative terms and
their Chern-Simons couplings. It would be remarkable if, in five dimensions, higher-
order, CS-free terms, would not contribute to BPS observables, both in the flat and
AdS case. We hope to report on first promising results in this direction in the near fu-
ture [47]. Matching higher-derivative-corrected asymptotically AdSs black hole en-
tropy with subleading corrections from dual CFT microstate counts would provide a
stringent test of holographic duality and is part of a currently active field of research,
see, e.g., [13, 12, 17, 54, 19, 16] for recent works and review on this direction. Our
results and further higher derivative extension would play an important role in this
area. A powerful tool that has recently been employed in supergravity with applica-
tions to holography is equivariant localization — see [44] for a pedagogical review
and [5, 4, 20, 24] for recent results. A very interesting open question is to extend
these analyses to the case of (off-shell) supergravity with higher-derivatives correc-
tions. More in general, further development of holographic renormalization tech-
niques for higher-derivative supergravity actions, especially in nontrivial boundary
geometries or dimensions, remains an important open task — see [18] for some re-
cent analyses in that direction. Constructing and analyzing full black hole solutions,
either numerically or analytically, in the presence of higher-derivative corrections
would help test the general framework and potentially uncover new physics.

We hope that the methods and results presented here will serve as a useful ref-
erence and a springboard for further work on higher-derivative supergravities and
their applications in precision tests of holography.
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