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1 Introduction

In the last two decades, the AdS/CFT correspondence has led to a number of remarkable
results. In particular, we have a dictionary between gravitational theories in (d + 1)-
dimensional AdS spacetimes and superconformal field theories living on the d-dimensional
boundary. The gravity side is often described by an effective supergravity theory, supple-
mented by higher-derivative corrections coming from stringy o’ corrections to the effective
action.

While such corrections can be obtained directly from the underlying string theory, they
can also be parametrized more generally by working directly in the supergravity theory.
Various higher derivative superinvariants have been constructed, both in the off-shell con-
formal supergravity approach and in the Poincaré frame. The former is particularly power-
ful, although it is generally limited to theories with at most eight real supercharges. In this
manner, four-derivative corrections have been constructed in four-dimensional N = 2 [1-7],
five-dimensional N/ = 2 [8-12], and six-dimensional " = (1,0) [13-17] supergravities. As
these constructions are not yet in the Poincaré frame, an additional step is needed in inte-
grating out the auxiliary fields in order to obtain conformally gauge-fixed superinvariants.

Supersymmetric higher derivative actions have a wide range of applications from black
holes to precision holography. Higher derivative corrected black holes provide a window
into quantum gravity and can also shed light on the black hole weak gravity conjecture
and the swampland. Higher derivative corrections have also played an important role in
holographic hydrodynamics and bounds on 7)/s, the ratio of the shear viscosity to the
entropy density of the plasma.



Recently, there has been interesting work on four-derivative corrections in N' = 2,
D = 4 gauged supergravity with regards to AdS;/CFT3 holography [18-20]. In particular,
there are two off-shell four-derivative superinvariants that one can add to the action, namely
the Weyl multiplet and the Tlog multiplet

St = Sa0 + 1 Sweyl + @2 5Tiog, (1.1)

where Spy denotes the usual two-derivative action. The authors of [18, 20] showed that
on-shell these reduce to a single four-derivative superinvariant, the Gauss-Bonnet action,
as well as a term proportional to the two derivative action

I, = (1 + é(az - 041))128 + a1 lgs, (1.2)
where L is the four-dimensional AdS radius. Here I denotes the on-shell value of the
action S.

At this point, a comment on our usage of off-shell and on-shell is in order, as there are
perhaps two notions of on/off-shell in the supergravity literature: on-shell in the context of
conformal supergravity and on-shell in the context of evaluating actions. In the former, the
off-shell action includes non-dynamical auxiliary fields needed for off-shell closure of the su-
persymmetry algebra, while on-shell indicates that the auxiliary fields have been integrated
out. In the later, on-shell means the equations of motion have been used when evaluating
the action, thus yielding an on-shell value that can no longer be used for dynamics. In
the interest of clarity, we will refer to on-shell in the conformal supergravity sense as the
Poincaré frame, and reserve the use of on-shell to denote computing the on-shell value of
the action.!

The remarkable feature of the four-derivative on-shell action, (1.2), as applied to
AdS,/CFTs, is that is provides a natural split between geometrical and theory depen-
dent parameters. The former arise from the on-shell values of Iy and Igg, while the
latter correspond to ai, ag and the five-dimensional AdS radius, L. As shown in [18], the
partition function of the dual SCFT obtained from (1.2) thus takes the universal form

~log Z = nF[AN®? + BN'/2| — n(F = x)ON'/? 4 o(N'/?), (1.3)

where F and x depend on the three-dimensional manifold that the SCFT lives on while
{A, B,C} are related to {a1, a9, L}, and are specific to the SCFT in question. This mo-
tivates us to consider the analogous case for AdS5/CFTy, namely N = 2, D = 5 gauged

supergravity.
In the five-dimensional case, three independent four-derivative off-shell terms have
been constructed, corresponding to the supersymmetrization of Riypo, Riy and R? [11].2

1On-shell here should not be confused with the use of field redefinitions to transform the higher-derivative
actions. As further discussed in section 2.1, we can shift the higher derivative action by terms proportional
to the two-derivative equations of motion. However, the resulting action is still a dynamical action that is
physically equivalent to the original one in that it yields identical on-shell observables.

2The supersymmetrization of the 5D Weyl-squared action was performed in [8], and the resulting cor-
rections to black holes have been investigated in [21-26].



Following [11], we choose an equivalent basis of C,,, o C*P7 + %R2, Ryypo RMP7, and R2.
Then

Si?ﬁl) = SQ@ + alSCQ+éR2 + azs(Riem)Q + agst. (14)
After some work, we find a direct analogue of the four-dimensional result for the on-shell

value of the action:

S8ay — 24 — 205
Iih = (1 + = 20222 =

)123 + (a1 — 200) I (1.5)

where Séu];y is the supersymmetrization of the Gauss-Bonnet action in 5D and Iéuéy

is its
on-shell value. However, this is slightly more complicated than the 4D case, as the Gauss-
Bonnet action is no longer topological in 5D, and, as noted in [27], the two-derivative
solutions no longer satisfy the four-derivative equations of motion as was shown in the 4D
case [18, 20].

One important aspect of (1.5) is that, up to field redefinitions and an overall coeffi-
cient, the four-derivative action S;,5” is completely fixed. As shown in [28], five-dimensional
Einstein-Maxwell theory admits five independent four-derivative terms up to field redefi-
nitions. Here we choose a somewhat different but equally valid parametrization from that

of [28]
671,643 =c1Zag + CQCMW;UF“VF’DU + 03(F2)2 + C4F4 + 056“VPUARw,abRpgabA)\. (1.6)

The fields are normalized according to the two-derivative Lagrangian

1 1
—1 2 2 vpoA

e " Log=R+12g° — —F° — ——=e""P"F,, F,; Aj. 1.7

20 g 4 19 \/g uv L po AN ( )

Here g = 1/L is the gauge coupling constant, A, is the graviphoton field with F' = dA
its corresponding field strength, and Zgp = wapg — 4wa + R? is the usual Gauss-Bonnet
combination. Our notational convention, here and throughout this paper, is that F? =
F, F* and F 1=F w P, F'7F. For the supersymmetric four-derivative invariant, Sgg,

the above result, (1.5), fixes these coefficients up to an overall factor
c1 = —2cy =8¢y = 2V3c5,  c3=0. (1.8)

Although we refer to Sélgy as the supersymmetric Gauss-Bonnet action in 5D, it could
equivalently have arisen from integrating out the auxiliary fields of the off-shell Weyl-
squared action [8]. This was done earlier in [28, 29], which however led to a different set
of coefficients [30]

24
G = =20 = —60 = — 701 = 2V/3¢5. (1.9)

We resolve this conflict by checking the four-derivative correction to the supersymmetric
BMPV solution [31], which corresponds to the ungauged limit (L — oo) of (1.5). In
particular, we show that the BPS condition, M = @\QL only remains satisfied for the
present choice of coefficients, (1.8). We will comment further on this discrepancy below.
This note is organized as follows. In section 2, we show that the three off-shell four-
derivative superinvariants reduce to a single Poincaré frame invariant, up to field redef-
initions and factors of the two-derivative action. We then proceed in section 3 to check



our results on the BMPV black hole solution. Finally, we conclude in section 4 with addi-
tional comments on resolving the discrepancy between (1.8) and (1.9) and with some open
questions.

While this work was being completed, we became aware of [27], which overlaps with
some of our results. However, it should be noted that if we transform the results of [27]
into the field-redefinition frame (1.6), we get exactly the result (1.8).

2 Higher-derivative supergravity

Minimal D = 5 gauged supergravity has a single symplectic Majorana supercharge. The
field content is then just the N' = 2 gravity multiplet (ez,wu,Au). The two-derivative
(bosonic) Lagrangian in the Poincaré frame is given by

1

3V3

1
5'23:/[(R+12g2)*12F/\*F FAFANAL (2.1)

where R is the Ricci scalar, F' = dA is the field strength of the U(1) graviphoton, and
g = 1/L is the U(1) gauge coupling that may be identified as the inverse AdS radius. Note
that we choose to work in conventions such that 167Gy = 1, the metric has signature
(—,+,+,+,+), and Ry, = R’,,,. The two-derivative equations of motion are

1

0=EH=V,F""+ ﬁewpm\FwFM, (2.2a)
” 1

0=Ew = Ry — (F# Fo— 6g,WF2 - 4929,W> : (2.2b)

At the four-derivative level, there are three terms that can be added to the action, cor-
responding to the supersymmetrizations of (R,p0)?, (Ruw)?, and R?. However, we choose
to parametrize these as (Cpupo)? + tR%, (Ruvpo)?, and R?, as the supersymmetrizations of
these combinations have been found in [10, 11] via conformal supergravity methods. We
consider these three off-shell invariants below and perform the field redefinitions necessary
to transform them into the parametrization of (1.6).

2.1 The action corresponding to (Cpupo)? + %Rz

The supersymmetrization of the square of the Weyl tensor was originally considered in [8]
using the standard Weyl multiplet, and subsequently in [10, 11] using the dilaton Weyl

multiplet. In the latter case, the supersymmetric completion of C’fw oo Picks up an additional



%RQ term, and the Poincaré frame action takes the form [10, 11]

e Looiip = iRngR“l’”" — R, R + iRQ 128 D? + éewpaACﬂRW‘;R”ATé
- %RWMT‘“’TP" + 4Ry pe GH TP + gRTWGW - ERWGU“T‘”’
— %RWTWT” + GRT2 - %DTM,,G’“’ 20948T2D — 28v WLy VTP
+ %V“T” NI — 226TWV”VUTW + 204874 — 52? (T2)
- %TMVGWTQ - %MT o TP T, G — ﬁemeﬂ”TWvTT”
- G—;euypo,\G“”T”TVTTU’\ — 32€,,po\ G TP NI T, (2.3)

where G = dC', and we have relations

C, = \/§A (2.4a)
T = \/7 Fu, (2.4b)

26 1

32 16 -3 =T+ 2T G, = R+ @fﬂ (2.4¢)
We note that [10, 11] derived the above action in the context of asymptotically Minkowski
space; however, moving to the AdS case (or, equivalently, gauging the supergravity) does
not affect (2.3). Rather, this gauging will only affect the two-derivative action by turning
on a non-zero gauge parameter g, which does affect the field redefinitions used in the
simplifications that follow. Making use of (2.4), one can simplify (2.3) to

1 1 1 61 )
—1 2 2\2 4
e £02+%R2 - ZRMVpo'RHVpU - RHVRHV + ER + ZRMVpO'FMVFpU - @(F ) + gF
1 76 DO 1 2 ) o 2
+ mﬁuypa—)\A'uRyp R 70 + §RF — gRMVFO—,uF v — (VF)
1
+3(Vo F19)% — FYPINV 4, Vo F* ) 4+ ——=€por FM FPONV  FTA
4/6
1 /3 v O AT
— 5 §€,u,l/pa')\Fu F'OTV FT. (25)

We now perform a set of field redefinitions to put the action, (2.5), into the canonical
form (1.6). Our starting point is a Lagrangian of the form

L= 528 + a[’487 (26)

where Lop is given in (2.1) and we have introduced a parameter a to keep track of the
derivative expansion. Now consider a field redefinition

Guv — 9uv + Oé(sg/“/, A,“ — A/_L + Oé(;A/_L. (27)

3Note that our conventions are 167Gy = 1, whereas the conventions in [10, 11] are that 87Gn = 1.



Applying this to the full Lagrangian, (2.6), and allowing for integration by parts results in
7ML = e Lag + a (€7 Lag + Ewdg" + EMGA,) + O(a?), (2.8)

where the two-derivative Einstein and Maxwell equations, &, and &,, are given in (2.2).
Since we are only interested in the four-derivative effective action, we ignore all terms of
O(a?) and higher. By judicial choice of dg,, and §A,, we are then able to transform the
four-derivative Lagrangian into the form (1.6).

As seen in (2.8), field redefinitions allow us to shift the four-derivative action by terms
proportional to the two-derivative equations of motion. In practice, this means we can sub-
stitute the two-derivative equations of motion, (2.2), into the four-derivative action, (2.5)
to transform it into canonical form. It is important to note, however, that we are treat-
ing the field redefinition, (2.7), perturbatively in the derivative expansion. In particular,
while we are only considering the four-derivative terms, an infinite set of terms beyond
four derivatives will be generated by the field redefinition. Furthermore, a field redefinition
in the path integral will also transform the measure and couplings to external sources.
Nevertheless, physical (on-shell) quantities computed before and after the field redefinition
will remain unchanged at the four-derivative order.

With the above in mind, we now use integration by parts and the two-derivative
equations of motion, (2.2), to make the replacements

(VF)? = %(sz - %F“ + Ryupo FHV FP7 4 862 F2, (2.92)

(VL FH)2 —é(zﬂ)? + §F4, (2.9b)
€ppor PP FPPN F™ = \;% (F)? =25, (2.9¢)
FYP|V,,,V,|F*, — F* - é(FQ)Q - %RWPUF‘“’F”“ —4¢g°F?, (2.9d)

inside the four-derivative action. These replacement rules are proved in appendix A. Us-
ing (2.2) and (2.9), we find that (2.3) can be reduced to the simple form

_ 1 1 o1 11 1 .
e ILCQ+%R2 = ZIGB — ZRNVpO-F‘MVFp - E(F2)2 + ﬂFél + mﬁuﬂp ARIJ/VabRpUabA)\
2
+ §g2F2 +20g%, (2.10)

where Zgp is the usual Gauss-Bonnet combination

Zce = (Ruvpo)® — 4(Ruw)” + R*. (2.11)



2.2 The action corresponding to (R ps)?2
We now turn to the supersymmetrization of (Ru,0)?, which was found in [10, 11] to be

]' rva vV a
—5 (Ruvap (@+) = G Gap) (R (1) = G G*)

1
- qul/po)\ (Rp,uab (er) - GuuGab) (Rpcr ab (er) - GpaGab) C)\

eilﬁ(Riem)Q =

- 6MVPU)\chr (R;wab (W+) - G,uuGab) V/\ (w+) Gab
— V, (wi) GV* (wy) Gap, (2.12)

where H = dB + %C A G and we have
ab 1 fabed
H# = —Zefue ch, (2.13&)
wy b =wi®+ H,*, (2.13b)
where w® is the torsion-free spin connection. Making use of the standard formula
RP®(w,) = dwib + Wi A wiel, (2.14)

we may rewrite I, in a manifestly torsion-free way

1
Rt (wy) = Ry, + el e 1,V Gea

+ i(mmaaﬁ] +2GW Gpely — 26 Gl + GRef el ). (2.15)
Using (2.13), we also see that
Viu(wi)Gap = V. Gap — %eﬁefwcedGEdGcw]- (2.16)
It is now straightforward to work out that
(R (+) — Gy Gan)” = (Ryas)® — 3 REP7 G G — 2Ry GH7C
+ 5GP R~ (VG — (7,67 + 2(6?) 4 St

3
- Ze“””"AGWGmVTGTA. (2.17)

By using some integration by parts to make the gauge invariance manifest, one also finds

PN (Rupab (w4) — GvGap) (Rye ™ (wi) — GpeG™) Oy
— PR b Rpe ™ Oy + 7 GGV Gl
+2RG? — 8R" GoG,7 + 2R GGy + G
— 26"P AR by Gpe GO — 4P PPN H oG oo G C
— 4e"PAH, 0o H, G oo G Cy, (2.18)



The last three terms in this expression look slightly concerning, but they will be precisely
cancelled by those in

P2 B (Ruvab (W) — GuuGap) Vi (wy) G
= —Rupo G GP — iem,pMG“”Gp"VTG” - %G”‘ - i(Gz)2
+ %e“”’”*RwabG,}gG“bCA + PP HyayG e GO C
+ P AH e Hy 3G oo G Cy. (2.19)
Finally, we just need

1 2 1
(Vi (ws) Gap)? =(VG)? = s GOGP 3 VHGY — Z(G?) + 56 (2.20)

Using the above expressions along with (2.4), and making use of appropriate field
redefinitions, we get

1m_, 1

_ 1 1 1 A b
e 1£(Riem)2 = —§IGB + iRuupaFupra + é(F2)2 — EF — ﬁﬁlﬂfpo' R’uyabRpo-a A/\
5
— §g?F2 —60g™. (2.21)
Thus, we immediately see that
1
L(Riem? + 2Lz 172 = —gngQ —20g%, (2.22)

which vanishes in the ungauged limit. We note here also that the supersymmetrized Gauss-
Bonnet Lagrangian may be written

ﬁsél];y = E(Riem)2 + 3£C2+%R27 (223)

which we will make use of as an analogue to the 4D case [18, 20].

2.3 The action corresponding to R2

Finally, the combination of the R? Lagrangian with the usual two-derivative action has
been found in [11] (in the language of very special geometry for supergravity coupled to
vector multiplets) to be

1 2 3
e Lpiar: = JC+3R+ §(104C —8)T?+8(C—1)D + 5CUKpr;f,,FabK

1
+ BC]JKpIa“pJaupK — 24C[JKpIpJF£Tab + ZﬁadeeC[JKAéFI;{:FC{g
64 64

9 2
+ap’ (641%2 —3DR — 2RT? + 16D?* + §DT2 +5 (Tz) ) . (2.24)

where C is an auxiliary field and a; parametrizes the R? corrections. The D equation of

motion gives

1 64
C=1- 8a1p1(—3R 432D + 3T2>. (2.25)



Substituting this back in and truncating out the vector multiplets by taking p! to be
constant gives

3
e 'Lpiap: =R+ 64T2§CI g pl F K

1
— 24C[JKp]pJF£Tab + ZeadeeC[JKAéFbJ;F;g

15 70 832 1600
+ aIpI<R2 — DR+ —RT?* - 16D? — —=DT? — ——(T?)? ) (2.26)
64 3 3 9
Using the fact that
1 2
D=—_—R+-T? 2.2
32R + ol (2.27a)
64
R= §T2 — 2042, (2.27b)
we finally get that, after field redefinitions,
205
e Lpe = —ﬂg2F2 + 1004 (2.28)

2.4 The complete four-derivative action

Given the three invariants, a generic four-derivative action in minimal 5D supergravity can
be parametrized by three coefficients

Sup = Sa9 + Oz1502+%R2 + QQS(Riem)Q + a3Sge, (2.29)

where the «; are taken to be small such that the higher-derivative expansion is well-defined.
By making use (2.22), (2.23) and (2.28), this is equivalent (at the four-derivative level) up
to field redefinitions to

Sup = S20+ (a1 —2a2) Ssusy / [8()‘1 - 24042 2053

F A%F + (a1 — 20 +503)209% % 1] .

(2.30)
We would like to make the last portion of this expression manifestly proportional to Sog.
To accomplish this, we perform one additional redefinition

A (1 + ngI)A, (2.31a)
7 = (1+9%2) 9% (2.31b)

where we assume b; ~ O(a;), so that we may ignore higher-order terms that appear. This
field redefinition will then only pick up terms from the two-derivative action

— 2409 — 2
Stp = Sop + (a1 — 20)S5Y + / [(80‘1 =2 0503 _ bl>F A XF (2.32)

3b
+ (200 — 403 + 100 + 12b9)g® x 1 — —=F A F A Al .

3V3



We may then make use of the two-derivative equations of motion to rewrite this as

1 (8a1 — 24ap — 2053

3b1 12

20a1 — 40cs + 1003 + 12bo
3by

We must then choose by and by such that

sus 1
SHup = Sa9 + (041 — QQQ)SGBY + 3blg2 / { |: — b1> — 3:|F A *F

1
+R*1+< +2O)g2*1—F/\F/\A}. (2.33)

3v3

1 /8ai — 24as — 2053 ) 1 1
— by ) — o= —— 2.34
30, ( 12 AR (2:342)
2 —4 1 12
Ocn = 400z + 1000 T 1202, o _ 19 (2.34b)
3by
This is solved by
1
bl = 6(80[1 - 24042 - 205@3), (2.35&)
1
bg = 6(—210[1 + 680(2 + 3600[3), (2.35b)
which finally yields
8ay — 24 — 205«
Sup = (1 + g2t 22 3)528 + (ag — 202) S (2.36)

This is in direct analogy to the 4D case [18, 20]. By use of field redefinitions, we have
been able to rewrite the general four-derivative corrected action, (2.29), in the canonical
basis of (1.6). However, it is important to recall that this is a perturbative result valid
only to linear order in the «; coefficients. From an effective field theory point of view,
this is sufficient for most purposes, including computing the on-shell value of the action, as
physical observables are invariant under field redefinitions. However, straightforward use
of (2.36) is not valid for off-shell quantities unless the effects of the field redefinitions, (2.7)
and (2.31), are fully accounted for.

This result has a strong implication. Just as in the 4D case, at the four-derivative level,
the effective supergravity action is completely parametrized by two quantities, {S29, ScB},
related to the geometry and three independent quantities, {«;, g}, related to the particular
theory.? Unlike the 4D case, however, Sélgy is not topological, so there can be a potentially
richer structure of background geometry dependence in the AdS;/CFTy setup.

We now give the explicit form of the supersymmetrized Gauss-Bonnet action S;p”

introduced in (2.23). Following [28], we parametrize the 5D four-derivative Lagrangian as®

6_1£43 =c1Zap + CQCquUF“VFpU + 63(F2)2 + C4F4 + CSEMVpUAR,uVabRpg abA)\. (2.37)

Supersymmetry fixes this correction in terms of a single overall coefficient. Using the
definition of the five-dimensional Weyl tensor, we can make the substitution
4 1 2
Riupo F* F?7 = Chupa PP FP7 4 SF* = (F2)" - 2¢2F2, (2.38)

4While there are three o; parameters, they only enter in two independent combinations in (2.36).
®This parametrization differs from [28] in ¢1 and c2, but is chosen for easier comparison with [30].

~10 -



obtained in appendix A in the expressions (2.10) and (2.21). Taking the Gauss-Bonnet
combination, (2.23), then gives

1 1 1
Zan — 5 Cpwpo FUFP 4 SF 4 P Ry Ry ™ Ay | (2:39)

Scp = /d5x\/—g 3 W

which corresponds to
C1 = —202 = 864 = 2\/§C5, C3 = 0. (2.40)

As mentioned in the introduction, this is in conflict with some prior results [28, 30, 32].
However, support for the present result can be obtained from investigating supersymmetric
BMPYV black holes, which we turn to next.

3 An application: the BMPYV solution

As we have just seen, our main result, (2.40), disagrees with several results in the literature.
Thus, we would like to establish some evidence for the present coefficients. We note that
the distinction is subtle, as the previously obtained four-derivative action of [30] differs
only by a term proportional to (F2?)? — 2F*, which will vanish for purely electric or purely
magnetic solutions. This is because a purely electric black hole will have F},. as the only
non-vanishing component of the field strength. One then has

F2 — g'ungUF,u,I/Fpo' — 29tthT(Ft7‘)2; (31&)

2
Ft = 2(9”)2(grr)thrFrtFtrFrt = Q(Qttgrr(Ftr)z) . (3.1b)

So then we see that the combination (F2)? — 2F* vanishes. Another way to see this is to
note that this combination can be written as

Pt = Caprpopapa€ o AL FRR FES PR, = _3<(F2)2 - 2F4)7 (3.2)

where the overall minus sign arises since we are using the signature (—,+, +,+,+). This
also vanishes for purely magnetic objects, as the combination (F2)2 —2F* is only sensitive
to solutions where both electric and magnetic fields are present. So, to see the distinction,
we must either consider a dyonic solution or a charged, rotating solution. Hence we turn
to the BMPV solution [31], which is a rotating black hole in five dimensions.

The BMPYV solution is an asymptotically Minkowski solution, which corresponds to
ungauged supergravity (or, equivalently, the ¢ — 0 limit); we consider an asymptotically
flat solution here as we can avoid worrying about subtleties having to do with extra factors
of the two-derivative action, which simplifies the analysis. The BMPV solution is as follows

ds? = —f(r)~? {dt + 22 (sin? 0dg — cos?0 dw)] 2

2
+ f(r) [dr2 + 72 (sin2 6 d¢? + cos? 6 dip? + d@Z)} , (3.3a)
A=V3f(r)"! [dt + ’;i;(sin2 0 d¢ — cos? de)} , (3.3b)

- 11 -



where
I
This solution depends on two parameters,  and w, and describes a charged, spinning black

hole with ADM mass 5

two equal magnitude angular momenta in the independent planes defined by ¢, 1,

Jp = %uw, (3.6a)
Jy = —%uua (3.6b)

and electric charge

V3T

3.7
Q=" (37)
Being a supersymmetric solution, the BMPV solution satisfies the BPS equation®
V3
M= —-1Q]. (3.8)

The key point is that we expect (3.8) to hold even after four-derivative corrections are
taken into account, as the system ought to remain supersymmetric.

There is a simple argument that the four-derivative terms (2.39) do not modify the
charge of the BMPV solution.” Heuristically, the four-derivative terms look like two-
derivative terms squared, so the equations of motion should pick up terms that are more
suppressed as r becomes large.® Thus, one expects the corrections to A to be subleading
in 7. The charge is computed by integrating over an S at r — oo, so we expect to only
pick up the 1/73 terms in F. For example, one might worry about terms of the form F3,
Weyl-F, or Riem? contributing, but these must fall off faster than 1/r3 since F falls off like
1/r® and Riemann must fall off like 1/72 in an asymptotically flat background.” Hence,
the subleading corrections from the four-derivative terms should not contribute, and the
charge should not change when one introduces higher-derivative corrections. Requiring
that (3.8) hold in the four-derivative case then immediately implies that the mass must
not shift when one introduces four-derivative corrections.

The most direct way to access the mass would simply be to find the four-derivative
corrected solution and compute the ADM mass. However, this is difficult to do, so we will

SIn AdS, the BPS condition includes the angular momenta, M = *2|Q|+(|J1|+|Jz|)/L, which is another
reason why the asymptotically flat case is simpler to study.

"The charge may be modified by the factor that appears in front of the two-derivative action after going
on-shell, analagous to the four-dimensional case [18, 20], but we focus only on the four-derivative part here.

8Note this argument only works for asymptotically Minkowski space, where we expect solutions to fall
off at infinity. In AdS, we know that objects such as the Riemann tensor will go to a constant (with respect
to r) rather than disappearing.

9 Any black hole solution with a spatially localized horizon should look more-or-less pointlike very far
away (near spatial infinity), and hence the Riemann tensor should fall off no slower than for Schwarzschild,
which falls off as 1/r2.
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use a slightly more indirect approach. The on-shell action is naturally identified with the
(classical) free energy
Iyp = F. (3.9)

We have the standard thermodynamic relation
F=U-TS, (3.10)

where U is the internal energy, T is the temperature, and S is the entropy. For a black
hole, the internal energy should just be the mass M. Moreover, since the BMPV solution

is extremal, it has zero temperature, so we are left with
Iyp = M. (3.11)

Noting that the mass should not change (since we need to maintain the BPS condition,
and the charge is unchanged), we end up with

AT = Iyp — Iy = AM = 0. (3.12)

In principle, we should evaluate the action on the four-derivative solution; however,
it will give the same result as evaluating it on the two-derivative solution. The standard
argument is as follows. We write the four-derivative solution as a two-derivative piece plus
some perturbing correction (using ® schematically for all the fields)

d = Oy + add + O(a?), (3.13)
where @ is simply the BMPV solution in this case. Then the action is
Sup|[®] = S25[Po + adP] + aS49[Po + I P]
= Soo[®o] + 0252 g4 aS45[®o] + O(a?)

0P lo,
= Sup [@0] + (’)(a2), (3.14)

where we have used the fact that §S29/6®| ® vanishes by the equations of motion.

Thus, we need only evaluate the four-derivative part of the action (2.37) on the two-
derivative solution. We will do this for generic coefficients ¢;, and show that this necessarily
leads to (2.40). Note that the BMPYV solution has nice asymptotics at infinity, so we do not
need to introduce any four-derivative Gibbons-Hawking terms or boundary counterterms
to remove divergences.

The Gauss-Bonnet action can be evaluated simply to be

472 5wt + 2w — 1542
[ daezon = 2RO o), (3.15)
7]

where vol(R) is the (formally infinite) factor from doing the ¢ integration. The Weyl tensor
contracted with graviphoton field strengths gives

2 2 -1 4 2 1 2
—% Ol Hzg*’ m 50w, (3.16)

/ dox eCype F' FP7 =
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The two quartic field strength terms yield

4872 40w* — 48w? 1542
/d5a:e(F2)2: 8; O 8‘2M+ o vol(R),
7!
2472 20w? — 24w? 1542
/d5weF4 = 57T d u;u—i— a vol(R). (3.17)
7]

Finally, the mixed Chern-Simons term gives

32v/3m2 5wt — 2w2,uv

/ d°z ee™P " Rypyap Rpo ™ Ay = - 2

ol(R). (3.18)

Putting these terms together gives the requirement that

2m2vol(R
0= 7Tg’°2() [10(cx + 163 + 96c5 + 24cy + 8v/3c5)? (3.19)
1

—4(—cy + 24co + 288¢3 + T2¢4 + 8\/§C5)w2,u —15(2¢1 + ¢o — 24c¢3 — 1204)/}} .

Demanding that the ¢; coefficients be independent of the solution parameters p, w then
requires that we individually set

c1 + 16¢9 + 96¢5 + 24cq + 8V 3¢5 = 0,
—c1 + 24es + 288¢5 + T2¢4 + 8V/3¢5 = 0,
2¢1 + o — 24c3 — 12¢4 = 0. (3.20)

As we have five coefficients ¢; and only two parameters to vary, the solution is not unique.
Solving for the latter ¢; in terms of ¢; and ¢y gives

1
Cc3 = —E(Cl + 202),

1
Cy = ﬂ(’?Cl + 862),

Cy = —\1/25(01 + 662). (3.21)

Since ¢ just controls the overall coefficient of the four-derivative action, this is really a one
parameter family of solutions. However, there is no ambiguity in the literature as to ¢y or

cs5, so demanding that co = —%cl or that c5 = ﬁcl immediately gives us
1 1
cg=—=c1, c3=0, ¢4 = —c1, 5 = c1, (3.22)

2 8 2V/3
in perfect agreement with the present result, (2.40).
4 Discussion

We have shown that the three possible supersymmetric four-derivative terms that we can
add to the 5D N = 2 supergravity action reduce after field redefinitions to a single four-
derivative superinvariant as well as factors of the original two-derivative action. This, in
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turn, implied that there is a unique four-derivative piece of the action, up to an overall
factor. We checked this explicitly in the case of the BMPV black hole and found excellent
agreement.

Of particular note, we found ¢; coefficients that disagree with a number of results in the
literature [28-30, 32]. However, while we believe the particular ¢; determined previously are
incorrect, the results which they are used to derive are still generally valid as they are pre-
dominantly applied to non-rotating, non-dyonic solutions, for which the discrepancy, in the
form of (F?)? —2F*, vanishes. As noted in (3.2), this conflict with the previous result is in
the c3 and ¢4 coefficients, and corresponds to a difference in the four-derivative Lagrangians

—1 phere __ _—1 pprevious 1 QuiveVv3Va 1 o s m
e Lig =€ Ly _T86aﬂlﬂ2#3ﬂ4€ Fr FR2 BB FI, (4.1)

This suggests that the previous determination of the ¢; had an issue when translating the
conventions of [8] to that of [28, 29]. In particular, ee = +5! or ee = —b! is signature
dependent, and an incorrect sign choice may have arisen when switching conventions.

With that being said, there are still outstanding issues. A natural solution to look
at is the Gutowski-Reall solution [33], which is a one-parameter family of charged, spin-
ning, supersymmetric black holes in AdSs. Naively, one expects that the four-derivative
correction to the on-shell action should vanish;'? however, after appropriate holographic
renormalization, we seem to find that the four-derivative correction to the action does not
vanish, beyond what we expect from the renormalization of the AdS radius (see appendix B
for some technical details). There is a set of ¢; coefficients such that the four-derivative
action vanishes, but this requires we have either ¢y # —%cl or c; # ﬁcl, which seems to
be in conflict with current results in the literature. The alternative, however, is that there
is a non-zero shift in the mass of the black hole. In order to preserve the BPS relation,
this would require a renormalization of either the charge (which seems unlikely given the
arguments presented in section 3) or of the angular momentum. However, a shift to the
mass seems unlikely since it has been shown that there are no corrections when the solution
is uplifted to tree-level a/3-corrected type IIB supergravity [34].

Additional puzzles come from some asymptotically flat solutions like supersymmetric
black rings [35] and four-dimensional dyonic STU black holes lifted to five dimensions [32].
Of particular note is that the black ring reduces to the BMPYV solution in the limit that
the ring radius goes to zero. However, both of these solutions again have non-vanishing
four-derivative action. The black ring solution has no set of coefficients ¢; such that the
four-derivative action vanishes for all choices of solution parameters; however, it does in the
BMPYV limit. On the other hand, the lift of the dyonic 4D STU black hole has a unique set
of ¢; coefficients making the four-derivative action vanish with co = —%cl and ¢ = ﬁcl,
but otherwise unrelated to other coefficients in the literature.

In the future, we would like to resolve these open puzzles regarding non-vanishing
four-derivative actions of BPS solutions. Moreover, we believe it would be fruitful to
dimensionally reduce to four dimensions, which would give us N' = 2 supergravity coupled

10The stringy eight-derivative corrections to the Gutowski-Reall solution were recently explored in [34]
where the shift to the action was indeed shown to vanish in the BPS case.
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to a vector multiplet, which is a truncation of the 4D STU model; we could then compare
this with the results of [20]. We would also like to extend the results of this note to the 5D
STU model, or more generally N' = 2, D = 5 supergravity coupled to vector multiplets.
Finally, although motivated by holography and subleading corrections in supersymmetric
partition functions, we have yet to actually explore this avenue, which we believe will be a
worthwhile extension of our results.
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A Equations of motion simplifications

Here we show a number of helpful simplifications that we use throughout section 2. All these
simplifications make use of the two-derivative equations of motion, and can be considered
as perturbative field redefinitions. Some also use integration by parts, and hence are only
valid inside the action.

We start by evaluating (V, F¥#)? using the two-derivative equations of motion.

1
(V)2 = P  Fosepapys P 0

1

= —F,,F\F"PFoX

1 2
= ——(F?? 4+ Zp%. Al
3( )°+ 5 (A.1)

We quickly remark that the two-derivative equations of motion (2.2) imply that

Ry, FFF, = F* — é(F2)2 — 4g2F?, (A.2a)
R= éFQ — 20g°%. (A.2D)
Next, we evaluate
FY [V, VY, = FY(R¥ypFs, + R 5, FYs) (A.3a)
= F**(R, Fyy + Rypuyu ") (A.3D)
= R F;,F,’ + %R,,p(;uFungp (A.3c)
=F' - é(FQ)Z - %RWPUFWF”" — 4g%F?. (A.3d)

where (A.3c) follows from the first Bianchi identity for the Riemann tensor

R[,pr]a =0. (A4)
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Now, we evaluate (VF)2. We recall the field strength Bianchi identity
VL = 0.

This allows us to rewrite
Vulyy =V, Fu, +V,E,,.

Using this, we have
V. F, ,V'F"Y = (N, F,,+V ,F,,)VFE"?

= 2V, F,,V*F"°
— —2(V,V,F")F",

= —2(V,V,F')F”, — 2([V,,V,|F')F”,

— V, FHPY, FYP — 2F"P[N,, V| F*,
1 2

— —*(F2)2 _ *F4 + R#VpO_FMVFpU +892F2,

3 3

(A7)

where the arrows denote integration by parts, which is valid as long as we are applying this

formula inside an integral. The last line follows from the equations of motion and (A.1)

and (A.3d).
Now, we wish to evaluate
1
Cupor P FPON  F™ = g e AR Pe APV S s
1 5

= ﬁégfgg FM FP FogF.s
12

= —F,, F,,Flt el
/6 pvtip

= jé {(F?)2 - 2F4].
Finally, we compute
equAéFMFpﬁquVB - %EuupxaF’\‘sF%VﬁF”"
= —%Euup,\éFMF”gVBFW
= _iewpmppﬁvﬂ (F;WFM)
L (S50}

1
= _ZEWPMFWFMVBFBP

-l -]

(A.8)

(A.9a)
(A.9D)
(A.9¢)
(A.9d)
(A.9¢)

(A.9f)

where (A.9a) follows from the Bianchi identity (A.6). The last line in the computation

follows from (A.8).
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We can also evaluate some curvature squared terms using (2.2)

7 2 4
w o4 b 2 2 22 4
Ry R = F' — o (F) S0 F° + 804", (A.10)
and also ) 2 9
R? = %(ﬁ) — 59 F* +200g". (A.11)
One last useful formula for us is
4 1
Ryppo FHFP7 = (Cm,pg + ggupr — 6Rg“pg‘”’) MY fpo
4 1
= Cpype F" FP7 + gRU,,Fp”Fp“ — 6RF2
4 1 2
= C,uupoF'uprU + §F4 - Z<F2> - 292F2. (A]_Q)

B The Gutowski-Reall black hole

Here we compute the on-shell value of the parametrized four-derivative corrected ac-
tion, (1.6), for the Gutowski-Reall black hole [33]. When viewed as an asymptotically
AdSs5 x S° solution to IIB supergravity, it is known that the first correction occurs at the
eight-derivative level. The corrected action with curvature and the Ramond-Ramond five-
form was obtained in [36, 37], and it was shown in [34] that the on-shell eight-derivative
correction vanishes for the supersymmetric Gutowski-Reall solution. However, here we take
more of a bottom up view and introduce four-derivative corrections to the five-dimensional
action as may occur in theories with reduced supersymmetry.

The Gutowski-Reall black hole [33] is a solution of minimal gauged supergravity in 5D
given by

d82 — —U(T‘)A(T)_l dt2 +U(’I“)_1 dr2 + ﬁ |:<O'g)2 + (O’%)2 —|—A('r) (O’% — Q(T) dt)2] 5 (Bla)

4
- R(Q) R% GRé 3/
A_\/§K1—T2—2L2T2 dt+- =50 | (B.1b)
where
R? 2R?  r?
U(r) = < - T§> (1 + 2t L2> (B-2a)
R Rj
A(T‘) =14 L2T4 - W’ (B2b)
2¢ 3  RZ\RS 1 R3\R§
Q) = 3y M Ey (L1, Fp ) Fg B.2
(r) LA(r) l(? - L2> rd <2 * 4L2> r6 |’ (B-2¢)
O'g = sin ¢ df — cos ¢ sinHdy (B.2d)
o7 = cos¢df +sin gsinf dy (B.2e)
o3 =d¢ + cosOdi, (B.2f)
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and €2 = +1. We also have that

2 t 2et
belom), o |Trdr+ ), v (B.3)
in these coordinates. This solution corresponds to a charged spinning black hole with mass
3R3 2R}
_ 22 0
angular momenta
6em? RG 2R3
= 1 B.5
Jo="7 32 ) (B-5a)
Jy =0, (B.5b)

and charge
R2
= 8V31’ R} < 2L2> (B.6)
This is easily seen to satisfy the BPS equation

2 V3
M- 2171 = 21Ql. (B.7)

In the coordinates induced from the bulk solution, the boundary metric becomes
L? "2 "2 ,
2 _ g2 1 2 3
ddey— dt + 4 ((UL) +(UL) +(UL> ) <B8)

Hence, we see that the boundary topology is R x S3. As a result, we should not expect a
conformal anomaly, i.e., we do not need to cancel any logarithmic divergences.

The two-derivative action (2.1) is simple to compute. Using the standard Gibbons-
Hawking term [38]

S35 —2/d49€ V-hK, (B.9)

S5 _/d4 ( ) (B.10)

to cancel the divergences, we find the holographlcally renormalized two-derivative action is

and boundary counterterm

Ben = 72TL€ (32). (B.11)
Now, we must compute five pieces of the four-derivative action
Sy = /d5x eRap (B.12a)
Sy = / d°z €Cype FH FP7 (B.12b)
S3 1= /d5x6<F2)2 (B.12¢)
Sy = /dS:L‘ eF? (B.12d)
Sy = /d5g; ee“l’p”’\RwabRggA,\ (B.12e)
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The only term we expect to give rise to divergences is S;. This can be cured with an
appropriate Gibbons Hawking term [39, 40]

2 4 1
SGH — 9 / [4]zv/—h [-3}(3 + 2K K, K% — gKabeCKC“ — 4<Rab - 273%) K“b}
(B.13)
where K, is the extrinsic curvature, K = h®K,, is its trace, Rqp is the induced Ricci
tensor on the boundary, and R is the induced Ricci scalar on the boundary. We also have
boundary counterterms [41]

2 3
CT _ 4
SOT — /d :m/—h(—L2 v 2LR> (B.14)
per the usual holographic renormalization procedure. With this in hand, it is straightfor-
ward to compute

Ren — w (210L* + 40812 R3 + 128RY), (B.15a)
I = %QE)VEL(R) (~15L" + 66L2R3 + 55RY), (B.15b)
Iy = W(:&oﬁ +36L7 R} + 11RY), (B.15¢)
Iy = W (60L" + 96 L7 R + 41RY), (B.15d)
I; = W(WLQR% ~TRY). (B.15¢)

Of particular note is that

1 1 1 9r2vol(R)
I~ 4+ =S+ —=S = ————>
1 5 2+ 3 I+ 53 I 52

which is neither zero nor the two-derivative result. If one writes the four-derivative action

(52 +8R3), (B.16)

with generic coefficients
Sig = 151 + 259 + 353 + €454 + ¢555, (B.17)

then we see that I, = 0 requires that

—Tc1 + 4cyg — 96¢3 — 48¢c4 = 0, (B.lSa)
17¢1 + 22¢ + 144c3 4 96¢4 + 12v/3¢5 = 0, (B.18b)
125¢1 + 440¢ + 1056¢3 + 984¢4 — 28v/3¢5 = 0, (B.18c)

which can be solved by

 151e; + 512+/3cs

Cy — 96 (B19a)
707¢1 + 2368v/3cs
- _ B.1
C3 768 B ( 9b)
oy = o1 + 93965y (3190
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If we enforce that ¢5 = ﬁcl, we get that

407 1891 2549

— 2 — 07 = ) B.20

2T T BT T es Y T 6 (B-20)

These coefficients do not agree with any known results in the literature. Alternatively,
enforcing co = —%cl gives

615 423 103
- _ = = B.21
ST o8 T 1024 T TsnyB (B.21)

which is equally undelightful.

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References

[1] B. de Wit, J.W. van Holten and A. Van Proeyen, Transformation rules of N =2
supergravity multiplets, Nucl. Phys. B 167 (1980) 186 [INSPIRE].

[2] B. de Wit, J.W. van Holten and A. Van Proeyen, Structure of N = 2 supergravity, Nucl.
Phys. B 184 (1981) 77 [Erratum ibid. 222 (1983) 516] [INSPIRE].

[3] B. de Wit, P.G. Lauwers and A. Van Proeyen, Lagrangians of N = 2 supergravity — matter
systems, Nucl. Phys. B 255 (1985) 569 [INSPIRE].

[4] B. de Wit and A. Van Proeyen, Potentials and symmetries of general gauged N = 2
supergravity: Yang-Mills models, Nucl. Phys. B 245 (1984) 89 [INSPIRE].

[5] G. Lopes Cardoso, B. de Wit, J. Kappeli and T. Mohaupt, Stationary BPS solutions in
N = 2 supergravity with R? interactions, JHEP 12 (2000) 019 [hep-th/0009234] [INSPIRE].

[6] B. de Wit and F. Saueressig, Off-shell N = 2 tensor supermultiplets, JHEP 09 (2006) 062
[hep-th/0606148] INSPIRE].

[7] D. Butter, B. de Wit, S.M. Kuzenko and I. Lodato, New higher-derivative invariants in
N =2 supergravity and the Gauss-Bonnet term, JHEP 12 (2013) 062 [arXiv:1307.6546]
[INSPIRE].

[8] K. Hanaki, K. Ohashi and Y. Tachikawa, Supersymmetric completion of an R* term in
five-dimensional supergravity, Prog. Theor. Phys. 117 (2007) 533 [hep-th/0611329]
[INSPIRE].

[9] E.A. Bergshoeff, J. Rosseel and E. Sezgin, Off-shell D =5, N = 2 Riemann squared
supergravity, Class. Quant. Grav. 28 (2011) 225016 [arXiv:1107.2825] [INSPIRE].

[10] M. Ozkan and Y. Pang, Supersymmetric completion of Gauss-Bonnet combination in five
dimensions, JHEP 03 (2013) 158 [Erratum ibid. 07 (2013) 152] [arXiv:1301.6622]
[INSPIRE].

[11] M. Ozkan and Y. Pang, All off-shell R? invariants in five dimensional N = 2 supergravity,
JHEP 08 (2013) 042 [arXiv:1306.1540] INSPIRE].

~ 91 —


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/0550-3213(80)90125-X
https://inspirehep.net/search?p=find+J%20%22Nucl.Phys.%2CB167%2C186%22
https://doi.org/10.1016/0550-3213(81)90211-X
https://doi.org/10.1016/0550-3213(81)90211-X
https://inspirehep.net/search?p=find+J%20%22Nucl.Phys.%2CB184%2C77%22
https://doi.org/10.1016/0550-3213(85)90154-3
https://inspirehep.net/search?p=find+J%20%22Nucl.Phys.%2CB255%2C569%22
https://doi.org/10.1016/0550-3213(84)90425-5
https://inspirehep.net/search?p=find+J%20%22Nucl.Phys.%2CB245%2C89%22
https://doi.org/10.1088/1126-6708/2000/12/019
https://arxiv.org/abs/hep-th/0009234
https://inspirehep.net/search?p=find+EPRINT%2Bhep-th%2F0009234
https://doi.org/10.1088/1126-6708/2006/09/062
https://arxiv.org/abs/hep-th/0606148
https://inspirehep.net/search?p=find+EPRINT%2Bhep-th%2F0606148
https://doi.org/10.1007/JHEP12(2013)062
https://arxiv.org/abs/1307.6546
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1307.6546
https://doi.org/10.1143/PTP.117.533
https://arxiv.org/abs/hep-th/0611329
https://inspirehep.net/search?p=find+EPRINT%2Bhep-th%2F0611329
https://doi.org/10.1088/0264-9381/28/22/225016
https://arxiv.org/abs/1107.2825
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1107.2825
https://doi.org/10.1007/JHEP03(2013)158
https://arxiv.org/abs/1301.6622
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1301.6622
https://doi.org/10.1007/JHEP08(2013)042
https://arxiv.org/abs/1306.1540
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1306.1540

[12]

[15]

[16]

[17]

[18]

[19]

[24]

[25]

[26]

[27]

M. Baggio, N. Halmagyi, D.R. Mayerson, D. Robbins and B. Wecht, Higher derivative
corrections and central charges from wrapped Mb-branes, JHEP 12 (2014) 042
[arXiv:1408.2538] [INSPIRE].

E. Bergshoeff, A. Salam and E. Sezgin, A supersymmetric R? action in siz-dimensions and
torsion, Phys. Lett. B 173 (1986) 73 [INSPIRE].

E. Bergshoeff, A. Salam and E. Sezgin, Supersymmetric R? actions, conformal invariance
and Lorentz Chern-Simons term in siz-dimensions and ten-dimensions, Nucl. Phys. B 279
(1987) 659 [INSPIRE].

E. Bergshoeff and M. Rakowski, An off-shell superspace R? action in siz-dimensions, Phys.
Lett. B 191 (1987) 399 [InSPIRE].

J. Novak, M. Ozkan, Y. Pang and G. Tartaglino-Mazzucchelli, Gauss-Bonnet supergravity in
siz dimensions, Phys. Rev. Lett. 119 (2017) 111602 [arXiv:1706.09330] [INSPIRE].

D. Butter, J. Novak, M. Ozkan, Y. Pang and G. Tartaglino-Mazzucchelli, Curvature squared
invariants in siz-dimensional N = (1,0) supergravity, JHEP 04 (2019) 013
[arXiv:1808.00459] INSPIRE].

N. Bobev, A.M. Charles, K. Hristov and V. Reys, The unreasonable effectiveness of
higher-derivative supergravity in AdSy holography, Phys. Rev. Lett. 125 (2020) 131601
[arXiv:2006.09390] [INSPIRE].

N. Bobev, A.M. Charles, D. Gang, K. Hristov and V. Reys, Higher-derivative supergravity,
wrapped Mb5-branes, and theories of class R, JHEP 04 (2021) 058 [arXiv:2011.05971]
[INSPIRE].

N. Bobev, A.M. Charles, K. Hristov and V. Reys, Higher-derivative supergravity, AdSy
holography, and black holes, JHEP 08 (2021) 173 [arXiv:2106.04581] [INSPIRE].

A. Castro, J.L. Davis, P. Kraus and F. Larsen, Precision entropy of spinning black holes,
JHEP 09 (2007) 003 [arXiv:0705.1847] NSPIRE].

A. Castro, J.L. Davis, P. Kraus and F. Larsen, 5D black holes and strings with higher
derivatives, JHEP 06 (2007) 007 [hep-th/0703087] [INSPIRE].

A. Castro, J.L. Davis, P. Kraus and F. Larsen, 5D attractors with higher derivatives, JHEP
04 (2007) 091 [hep-th/0702072] [INSPIRE].

A. Castro, J.L. Davis, P. Kraus and F. Larsen, String theory effects on five-dimensional black
hole physics, Int. J. Mod. Phys. A 23 (2008) 613 [arXiv:0801.1863] [INSPIRE].

A. Castro and S. Murthy, Corrections to the statistical entropy of five dimensional black
holes, JHEP 06 (2009) 024 [arXiv:0807.0237] INSPIRE].

M. Alishahiha, On R? corrections for 5D black holes, JHEP 08 (2007) 094
[hep-th/0703099] [INSPIRE].

N. Bobev, K. Hristov and V. Reys, AdSs holography and higher-derivative supergravity,
JHEP 04 (2022) 088 [arXiv:2112.06961] [INSPIRE].

R.C. Myers, M.F. Paulos and A. Sinha, Holographic hydrodynamics with a chemical
potential, JHEP 06 (2009) 006 [arXiv:0903.2834] [INSPIRE].

S. Cremonini, K. Hanaki, J.T. Liu and P. Szepietowski, Black holes in five-dimensional
gauged supergravity with higher derivatives, JHEP 12 (2009) 045 [arXiv:0812.3572]
[INSPIRE].

- 29 —


https://doi.org/10.1007/JHEP12(2014)042
https://arxiv.org/abs/1408.2538
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1408.2538
https://doi.org/10.1016/0370-2693(86)91233-5
https://inspirehep.net/search?p=find+J%20%22Phys.Lett.%2CB173%2C73%22
https://doi.org/10.1016/0550-3213(87)90015-0
https://doi.org/10.1016/0550-3213(87)90015-0
https://inspirehep.net/search?p=find+J%20%22Nucl.Phys.%2CB279%2C659%22
https://doi.org/10.1016/0370-2693(87)90629-0
https://doi.org/10.1016/0370-2693(87)90629-0
https://inspirehep.net/search?p=find+J%20%22Phys.Lett.%2CB191%2C399%22
https://doi.org/10.1103/PhysRevLett.119.111602
https://arxiv.org/abs/1706.09330
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1706.09330
https://doi.org/10.1007/JHEP04(2019)013
https://arxiv.org/abs/1808.00459
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A1808.00459
https://doi.org/10.1103/PhysRevLett.125.131601
https://arxiv.org/abs/2006.09390
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A2006.09390
https://doi.org/10.1007/JHEP04(2021)058
https://arxiv.org/abs/2011.05971
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A2011.05971
https://doi.org/10.1007/JHEP08(2021)173
https://arxiv.org/abs/2106.04581
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A2106.04581
https://doi.org/10.1088/1126-6708/2007/09/003
https://arxiv.org/abs/0705.1847
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A0705.1847
https://doi.org/10.1088/1126-6708/2007/06/007
https://arxiv.org/abs/hep-th/0703087
https://inspirehep.net/search?p=find+EPRINT%2Bhep-th%2F0703087
https://doi.org/10.1088/1126-6708/2007/04/091
https://doi.org/10.1088/1126-6708/2007/04/091
https://arxiv.org/abs/hep-th/0702072
https://inspirehep.net/search?p=find+EPRINT%2Bhep-th%2F0702072
https://doi.org/10.1142/S0217751X08039724
https://arxiv.org/abs/0801.1863
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A0801.1863
https://doi.org/10.1088/1126-6708/2009/06/024
https://arxiv.org/abs/0807.0237
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A0807.0237
https://doi.org/10.1088/1126-6708/2007/08/094
https://arxiv.org/abs/hep-th/0703099
https://inspirehep.net/search?p=find+EPRINT%2Bhep-th%2F0703099
https://doi.org/10.1007/JHEP04(2022)088
https://arxiv.org/abs/2112.06961
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A2112.06961
https://doi.org/10.1088/1126-6708/2009/06/006
https://arxiv.org/abs/0903.2834
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A0903.2834
https://doi.org/10.1088/1126-6708/2009/12/045
https://arxiv.org/abs/0812.3572
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A0812.3572

[30] S. Cremonini, C.R.T. Jones, J.T. Liu, B. McPeak and Y. Tang, NUT charge weak gravity
conjecture from dimensional reduction, Phys. Rev. D 103 (2021) 106011 [arXiv:2011.06083]
[INSPIRE].

[31] J.C. Breckenridge, R.C. Myers, A.W. Peet and C. Vafa, D-branes and spinning black holes,
Phys. Lett. B 391 (1997) 93 [hep-th/9602065] INSPIRE].

[32] S. Cremonini, C.R.T. Jones, J.T. Liu, B. McPeak and Y. Tang, Repulsive black holes and
higher-derivatives, JHEP 03 (2022) 013 [arXiv:2110.10178] [InSPIRE].

[33] J.B. Gutowski and H.S. Reall, Supersymmetric AdSs black holes, JHEP 02 (2004) 006
[hep-th/0401042] [iNSPIRE].

[34] J.F. Melo and J.E. Santos, Stringy corrections to the entropy of electrically charged
supersymmetric black holes with AdSs x S° asymptotics, Phys. Rev. D 103 (2021) 066008
[arXiv:2007.06582] [INSPIRE].

[35] H. Elvang, R. Emparan, D. Mateos and H.S. Reall, A supersymmetric black ring, Phys. Rev.
Lett. 93 (2004) 211302 [hep-th/0407065] [INSPIRE].

[36] D.J. Gross and E. Witten, Superstring modifications of Einstein’s equations, Nucl. Phys. B
277 (1986) 1 [INSPIRE].

[37] M.F. Paulos, Higher derivative terms including the Ramond-Ramond five-form, JHEP 10
(2008) 047 [arXiv:0804.0763] [INSPIRE].

[38] G.W. Gibbons and S.W. Hawking, Action integrals and partition functions in quantum
gravity, Phys. Rev. D 15 (1977) 2752 [nSPIRE].

[39] C. Teitelboim and J. Zanelli, Dimensionally continued topological gravitation theory in
Hamiltonian form, Class. Quant. Grav. 4 (1987) L125 [INSPIRE].

[40] R.C. Myers, Higher derivative gravity, surface terms and string theory, Phys. Rev. D 36
(1987) 392 [INSPIRE].

[41] S. Cremonini, J.T. Liu and P. Szepietowski, Higher derivative corrections to R-charged black
holes: boundary counterterms and the mass-charge relation, JHEP 03 (2010) 042
[arXiv:0910.5159] [INSPIRE].

~ 93 -


https://doi.org/10.1103/PhysRevD.103.106011
https://arxiv.org/abs/2011.06083
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A2011.06083
https://doi.org/10.1016/S0370-2693(96)01460-8
https://arxiv.org/abs/hep-th/9602065
https://inspirehep.net/search?p=find+EPRINT%2Bhep-th%2F9602065
https://doi.org/10.1007/JHEP03(2022)013
https://arxiv.org/abs/2110.10178
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A2110.10178
https://doi.org/10.1088/1126-6708/2004/02/006
https://arxiv.org/abs/hep-th/0401042
https://inspirehep.net/search?p=find+EPRINT%2Bhep-th%2F0401042
https://doi.org/10.1103/PhysRevD.103.066008
https://arxiv.org/abs/2007.06582
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A2007.06582
https://doi.org/10.1103/PhysRevLett.93.211302
https://doi.org/10.1103/PhysRevLett.93.211302
https://arxiv.org/abs/hep-th/0407065
https://inspirehep.net/search?p=find+EPRINT%2Bhep-th%2F0407065
https://doi.org/10.1016/0550-3213(86)90429-3
https://doi.org/10.1016/0550-3213(86)90429-3
https://inspirehep.net/search?p=find+J%20%22Nucl.Phys.%2CB277%2C1%22
https://doi.org/10.1088/1126-6708/2008/10/047
https://doi.org/10.1088/1126-6708/2008/10/047
https://arxiv.org/abs/0804.0763
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A0804.0763
https://doi.org/10.1103/PhysRevD.15.2752
https://inspirehep.net/search?p=find+J%20%22Phys.Rev.%2CD15%2C2752%22
https://doi.org/10.1088/0264-9381/4/4/010
https://inspirehep.net/search?p=find+J%20%22Class.Quant.Grav.%2C4%2CL125%22
https://doi.org/10.1103/PhysRevD.36.392
https://doi.org/10.1103/PhysRevD.36.392
https://inspirehep.net/search?p=find+J%20%22Phys.Rev.%2CD36%2C392%22
https://doi.org/10.1007/JHEP03(2010)042
https://arxiv.org/abs/0910.5159
https://inspirehep.net/search?p=find+EPRINT%2BarXiv%3A0910.5159

	Introduction
	Higher-derivative supergravity
	The action corresponding to (C(mu nu rho sigma))**2+frac16R**2
	The action corresponding to (R(mu nu rho sigma))**2
	The action corresponding to R**2
	The complete four-derivative action

	An application: the BMPV solution
	Discussion
	Equations of motion simplifications
	The Gutowski-Reall black hole

