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Introduction

Higher curvature terms encode information about new physics.

In weakly coupled string theory Λnew ≪ Mp

Sg = M2
p

∫
dxD

[
R+

1
Λ2

new
R2 +

1
Λ3

new
R3 + · · ·

]
= M2

p

∫
dxD

[
R+

a2

M2
p

R2 +
a3

M3
p

R3 + · · ·

]
, a2, a3 ∝ (

Mp

Λnew
)n ≫ 1

In AdS/CFT Correspondence,

R ∼ 1/L2
AdS, M2

p L2 ∼ Nα , ai ∼ fi(λ )≫ 1
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Introduction

Right time to carry out precision tests in holography and resolve
certain discrepancy in literature.
Non-perturbative approaches to compute certain BPS
observables in SCFTs beyond the large N limit.
In the past, O(N0) contributions in the gravity side were computed
by summing over KK spectrum.
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Introduction

Curvature squared invariants in 5D, N = 2 supergravity, with eight
supercharges.

M-theory on Calabi-Yau/ IIB on or S5/Zn.

The R-symmetry anomaly in the dual CFT is captured by
A∧F ∧F . The gauge-gravitational mixed anomaly is captured by
A∧R∧R whose supersymmetrization leads to curvature squared
terms.

Supersymmetric counter terms in computing the five-sphere
partition functions. The fact that supersymmetric completion of CS
terms breaks conformal symmetry signals a new anomaly [Chang,
Fluder, Lin, Wang, 17’].
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Methods

Challenge
Noether procedure is too complicated.
Dimensional reduction does not work: In IIB or M-theory, the
leading higher derivative corrections are R4 whose
supersymmetric completion are not known.

Tools
When D ≤ 6, # of Qs ≤ 8, off-shell supersymmetry is available.
There exist powerful tools such as superconformal tensor
calculus, conformal superspace· · · .

Advantages
One can add up arbitrarily many off-shell invariant actions without
modifying the supersymmetry transformation rules.
Gauging the R-symmetry becomes relatively easy.
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Superconformal formalism

N = 2, D = 5 superconformal algebra is F 2(4)
[Bergshoeff et al.hep/th0104113]

Generators and Gauge fields

Translation Pa e a
µ

Rotation Mab ω ab
µ

Dilatation bµ D
Conformal boosts Ka f µ

a

SU(2) R-symmetry Λij V ij
µ

Local-susy Qi ψ i
µ

Special-local-susy Si φ i
µ

i , j = 1,2 label the indices of fundamental irreps of SU(2)

χ i
α = ε ijεαβ χ̄β , symplectic Majorana ⇒ 8 independent real

components
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Weyl multiplets

Impose constraints and add matter contents so that at the off-shell
level

# of bosons =# of fermions

Standard Weyl multiplet

eµ
a(10) bµ(−1) ψ

i
µ(24) Vµ

ij(12) Tµν(10) D(1) χ
i(8)

Dilaton Weyl multiplet

eµ
a bµ ψ

i
µ Vµ

ij Bµν(6) Cµ(4) σ(1) ψ
i(8)

Tµν , D, χ i turn into composite fields and enter the susy
transformations.
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Weyl multiplets

Tµν =
1
8

σ
−1Gµν +

1
48

σ
−2

εµνρσλ Hρσλ + . . .

D = − 1
32

R+
1
8

σ
−2

∂µσ∂
µ

σ − 1
16

σ
−2GµνGµν + . . .

χ
i =

1
8

iσ−1 /Dψ
i +

1
16

iσ−2 /Dσψ
i − 1

32
σ
−2

γ ·Gψ
i + · · ·

where Gµν = 2∂[µCν]

Hµνρ = 3∂[µBνρ]+
3
2C[µGνρ]
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Off-shell Matter multiplets

Vector multiplet
Field Weyl weight
Aµ 0
ρ 1

Y ij 2
λ i 3

2
Linear multiplet

Field Weyl weight
Lij 3
ϕ i 7

2
Ea 4
N 4

The closure of susy algebra requires that

DaEa = 0 ⇒ Ea =− 1
12

eµ
ae−1

ε
µνρσλ DνEρσλ
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Steps

Construct an action invariant under local superconformal
symmetry with certain compensating matter multiplets.

Fix the redundant local symmetry
⇒ Ordinary Poincaré supergravity.

Eliminate auxiliary fields and obtain on-shell supergravity models.
(The same on-shell supergravity admits different off-shell
formulations.)
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A 2-derivative example

(un)gauged minimal supergravity in D = 5
conformal scalar action

L =−1
2
√

gφ□c
φ =−1

2
√

gφ□φ +
1
12

√
gRφ

2

Using dilatation symmetry

φ → eω
φ , gµν ⇒ e2ωgµν

one fixes the dilatation symmetry by choosing

φ =
√

6/κ ⇒ L =
1

2κ2
√

gR
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A 2-derivative example

Coupling Dilaton Weyl multiplet

(eµ
a bµ ψ

i
µ Vµ

ij Bµν Cµ σ ψ
i)

to a linear multiplet

(Lij ϕ
i Eµνρ N)

leads to the superconformal invariant action

e−1LL = L−1Lij□
cLij −LijDµLk(iD

µLj)mLkmL−3 −N2L−1

−EµEµL−1 + 8
3LT 2 +4DL− 1

2L−3EµνLl
k ∂µLkp

∂νLpl

+2Eµν
∂µ(L−1Eν +V ij

ν LijL−1)+ fermions

The Einstein Hilbert term comes from

Lij□
cLij = Lij□Lij − 3

8L2R+ · · ·
D =− 1

32R+ · · ·
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We choose the gauge

Lij =
1√
2

δijL, breaks SU(2) to U(1), V ij
µ = V

′ij
µ + 1

2δ ijVµ

σ = 1, fixes dilatation
ψ i = 0, fixes special supersymmetry transformations
bµ = 0, fixes conformal boosts

To maintain the gauge, the needed compensating transformations are

λ
ij =− 1√

2L

(
Sk(i

δ
j)l

εkl

)
, Sij = ε̄

(i
ϕ

j)− 1
2

δ
ij
ε̄

k
ϕ

l
δkl ,

η
i =

(
− γ ·T + 1

4γ · Ĝ
)

ε
i , ΛK µ =−1

4 iε̄φµ − 1
4 iη̄ψµ + ε̄γµ χ

where Ĝ is the supercovariant field strength of Cµ .

e−1LLR = 1
2LR+ 1

2L−1
∂µL∂

µL− 1
4LGµνGµν − 1

6LHµνρHµνρ −L−1N2

+1
6L−1

∂[µEνρσ ]∂
µEνρσ + 1

6
√

2
ε

µνρσλ Vµ∂νEρσλ +LV
′ij
µ V

′µ
ij

+fermions
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Dualizing the two form to a one form

Bµν → C̃µ

results in a Lagrangian which is an off-shell formulation of the
ungauged D = 5,N = 2 Einstein-Maxwell supergravity. Eliminate the
auxiliary fields

N = 0, V
′ij
µ = 0, Vµ = 0, Eµνρ = 0

and perform consistent truncation by setting

L = 1, C̃µ = Cµ

we obtain the ungauged minimal supergravity in 5D

e−1L min
EM =

1
2

R− 3
8

GµνGµν +
1
8

ε
µνρσλ CµGνρGσλ .

Since Vµ = 0, U(1) R-symmetry is ungauged on-shell.
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In order to obtain the gauged supergravity, one needs to couple the
supergravity multiplet with an Abelian vector multiplet

(Aµ ,ρ,Y ij ,λ i)

via adding the vector-linear action

LgEM = LL +gLVL

where g is the U(1) coupling

e−1LVL = Y ijLij + i λ̄ϕ − 1
2 ψ̄

i
µγ

µ
λ

jLij − 1
12ε

µνρσλ Aµ∂νEρσλ

+ρ(N + 1
2 ψ̄µγ

µ
ϕ + 1

4 iψ̄ i
µγ

µν
ψ

j
νLij) .
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Gauging also deforms the composite map. This fact was omitted by [J.
Liu, Saskowski, 22’]

Tab = 1
8σ

−1Gab +
1

48σ
−2

εabcdeHcde + f.t. ,

D = 1
4σ

−1
∇

a
∇aσ + 1

8σ
−2(∇a

σ)∇aσ − 1
32R

− 1
16σ

−2GabGab − (26
3 T ab −2σ

−1Gab)Tab

+g
4 σ

−2N + g2

16σ
−4L2 + f.t. ,

χ
i = 1

8 iσ−1 /Dψ
i + 1

16 iσ−2 /Dσψ
i − 1

32
σ
−2

γ ·Gψ
i

+1
8gσ

−2
ϕ

i + · · ·

in which
Hµνρ = 3∂[µBνρ]+

3
2

C[µGνρ]+
1
2

gEµνρ
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Imposing the same gauge fixing as before

e−1L = L(R− 1
2GµνGµν − 1

3HµνρHµνρ +2V
′ij
µ V

′µ
ij )

+L−1
∂µL∂

µL+ 1
3L−1

∂[µEνρσ ]∂
µEνρσ −2

√
2EµV µ

−2N2L−1 −4gCµEµ −2gNL−4gN − 1
2g2L3 +2g2L2 .

Dualizing the two form into a one form

Bµν → C̃µ

Eliminate the auxiliary fields

N =−1
2gL(L+2), V

′ij
µ = 0, Vµ =− 3√

2
Cµ , Eµνρ = 0 ,

and perform consistent truncation by setting

L = 1, C̃µ = Cµ ,

After Cµ → 1√
3
Cµ , g →

√
2g, we get

e−1LEM = R+12g2 − 1
4GµνGµν + 1

12
√

3
ε

µνρσλ CµGνρGσλ .
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Supersymmetric Weyl tensor squared

Composite linear multiplet from vector and dilaton Weyl multiplet
[Ozkan, Pang 13’]

Lij = 1
4 i ¯̂R(i

ab(Q)R̂ j)ab(Q)+ 256
3 iχ̄(i

χ
j)+ 16

3 R̂ab
ij(V )T ab

ϕ
i = −1

8γcd R̂ i
ab(Q)R̂abcd(M)−4iγcR̂ i

ab(Q)DaT bc + 128
3 χ

iD

+8iγcD
cR̂ i

ab(Q)T ab +8iγaD
cR̂ i

bc(Q)T ab − 64
3 iγab

γ
cDaTbc χ

i

+1024
9 T 2

χ
i + 128

3 iγaDbχ
iT ab + 16

3 γabR̂ i
cd(Q)T abT cd

+1
2 R̂ab i

j(V )R̂ j
ab(Q)− 8

3 R̂ab i
j(V )γabχ

j ,

Ea = 1
16εabcdeCbcfgCde

fg − 1
12εabcdeV bc

ijV de ij

+Db
(

4CabcdT cd − 64
3 D Tab − 128

9 TabT 2 − 512
3 TacT cdTbd

)
−32εabcdeDb

(
2
3T cf Df T de +T c

f D
dT ef

)
,

N = 1
8CabcdCabcd +

64
3 D2 + 1024

9 T 2D− 16
3 CabcdT ab T cd − 1

3Vab
ijV ab

ij

−64
3 DaTbcD

aT bc + 64
3 DbTacD

aT bc − 128
3 TabDbDcT ac

−128
3 εabcdeT abT cdDf T ef +1024T 4 − 2816
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To obtain the results above, we write down ansatz for composite
Lij which is SU(2)-triplet and has conformal weight 3.

δLij = i ε̄(i
ϕ

j)+0η ,

δϕ
i = −1

2 i /DLij
εj − 1

2 iγaEaε
i + 1

2Nε
i − γ ·TLij

εj +3Lij
ηj ,

δEa = −1
2 i ε̄γabDb

ϕ −2ε̄γ
b
ϕTba −2η̄γaϕ ,

δN = 1
2 ε̄ /Dϕ + 3

2 i ε̄γ ·T ϕ +4i ε̄ i
χ

jLij +
3
2 iη̄ϕ ,

Fix Lij using its invariance under special supersymmetry
parametrized by η . Then the Q-supersymmetry transformation
yields other composite fields in the linear multiplet.
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Substituting the composite linear multiplet into the superconformal
vector-linear action

e−1LVL = Y ijLij + i λ̄ϕ − 1
2 ψ̄

i
aγ

a
λ

jLij − 1
12ε

µνρσλ Aµ∂νEρσλ

+ρ(N + 1
2 ψ̄aγ

a
ϕ + 1

4 iψ̄ i
aγ

ab
ψ

j
bLij) .

where the vector multiplet is made from Dilaton Weyl multiplet

(ρ ,Aµ ,λ
i ,T ij)→ (σ ,Cµ ,ψ

i ,
1
4

iσ−1
ψ̄

i
ψ

j − g
2

σ
−1Lij)
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Applying the same gauge fixing, we obtain the off-shell super-Poincaré
invariant Weyl squared action

Supersymmetric Weyl squared action based on the standard Weyl
multiplet was obtained in [Hanaki, Ohashi, Tachikawa, 06’] .

Yi Pang (Tianjin University) All Gauged Curvature Squared Supergravities in Five DimensionsNovember 14, 2023 22 / 34



Supersymmetric Ricci scalar squared

Supergravity coupled to n Abelian vector multiplets[Ozkan, Pang 13’]

e−1L S
V = CIJK

(
− 1

4ρ
IF J

µνF K µν + 1
3ρ

I
ρ

J□C
ρ

K + 1
6ρ

IDµρ
JDµ

ρ
K

+ρ
IY J ijY K

ij − 4
3ρ

I
ρ

J
ρ

K (D+ 26
3 TµνT µν)+4ρ

I
ρ

JF K
µνT µν

− 1
24ε

µνρσλ AI
µF J

νρF K
σλ

)
Consider n=2 case with C122 = 1 (otherwise 0), replacing one vector
multiplet by

(ρ(1) ,A(1)
µ ,λ (1)i ,Y (1)ij)→ (σ ,Cµ ,ψ

i ,
1
4

iσ−1
ψ̄

i
ψ

j − g
2

σ
−1Lij)

and the other vector multiplet by
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ρ
(2) = 2L−1N + iL−3

ϕ̄
i
ϕ

jLij ,

λ
(2)
i = −2i /DϕiL−1 +(16Lij χ

j +4γ ·T ϕi)L−1 −2NLijϕ
jL−3

+2i( /DLijLjk
ϕk − /ELijϕ

j)L−3 +2iϕ j
ϕ̄iϕjL−3 −6iϕ j

ϕ̄k ϕlLklLijL−5,

Y (2)
ij = L−1□CLij −DaLk(iD

aLj)mLkmL−3 −N2LijL−3 −EµEµLijL−3

+8
3L−1T 2Lij +4L−1DLij +2EµLk(iD

µLj)
kL−3 − 1

2 iNL−3
ϕ̄(iϕj)

−4
3L−5NLk(iLj)mϕ̄

k
ϕ

m − 2
3L−3

ϕ̄(i /Eϕj)− 1
3L−5Lk(iLj)mϕ̄

k /Eϕ
m

−8iL−1
χ̄(iϕj)+16iL−3Lk(iLj)m χ̄

k
ϕ

m +2L−3Lk(i ϕ̄
k /Dϕj)

+2iL−3Lij ϕ̄γ ·T ϕ − 2
3L−3

ϕ̄(i /DLj)k ϕ
k −L−5LmnLk

(i ϕ̄
m /DLj)k ϕ

n

−1
6L−5Lkmϕ̄iγ

a
ϕj ϕ̄

k
γaϕ

m + 1
12L−7LijLkmLpq

ϕ̄
k
γaϕ

m
ϕ̄pγ

a
ϕq,

G(2)
µν = 4D[µ(L−1Eν])+2L−1R̂µν

ij(V )Lij −2L−3Ll
kD[µLkpDν]Llp

−2D[µ(L−3
ϕ̄

i
γν]ϕ

jLij)− iL−1
ϕ̄R̂µν(Q) .
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e−1LR2 = YijYij −2∇
a(NL−1)∇a(NL−1)

−1
8

εabcdeCaGbcGde +NL−1GabGab −N2L−2GabGab

+4N2L−2HabGab −
1
4

GabGab −4NL−1HabGab

+g2
(1

4
Lij

∇
a
∇aLij −

1
4

RL2 −H2L2 +
1
8

G2L2 − 5
2

N2 − 1
2

EaEa

−1
2

∇
aL∇aL

)
−4gN3L−2 +

1
16

g4L4 ,

where,

Gab = 4∇[a(L−1Eb])+2L−1Lij(Vab
ij)−2L−3Lij

(
∇[aLik)

∇b]Lk
j ,

Yij =
1
4

L−1
(

4∇
a
∇aLij −2RLij −8H2Lij +G2Lij

)
+L−3

(
−N2Lij −EaEaLij −2EaLk(i

∇aLk
j)−Lkl∇

aLk(i
∇aLj)l

)
.

Yi Pang (Tianjin University) All Gauged Curvature Squared Supergravities in Five DimensionsNovember 14, 2023 25 / 34



Supersymmetric Ricci tensor squared

Inspired by 4D, N = 2 result, build a composite linear multiplet from
Weyl multiplet and Abelian vector multiplet

H ij =
3i

1280
∇
(ij

∇
kj)

∇kl logW

where W is the real primary superfield describing an Abelian vector
multiplet and ∇ij = ∇α(i∇

j)
α . The bosonic components of H ij are

Lij = 8
3T µνFµν(V )ij − 257i

3
λ

α i
λ

j
α −ρ

−1□CY ij + · · ·

N =
128

9
T µνT ρλ Cµνρλ +

8
3

D2 −ρ
−1(□C)2

ρ + · · ·

Eµ = −64
3

∇νT µν − 25
18

εδ
νρσλ Tνρ∇

µ
∇

δ Tσλ · · ·

The full expressions before gauge fixing can be found in [Gold, Hutomo
et.al 2311.00679]
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Substituting the composite the linear multiplet into the vector linear
action and applying the map

(ρ ,Aµ ,λ
i ,Y ij)→ (σ ,Cµ ,ψ

i ,
1
4

iσ−1
ψ̄

i
ψ

j − g
2

σ
−1Lij)
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Minimal on-shell gauged supergravity with 4-derivative
corrections

Due to the off-shell nature, we can add all the supergravity actions

L2∂+4∂ = LEH +λ1LWeyl2 +λ2LLog +λ3LR2

To go to on-tushell, one can directly substitute the leading order
solutions

N = −1
2gL(2+L)+O(λi) , Eµ = O(λi) , V

′ij
µ = O(λi) ,

Vµ = − 3√
2
gCµ +O(λi) , L = 1+O(λi) , C̃µ = Cµ +O(λi) .

because the O(λi) terms arising from substituting the equations above
to the two-derivative action either vanish or can be removed by field
redefinitions.
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(16πG)e−1L2∂+4∂ = c0R+12c1g2 − 1
4c2GµνGµν

+ 1
12

√
3
c3ε

µνρσλ CµGνρGσλ +λ1LGB|onshell ,

where the various coefficients are

c0 = 1+(28
3 λ1 −20λ2 −4λ3)g2 ,

c1 = 1+(50
9 λ1 − 28

3 λ2 +
52
3 λ3)g2 ,

c2 = 1+(64
9 λ1 − 92

3 λ2 − 76
3 λ3)g2 ,

c3 = 1−12(λ1 +3λ2 +3λ3)g2 ,

and the on-shell Gauss-Bonnet invariant is given by

LGB|onshell = Rµνρλ Rµνρλ −4RµνRµν +R2 + 1
8G4

−1
2Cµνρλ GµνGρλ + 1

2
√

3
ε

µνρσλ CµRνρ
abRσλab ,
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When g = 0, all but the supersymmetric Weyl tensor squared can
be removed by field redefinition, generalizing non-renormalization
theorem in 4D,N = 2 supergravity.

When λ2 = 0, recover previous results by [Cassani et.al 22’].
Keeping the dilaton field L,

e−1L = LR+R2 · · · (1)

which is in string frame. By contrast, the model constructed using
standard Weyl multiplet is written in Einstein-frame.
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Holographic anomaly coefficients

The dual field theory should be a D = 4, N = 1 CFT. The a and c Weyl
anomaly coefficients of the dual CFT can be computed by standard
method

a =
π

8g3G
− 9π(λ2 +λ3)

2gG
, c =

π

8g3G
+

π(2λ1 −9λ2 −9λ3)

2gG
,

As a consistency check, we compute the R-symmetry anomaly. The
background field of U(1) R-current denoted by Âi is given by

√
3g
2 Ai .

Under δ Âi = ∂iλ ,

δS =
1

24πg3G

∫
∂M

d4x
√
−gλ

(
−c3

9
ε

ijkl F̂ij F̂kl −
λ1g2

2
ε

ijklRijabRkl
ab
)

⇒ TrR3 =
4πc3

9g3G
=

16
9
(5a−3c), TrR =−16πλ1

gG
= 16(a−c)

as required by superconformal supersymmetry.
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Conclusion and outlook

We obtain all curvature squared invariants in 5D,N = 2 minimal
gauged supergravity, offering a complete basis for carrying out
precision tests of holography beyond the leading order.

It can be easily shown that the offshell supergravities based on
different Weyl multiplets are on-shell equivalent.

We can generalize the construction to include n vector multiplets.

Supersymmetric AdS black ring solution, which does not exist in
the 2-derivative theory.

Revisit the entropy computation of BPS black holes.
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Thank you!
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Back up slides

The composite Lij contains a term ρ−1□Y ij . Since δY ij contains a term
ε̄ /Dλ i , and δLij ∝ ε iϕ j , the composite ϕ i should contain □ /Dλ i . Since δ l i

contains a term /Dρε i and δϕ i contains a term Nε i , the composite N
should contain □C□Cρ.
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