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Motivation : Compactification procedure

➺ Compactifications of Supergravities : M10/11 = Mint × Mext .

➺ New 10/11 d solutions describing
compactification scenarios.

➺ Expand fluctuations in harmonics

ϕ(x , y) =
∑

Σ

ϕΣ(x)YΣ

➺ Kaluza-Klein fluctuations dynamics → lower dimensional theory
➺ Infinitely many fields (KK towers) → spectrum, n-point functions
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Motivation : Historical overview

➺ Spectrum : diagonalize Laplacians on internal manifold, disentangle mass eigenstates
from different higher-dimensional origin, flux compactifications : higher-dimensional
p-forms, ... → (super)-symmetries help [Salam, Strathdee]

➺ Cubic couplings : lengthy brut force calculations, non-linear field redefinitions . . .
[Arutyonov, Frolov, Lee, Minwalla, Rangamani]

➺ Important problem : study stability, for holography, ...
➺ Question : what about less symmetrical backgrounds ?

Exceptional Field Theories (ExFT) offer new tools to access vacua with
lower or no (super)-symmetries.
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Exceptional Field Theory : quick review

➺ Compactification of Maximal Supergravity on n-Tori : SL(n) → En(n). [Cremmer,Julia]

Exceptional Group depending on the dimension
Dimension Global Symmetry Maximal Compact Subgroup

5 E6(6) Usp(8)
4 E7(7) SU(8)
3 E8(8) SO(16)

➺ Exceptional Field Theories
➻ reformulation of 10/11-d Supergravities "exceptionally" covariant.

➺ Example : E7(7)-ExFT : reformulation of 11-d Supergravity.
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Exceptional Field Theory : Reformulate 11D SUGRA

➺ E7 Lagrangian [Hohm, Samtleben]

LE7 = R̂ + 1
24gµνDµMMNDνMMN − 1

4MMNFµνMFµν
N + e−1Ltop − V(M, g)

➻ M,N,. . .= 1,. . .,56 fundamental indices of E7
➻ 56 vectors → Aµ

M

➻ Scalar target space E7/Usp(8) → MMN generalized metric : encodes internal
geometry and fluxes

➺ LE7 ≡ LSUGRA11D

➺ Split 4 external (x) + 7 internal (y) coordinates → {xµ, ym}
➺ ym ↪→ Y M coordinates subject to a section constraint
➺ V generalized scalar curvature for M [Coimbra, Strickland-Constable, Waldram]
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Consistent Truncation

➺ Consistent Truncation : truncate fields to lower dimensional theory.
➺ Can harmlessly put fields to zero.

L = gLLHϕ2
LϕH −→

{
□ϕL = gLLHϕLϕH
□ϕH = gLLHϕ2

L

light modes better not source the heavy ones.
➺ Low dimensional solution → higher dimensional solution
➺ Remaining scalars → background geometry, fluxes, ...

✗ The dangerous couplings are those which are linear in the "heavy"
modes.

✗ Consistent Truncations imply the vanishing of infinitely many
couplings.

✗ and there is much more . . .

Warning
Consistent truncations are not effective theories. You throw away

fields which masses are comparable with the ones you keep.
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Consistent Truncation to maximal N = 8 SUGRA in ExFT

➺ Parametrize

MMN(x , Y ) = UM
A(Y )UN

B(Y )MAB(x)

A(x , Y )µ
M = ρ(Y )−1(U(Y )−1)A

MA(x)µ
A

MAB(x) and A(x)µ
A

fields of 4 dimensional
N = 8 Supergravity

with U ∈ E7(7) globally well defined vielbein (Generalised parallelizable) and ρ(Y ) a
scale factor.

➺ MAB(x) can be re-written in term of an internal vielbein

MAB(x) = VA
A(x)VB

B(x)δAB , with VA
A(x) = exp(ϕs(x)αTα)A

A

ϕs 70 scalars of 11d SUGRA
➺ Consistent Truncation −→ Y dependence in the EOM factors out

EOM11D(x , Y ) = U(Y )(EOM4D(x))U(Y )t

➺ ExFT techniques : find solutions, spectroscopy . . . theories ⊂ N = 8 SUGRA
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Consistent Truncations to G-singlets

➺ Look for background solution with G symmetry.
➺ Within 11d theory → keep G-singlets : consistent truncation.
➺ Concrete realization : M11d = AdS11−k × Sk with G = isometries of Sk .
➺ Sk can be written as G/H

✗ L a coset representative of Sk → δΛL(y) = ΛL(y) − L(y)hΛ(y), Λ ∈ G and hΛ ∈ H
✗ W (x) = CH(E7(7)) ⇒ W (x)h(y) = h(y)W (x)

⇒ L(y)W (x)L−1(y) G singlets

➺ Embedding into ExFT

V(x , Y ) = U0(Y )exp(ϕs(x)αΣTαYΣ) = U0(Y )L(y)W (x)L−1(y)

with ϕs G-singlets, Tα E7(7) generators and YΣ harmonics.
➺ From this ansatz [Cassani,Petrini,Josse,Waldram]

Mscalar = CH

(
E7(7)

SU(8)

)
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Consistent Truncations to G-singlets in ExFT

Mscalar = CH

(
E7(7)

SU(8)

)
➺ G-singlets in full theory ≡ H-singlets in E7(7)

➺ Extends previous ExFT techniques to new consistent truncations of 11d SUGRA
➺ Find new solutions, compute spectra and couplings . . .

Sphere Coset SUSY Target Space
S7 Usp(4)

SU(2) N = 4 SO(6,3)
SO(6)×SO(3) × SL(2)

SO(2)
S7 SU(4)

SU(3) N = 2 SL(2)
SO(2) × SU(2,1)

U(2)
S7 Usp(4)×SU(2)

SU(2)×SU(2) N = 1 SL(2)
SO(2) × SL(2)

SO(2)
S7 SO(7)

G2
N = 1 SL(2)

SO(2)
S6 G2

SU(3) N = 2 SL(2)
SO(2) × SU(2,1)

U(2)
S5 SU(3)

SU(2) N = 4 SO(5,2)
SO(5)×SO(2) × R+

S3 SU(2) N = 2 SL(5)
SO(5)

S3×S3 SU(2) × SU(2) N = 8 E7(7)
SU(8)
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Finding new solutions
[Malek, Galli, Samtleben, Duboeuf]
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New SO(7) solutions of 11 dimensional Supergravity

➺ Look for 4d SO(7) solutions in 11-dimensional Supergravity
➺ Write S7 ≃ S6 ×ω I with S6 = SO(7)

SO(6)

➺ 11d uplift

V(x , Y ) = U0(Y )L(y)W (x , ω)

with L(y) ∈ SO(7)
SO(6) , W (x , ω) ∈ SL(2)

SO(2) × R+ 3 scalars depending on x and ω.
➺ 11d metric is of the form

ds2 = ∆−1ds2
(4) + e3ϕ(ω)(1 − ω2)−1∆−1dω2 + e−ϕ(ω)/2(1 − ω2)∆1/2ds2

S6

➺ ∆(ω) combination of all the scalars

B. Duboeuf (LPENSL) ExFT April 9th 2024 12 / 27



New SO(7) solution of 11 dimensional Supergravity

➺ Extremize scalar potential ⇒ differential equations in ω.
➺ Recovers known (constant) SO(7) solutions [de Wit, Nicolai, Warner]
➺ Solve numerically : new solution

➺ Corresponds to squashing the round sphere

−→
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Kaluza-Klein Spectroscopy
[Malek, Galli, Samtleben, Duboeuf]
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Harmonics

➺ Fluctuations around backgrounds given by a consistent truncation
➺ Need harmonics YΣ → expand fluctuations. Harmonics ∈ Rep(SO(8)), the

maximally symmetric point of the internal manifold (topology), here S7

ϕ(x , Y ) =
∑

Σ

ϕΣYΣ

➺ 4-dimensional N = 8 SUGRA SO(8) theory : YΣ ∈ Rep(SO(8)) (Σ = ((i1 . . . in)),
completely symmetric and traceless representation, ie [n, 0, 0, 0]).

➺ Use harmonics of round S7 for all others deformed spheres
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Kaluza-Klein spectroscopy : Fluctuation ansatz in ExFT

➺ ExFT : nice description of the linearized fluctuations around 11d backgrounds.
➺ Excite fluctuations → masses of Kaluza-Kleins modes.

MMN(x , Y ) = UM
A(Y )UN

B(Y )

(
MAB(x) +

∑
Σ

YΣϕ(x)αΣTαA
C δCB

)
A(x , Y )µ

M = ρ(Y )−1(U(Y )−1)A
M
∑

Σ

YΣA(x)µ
AΣ

g(x , Y )µν = ρ(Y )−2

(
ηµν +

∑
Σ

YΣh(x)µν
Σ

)
α adjoint index of E7 ; A,B, ... fundamental indices of E7 ; T generators of E7

➺ New structure → lowest KK modes
⊗

scalar harmonics
➺ Use only of scalar harmonics
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Kaluza-Klein Spectrometry using ExFT : Example

➺ 11d SUGRA on AdS4×S7 : masses on round S7 known since the 80’s [Englert, Nicolai,
Sezgin, Casher, Rooman]

➺ S7 is an S4 fibered with S3
➺ Other solution : the squashed S7

s [Karlsson,
Duff, Nilsson, Pope]

S7 ∼=
SO(8)
SO(7)

∼=
Sp(2) × Sp(1)0

Sp(1)L × Sp(1)D

➺ From N = 8 to N = 1 vacuum.
➺ beyond standard consistent truncations : deformation triggered by scalars at level 2

and 4 of the KK towers.
➺ Use ExFT techniques and the ansatz

V(x , Y ) = U0(Y )L(y)W (x , ω)
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Kaluza-Klein Spectrometry using ExFT : Example

➺ The mass matrix for scalars reads(
Mspin−0

)
α

β =
(
M(0)

spin−0

)
α

β +
(
Nα

β
C − Nβ

αC) ∂C + ∂CNα
β

C + δα
β Mspin−2

− 1
24Πα

A ΠA
β ,(

M(0)
spin−0

)
α

β = XAE
F XBF

E (TαTβ )A
B +

1

7

(
XAE

F XBE
F + XEA

F XEB
F + XEF

AXEF
B
)

(TαTβ )A
B

+
2

7

(
XAC

E XBD
E − XAE

C XBE
D − XEA

C XEB
D
)

(Tα)A
B (Tβ )C

D +
1

6
XA

α XA,β ,

Nα
β

C = −2XA
αTβ,C

A − 2XAβTα
C

A − [Tα
, Tβ ]A

B
(

XCB
A +

7

2
XAB

C
)

.

➺

(
Mspin−0

)
(y)α

β : y -dependent mass matrix → level mixing
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Kaluza-Klein Spectrometry using ExFT : AdS4×S7

➺ Resolved spectrum organized in long multiplets (N = 1)

⊕
L∆[J , s] ⊗ [p, q, r ]

with the spin J , the [p, q, r ] Sp(2) × Sp(1)0 representation, s ∈ 1
2Z, and ∆ the

conformal dimension associated to the corresponding state in the dual CFT.
➺ Universal formula

∆(J , s, p, q, r) = 1 + 5
3 s + 1

3
√

(3J + 2s2)2 + 5C3(p, q, r)

with C3 a combinations of Casimirs operators.
➺ With L∆[J , s] ≡ L∆[J] ⊗ {−s, −s + 1, . . . , s} we have for example

[k, q, k]k≥2,q≥2 : L∆[3
2 , 0] ⊕ L∆[3

2 ,
1
2 ] ⊕ L∆[1

2 ,
1
2

⊗
1
2 ] ⊕ L∆[0,

1
2

⊗ 1]

➺ Partial results for spectrum on S7
s [Karlsson, Duff, Nilsson, Pope] → now complete answer.
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n-point couplings
[Malek, Samtleben, Duboeuf]
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Cubic Couplings in Exceptional Field Theory : Motivation

➺ Extend previous techniques to n-point couplings. E.g. : cubic couplings.

L ∼ gI1I2I3 ϕI1 ϕI2 ϕI3

➺ Focus on AdS5×S5 −→ E6(6)-ExFT.
➺ Holography : three point functions ⟨OI1 OI2 OI3 ⟩, with OI = Oi1...i3 = Tr[X i1 . . . X in ]

[Lee, Minwalla, Rangamani, Seiberg, Arutyunov, Frolov]
➺ Some couplings on AdS5×S5 known and matched with N = 4 SYM → lengthy

G(sI1 , sI2 , sI3 ) =
π3

(1/2Σ + 2)!21/2(Σ−2)
k1!k2!k3!

α1!α2!α3!

128Σ((1/2Σ)2 − 1)((1/2Σ)2 − 4)α1α2α3
(k1 + 1)(k2 + 1)(k3 + 1)

cI1 I2 I3 sI1 sI2 sI3

with Ii = ((i1 . . . iki )), Σ = k1 + k2 + k3, α1 = 1/2(k2 + k3 − k1) and so on, cI1 I2 I3 the unique SO(6) invariant.

Use ExFT techniques to extract universal formulas for cubic couplings
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Cubic Couplings in ExFT : vanishing of couplings

G(ϕαΣϕβΩϕγΓ) = ϕαΣϕβ∆ϕγΓ
(

XXαβγ,Σ∆Γ + XTαβγ,Σ∆Γ + T Tαβγ,Σ∆Γ

)
with XAB

C the embedding tensor and TAΣ
Ω SO(6) generators.

➺ Schematically, cubic couplings look like

Scubic ∼
∫

dyϕαΣϕβΩϕγΓgαΣ,βΩ,γΓ
Σ′Ω′Γ′

YΣYΩY∆

ϕ any scalar field
➺ introducing ∫

dyYΣYΩY∆ = cΣΩ∆

we can rewrite

Scubic ∼ ϕαΣϕβΩϕγΓgαΣ,βΩ,γΓ
Σ′Ω′Γ′

cΣ′Ω′Γ′
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Cubic Couplings in Exceptional Field Theory : vanishing of couplings

Scubic ∼ ϕαΣϕβΩϕγΓgαΣ,βΩ,γΓ
Σ′Ω′Γ′

cΣ′Ω′Γ′

➺ Crucial point : no level mixing induced by gαΣ,βΩ,γΓ
Σ′Ω′Γ′

➺ Up to permutation Σ′Ω′Γ′ ≡ ΣΩΓ

Non vanishing couplings between ϕαΣϕβΩϕγΓ

⇔

cΣΩ∆ is non-vanishing

➺ Let Σ = ((i1 . . . in1 )), Ω = ((j1 . . . jn2 )) and Γ = ((k1 . . . kn3 )), and α1 = 1
2 (n3 + n2 − n1)

(similar for α2 and α3)
➺ Condition of non vanishing c-symbol

αi ∈ N
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Cubic Couplings in Exceptional Field Theory : vanishing couplings

➺ Generalize previous arguments to n-point couplings for s I1 ∈ [n + 2, 0, 0] :
G(s I1 , . . . , s In )

➺ We have : s I ∈ ϕab,Σ ⇒ |I| = |Σ| + 2
➺ From group theory

|Ij | ≤
∑
i ̸=j

|Ii |, ∀j

➺ Therefore from ExFT

|Σj | ≤
∑
i ̸=j

|Σi |, ∀j ⇔ |Ij | + 2(n − 2) ≤
∑
i ̸=j

|Ii |, ∀j

➺ Put differently

n∑
i ̸=j

|Ii | − |Ij | ≤ 2(n − 3) ⇒ G(s I1 , . . . , s In ) = 0
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n∑
i ̸=j

|Ii | − |Ij | ≤ 2(n − 3) ⇒ G(s I1 , . . . , s In ) = 0

➺ The truncation of KK spectrum to N = 8 SUGRA is consistent

I1 > 2 and |Ii≥2| = 2 ⇒ G(s I1 , s I2 , . . . , s In ) = 0

➺ Can be generalized to scalars living in [n-2,0,0] or [n,0,0]±, and fields with spin-1
and spin-2. Eg : t I ∈ [n − 2, 0, 0]

(∑
j

|Ij | +
∑
l ̸=i

|Jl |

)
−|Ji | ≤ 2(m−n+1) ⇒ G(s I1 , . . . , s Im , tJ1 , . . . , tJn ) = 0

➺ Can be generalized to AdS4×S7 and AdS7×S4 with R-symmetry SO(8) and SO(5).
➺ Proof of the old conjectures of [D’Hoker,Pioline] for the vanishing of

near-extremal correlators between chiral primaries.
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Cubic Couplings in Exceptional Field Theory

G(ϕαΣϕβΩϕγΓ) = ϕαΣϕβ∆ϕγΓ
(

XXαβγ,Σ∆Γ + XTαβγ,Σ∆Γ + T Tαβγ,Σ∆Γ

)
➺ For AdS5 × S5 reduces to

G(ϕ, ϕ, ϕ) = ϕαΣϕβ∆ϕγΓ

[
− 1

6cΣ∆ΓXAB
C XDC

BTβγαA
D

+TB
ΣΛcΛ∆ΓXAC

DT[αγ]D
CTβB

A

+TB
ΣΛTA

ΛΩcΩ∆Γ
[
6TγαβB

A − 1
2TγB

Aκαβ

]]

with T generators of SO(6) in the representation [n, 0, 0], T generators of SO(6) in
the fundamental representation.

➺ For eg :

G(s I1 , s I2 , s I3 ) = a(n1, n2, n3)
(

σ

2 + 2
)(

σ

2 + 1
)

CI1I2I3 s I1 s I2 s I3

= a(k1, k2, k3)
128Σ((1/2Σ)2 − 1)((1/2Σ)2 − 4)α1α2α3

(k1 + 1)(k2 + 1)(k3 + 1)
CI1 I2 I3 sI1 sI2 sI3
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Conclusion and Perspectives

➺ New approach to find new solutions of higher-dimensional SUGRA : inclusion of
consistent truncations of the full 11d theory.

✗ New SO(7) solution of 11d SUGRA with infinitely many scalar fields.
➺ New tools for the analysis of Kaluza-Klein spectra from ExFT.

✗ Resolved spectrum for the background AdS4 × S7
s .

➺ Extension of ExFT techniques to cubic and higher order couplings.
✗ New hidden structures → infinitely many vanishing couplings
✗ New cubic couplings for AdS5 × S5.

➺ Access to vacua
✗ with few or no (super-)symmetries.
✗ consistent truncations of the full 11d SUGRA.

➺ Universal patterns in mass spectra & cubic couplings : holography !

Thank you !
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