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Gauged SUGRAs

All possible deformations of SUGRAs by keeping

Field content

Supersymmetry

Gauge a subgroup of the global symmetry group

Embedding tensor formalism: systematic method

Stückelberg couplings

Compactifications automatically deform the theory

Flux compactifications

Scherk-Schwarz (SS) compactifications

Coset reductions
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Embedding tensor formalism ϑI
A

Cordaro, deWit, Nicolai, Samtleben,. . .

Systematic study of the most general gaugings

Promote subgroup GX ⊂ G to be local

Embedding tensor (ET) ϑI
A: nv × dim G matrix such that

XI = ϑI
AtA , I = 1 . . . nv , A = 1 . . . dim G

Constraints

quadratic (gauge) ϑK
AXIJ

K − ϑJBXIB
A = 0

linear (SUSY) g⊗ V = θ1 ⊕ θ2 ⊕ . . .⊕ θn

Deformation consequences

Deformed field strengths
Deformed gauge transformations
Coupled Bianchi identities
Scalar potential (vacua and moduli stabilisation)
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N = 2 d = 9 supergravity

Global symmetry: SL(2,R)× (R+)2 FM, Ort́ın, Torrente-Luján’12

Field content

Vielbein: eµ
a

Scalar fields: ϕ, τ ≡ χ+ ie−φ

p-form potentials: Aµ
0,Aµ

1,Aµ
2,Bµν

1,Bµν
2,Cµνρ

fermions: ψµ, λ̃, λ

ϑI
A, I = 1, 2, 3, A = 1, . . . , 5

Covariant derivatives: D = d + XIA
I = d + ϑI

AtA AI
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Gauged quantities: field strengths

Ungauged

F I = dAI

H i = dB i + 1
2δ

i
i(A

0 ∧ F i + Ai ∧ F 0)

G = d [C − 1
6εijA

0ij]− εijF i ∧
(
B j + 1

2δ
j
jA

0j
)

Gauged

F I = dAI + 1
2XJK

IAJ ∧ AK + Z I
iB

i

H i = DB i + 1
2δ

i
i(A

0 ∧ F i + Ai ∧ F 0) + (XA012) + Z iC

G = D[C − 1
6εijA

0ij]− εijF i ∧
(
B j + 1

2δ
j
jA

0j
)

+ ZijB
ij + ZC̃

G̃ = DC̃ + (OLD) + Z 0
jB

j ∧ C + (XJijA
J ∧ B ij) + Z i H̃i
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Gauged quantities: gauge transformations

Ungauged

δΛA
I = −dΛI

δΛB
i = −dΛi + δi i

[
ΛiF 0 + Λ0F i + 1

2

(
A0δΛA

i + AiδΛA
0
)]

δΛ[C − 1
6εijA

0ij] = −dΛ− εij
(
F iΛj + ΛiH j − δΛA

iB j + 1
2δ

j
jA

0iδΛA
j
)

Gauged

δΛA
I = −DΛI + Z I

iΛ
i

δΛB
i = −DΛi + ΛiF 0 + Λ0F i + 1

2

(
A0δΛA

i + AiδΛA
0
)

+ Z iΛ

δΛ[C − 1
6εijA

0ij ] = −DΛ− εij
(
F iΛj + ΛiH j − δΛA

i ∧ B j + 1
2A

0iδΛA
j
)

+ Z Λ̃

δΛC̃ = −DΛ̃ + (OLD) + Z i Λ̃i
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Gauged quantities: Bianchi identities

Ungauged Gauged

dF I = 0 DF I = Z I
iH

i

dH i + F 0F i = 0 DH i + F 0F i = Z iG

dG − F iHi = 0 DG − F iHi = ZG̃

dG̃ + F 0G + 1
2εijH

iH j = 0 DG̃ + F 0G + 1
2H

iHi = Z iHi

dH̃i + Fi G̃ − HiG = 0 DH̃i + Fi G̃ − HiG = Zi
I F̃I

dF̃0 + F j H̃j − 1
2GG = 0 DF̃0 + F i H̃i − 1

2GG = ϑ0
AJA

dF̃i + F 0H̃i − Hi G̃ = 0 DF̃i + F 0H̃i − Hi G̃ = ϑi
AJA

...
...
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Solving the constraints

SUSY constraints require

Z = Z (ϑ): Stückelberg couplings depend on the ET

6 independent ET components:
{
θi , κjk

}
2(+3) ⊕ 4(−1)

Quadratic constraints

εij θ
i κjk = 0 , 2(−1)

θ(i κjk) = 0 . 4(−1)

ID θi κij gauging

1
(0, 0)

diag(1, 1) SO(2)

2 diag(1,−1) SO(1, 1)

3 diag(1, 0) R+
γ

4 (1, 0) diag(0, 0) R+
β
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Solving the constraints

SUSY constraints require

Z = Z (ϑ): Stückelberg couplings depend on the ET

6 independent ET components:
{
θi , κjk

}
2(+3) ⊕ 4(−1)

Quadratic constraints

εij θ
i κjk = 0 , 2(−1)

θ(i κjk) = 0 . 4(−1)

ID θi κij gauging

1
(0, 0)

diag(1, 1) SO(2)

2 diag(1,−1) SO(1, 1)

3 diag(1, 0) R+
γ

4 (1, 0) diag(0, 0) R+
β
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Half-maximal d = 8

R+ × SL(2)× SL(2)︸ ︷︷ ︸
O(2,2)

Embedding tensor[
aαi
bαi

Quadratic constraints

εαβ εij (aαi aβj − bαi bβj) = 0

εαβ εij (aαi bβj + bαi bβj) = 0

εij a(αi bβ)j = 0

εαβ aα(i bβj) = 0

ID aαi bαi gauging

1 diag( cosα, 0) diag( sinα, 0) Solv2×SO(1, 1)

2 diag(1, 1) diag(−1,−1)
SL(2)×SO(1, 1)

3 diag(1,−1) diag(−1, 1)
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Half-maximal d = 8

R+ × SL(2)× SL(2)︸ ︷︷ ︸
O(2,2)

Embedding tensor[
aαi
bαi

Quadratic constraints

εαβ εij (aαi aβj − bαi bβj) = 0

εαβ εij (aαi bβj + bαi bβj) = 0

εij a(αi bβ)j = 0

εαβ aα(i bβj) = 0

ID aαi bαi gauging

1 diag( cosα, 0) diag( sinα, 0) Solv2×SO(1, 1)

2 diag(1, 1) diag(−1,−1)
SL(2)×SO(1, 1)

3 diag(1,−1) diag(−1, 1)
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Higher-dimensional origin of gaugings

Embedding
tensor

Lower-
dimensional

SUGRAs

Gauged SUGRAs
non-geometric

gauged SUGRAs

M/string theory
Duality invariant

constructions

T n
SS, cosets, . . .
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Goals

1 Double field theory
The basics
Strong constraint relaxation and consistency conditions
Action fixed by symmetries? [Cho, FM, Jeon, Park]

2 Orbits of non-geometric fluxes [Dibitetto, FM, Marqués, Roest]

Scherk-Schwarz compactification of DFT
Classification of deformations in d = 9, 8, 7
Compactification scheme (twist matrices)

3 Stable de Sitter in half-maximal d = 7 [Dibitetto, FM, Marqués]

Full classification of deformations
Structure of vacua and moduli stabilisation
First stable dS in half-maximal

4 Conclusions and outlook
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Double field theory

Siegel’93 — Hull, Zwiebach’09 — Hohm, Hull, Zwiebach’10

T-duality invariant effective field theory of string theories

T-duality group O(D,D): ηMN =

(
0 1
1 0

)
M,N = 1...2D

XM = {x̃i , x i}, i = 1, . . . ,D

NSNS sector

gµν
Bµν

]
→ H =

(
g−1 −g−1B
Bg−1 g − Bg−1B

)
∈ O(D,D)

e−2φ → e−2d =
√
ge−2φ
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The action

The action SDFT =

∫
d2Dx e−2dR(H, d)

R(H, d) = 1
8H

MN∂MHPQ∂NHPQ− 1
2H

MN∂NHPQ∂QHMP

− 2∂Md∂NHMN + 4HMN∂Md∂Nd

Strong constraint (SC)

ηMN∂M∂N(AB) = 0

For ∂̃ i = 0

SDFT|∂̃ i=0 ∝ SNSNS

∝
∫

dDx
√
ge−2φ

[
R − 4(∂φ)2 +

1

2 · 3!
HµνρH

µνρ

]
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Gauge transformations and generalised Lie derivative

Generalised Lie derivative

L̂ζVM = LζV
M + YM

P
N
Q∂Nζ

QV P

where YM
P
N
Q = δQ

MδP
N − αPM

P
N
Q + λδP

MδQ
N

For O(D,D) YM
P
N
Q = ηMNηPQ

Gauge transformations

δζHMN = ζP∂PHMN + (∂Mζ
P − ∂PζM)HPN + (∂Nζ

P − ∂PζN)HMP

δζd = ζM∂Md − 1
2∂Mζ

M

Closure of the algebra [δζ1 , δζ2 ] = −δ [ζ1,ζ2]c

[ζ1, ζ2]Mc ≡ ζ
N
1 ∂Nζ

M
2 − 1

2 ζ1N∂
MζN2 − (1↔ 2) C -bracket

Closure and invariant action upon the SC!!
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DFT and gaugings

Geissbühler’11 — Aldazábal et al.’11

Dimensional reduction of DFT: Scherk-Schwarz
compactification

HMN(X ) = ĤIJ(X) U I
M(Y)UJ

N(Y) , d(X ) = d̂(X)+λ(Y)

Can we reproduce all the ET configurations upon these
reductions? NO

Problem? Strong constraint is too strong? ∂M∂M = 0

SS reduction of the SC vs. QC of ET

Essential for gauge invariance

Essential for closure

Consistent relaxation?
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Relaxation of the SC

DFT aimed to find SUGRAs (fermions): HMN → E Ā
M

E Ā
M =

(
eā

i eā
jbji

0 e āi

)
, HMN = E Ā

MSĀB̄E
B̄
N

LξE Ā
M = ξP∂PE

Ā
M + (∂Mξ

P − ∂PξM) E Ā
P

Consistency conditions

Closure of the algebra

Gauge invariant action

Jacobi identities
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Consistency conditions without SC

Grana,Marqués’12 — Geissbühler et al.’13

Closure and Jacobi ⇔ ∆123
M = 0

∆123
M = Y P

R
Q
S

(
2∂Pξ

R
[1 ∂Qξ

M
2] ξ

S
3 − ∂PξR1 ξS2 ∂Qξ

M
3

)
= 0

Invariant action SrDFT =
∫
d2Dx e−2dRrDFT

RrDFT = FĀB̄C̄ FD̄Ē F̄

[
1

4
S ĀD̄ηB̄ĒηC̄ F̄ − 1

12
S ĀD̄S B̄ĒS C̄ F̄ − 1

6
ηĀD̄ηB̄ĒηC̄ F̄

]
+ FĀFB̄

[
ηĀB̄ − S ĀB̄

]
where FĀB̄C̄ = EC̄MLEĀ

EB̄
M FĀ = −e2dLEĀ

e−2d
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Consistency constraints without SC

Solve ∆123
M = 0

Unique solution found up to now: Scherk-Schwarz-like

AM(X ) = ÂI (X)WI
M(Y) ∂M∂

M ÂI = 0 ∂M ÂI∂M B̂J = 0

Effective fields do not depend on dual coordinates but twist
matrices do!!

Can we reproduce all the ET configurations upon the SS
reduction of SrDFT? Next section

Can we obtain SrDFT from first principles (symmetries)?

Uniqueness of SrDFT?
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Action and symmetries

Cho, FM, Jeon, Park’15

DFT + SC: action fixed by

Generalised diffeo’s

O(D,D)

Double Lorentz

Relaxed DFT

Generalised diffeo’s

O(D,D)

Double Lorentz

. . . ? SUSY?

Supersymmetric DFT

N = 1: SUSY invariance completely fixes the action

N = 2: RR gauge invariance makes SUSY invariance
transparent
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Relaxed DFT

SS reduction of rDFT

E Â
M(X ) = Ê Â

B(X) UB
M(Y) , d(X ) = d̂(X) + λ(Y)

Structure constants in effective theory

fABC = 3Ω̃[ABC ] , Ω̃ABC = UA
M∂MUB

NUCN ,

fA = Ω̃B
BA + 2UA

M∂Mλ

Uplift condition (from half-maximal to maximal)
Dibitetto,Guarino,Roest’11

fABC f
ABC = 0

(non-) upliftable ⇐⇒ (non-) geometric

fABC f
ABC = −3∂MUA

P∂
M(U−1)PA − 24∂Mλ∂

Mλ+ 24∂M∂
Mλ = 0
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Maximal d = 9

R+ × SL(2)

ET {
θi , κjk

}
2(+3) ⊕ 4(−1)

QC

εij θ
i κjk = 0 , 2(−1)

θ(i κjk) = 0 . 4(−1)

ID θi κij gauging

1
(0, 0)

diag(1, 1) SO(2)

2 diag(1,−1) SO(1, 1)

3 diag(1, 0) R+
γ

4 (1, 0) diag(0, 0) R+
β
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Maximal d = 9

R+ × SL(2)

ET {
θi , κjk

}
2(+3) ⊕ 4(−1)

QC

εij θ
i κjk = 0 , 2(−1)

θ(i κjk) = 0 . 4(−1)

ID θi κij gauging

1
(0, 0)

diag(1, 1) SO(2)

2 diag(1,−1) SO(1, 1)

3 diag(1, 0) R+
γ

4 (1, 0) diag(0, 0) R+
β
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Maximal d = 8

SL(2)× SL(3)

ET {
fα

(mn) , ξαm

}
(2, 6′)⊕ (2, 3)

QC

εαβ ξαpξβq = 0 ,
(
1, 3′

)
f(α

npξβ)p = 0 ,
(
3, 3′

)
εαβ (εmqr fα

qnfβ
rp + fα

npξβm) = 0 .
(
1, 3′

)
⊕ (1, 15)
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Maximal d = 8

ID f+
mn f−

mn ξ+m ξ−m gauging

1 diag(1, 1, 1)

diag(0, 0, 0) (0, 0, 0) (0, 0, 0)

SO(3)

2 diag(1, 1,−1) SO(2, 1)

3 diag(1, 1, 0) ISO(2)

4 diag(1,−1, 0) ISO(1, 1)

5 diag(1, 0, 0) CSO(1, 0, 2)

6 diag(0, 0, 0) diag(0, 0, 0) (1, 0, 0) (0, 0, 0) Solv2×Solv3

7 diag(1, 1, 0)
diag(0, 0, 0) (0, 0, 1) (0, 0, 0) Solv2×Solv38 diag(1,−1, 0)

9 diag(1, 0, 0)

10 diag(1,−1, 0)
 1 1 0

1 1 0
0 0 0

 2
9
(0, 0, 1) (0, 0, 0) Solv2× SO(2)nNil3(2)
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Maximal d = 8

ID f+
mn f−

mn ξ+m ξ−m gauging

1 diag(1, 1, 1)

diag(0, 0, 0) (0, 0, 0) (0, 0, 0)

SO(3)

2 diag(1, 1,−1) SO(2, 1)

3 diag(1, 1, 0) ISO(2)

4 diag(1,−1, 0) ISO(1, 1)

5 diag(1, 0, 0) CSO(1, 0, 2)

6 diag(0, 0, 0) diag(0, 0, 0) (1, 0, 0) (0, 0, 0) Solv2×Solv3

7 diag(1, 1, 0)
diag(0, 0, 0) (0, 0, 1) (0, 0, 0) Solv2×Solv38 diag(1,−1, 0)

9 diag(1, 0, 0)

10 diag(1,−1, 0)
 1 1 0

1 1 0
0 0 0

 2
9
(0, 0, 1) (0, 0, 0) Solv2× SO(2)nNil3(2)
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Half-maximal d = 10 and d = 9

d = 10 without vector multiplets

No freedom to deform

d = 9

R+ × SO(1, 1)
Abelian gauging
Fully geometric
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Half-maximal d = 8

R+ × SL(2)× SL(2)︸ ︷︷ ︸
O(2,2)

ET

aαi

bαi

QC

εαβ εij (aαi aβj − bαi bβj) = 0

εαβ εij (aαi bβj + bαi bβj) = 0

εij a(αi bβ)j = 0

εαβ aα(i bβj) = 0

ID aαi bαi gauging

1 diag( cosα, 0) diag( sinα, 0) Solv2×SO(1, 1)

2 diag(1, 1) diag(−1,−1)
SL(2)×SO(1, 1)

3 diag(1,−1) diag(−1, 1)
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Half-maximal d = 8

R+ × SL(2)× SL(2)︸ ︷︷ ︸
O(2,2)

ET

aαi

bαi

QC

εαβ εij (aαi aβj − bαi bβj) = 0

εαβ εij (aαi bβj + bαi bβj) = 0

εij a(αi bβ)j = 0

εαβ aα(i bβj) = 0

ID aαi bαi gauging

1 diag( cosα, 0) diag( sinα, 0) Solv2×SO(1, 1)

2 diag(1, 1) diag(−1,−1)
SL(2)×SO(1, 1)

3 diag(1,−1) diag(−1, 1)
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Half-maximal d = 8

R+ × SL(2)× SL(2)︸ ︷︷ ︸
O(2,2)

ET

aαi

bαi

QC

εαβ εij (aαi aβj − bαi bβj) = 0

εαβ εij (aαi bβj + bαi bβj) = 0

εij a(αi bβ)j = 0

εαβ aα(i bβj) = 0

ID aαi bαi gauging

1 diag( cosα, 0) diag( sinα, 0) Solv2×SO(1, 1)

2 diag(1, 1) diag(−1,−1)
SL(2)×SO(1, 1)

3 diag(1,−1) diag(−1, 1)
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Half-maximal d = 8

Twist matrix

U =


1 0 0 0
0 cosh(my1 + n ỹ1) 0 sinh(my1 + n ỹ1)
0 0 1 0
0 sinh(my1 + n ỹ1) 0 cosh(my1 + n ỹ1)


ET & fluxes: fABC = (Xαi )βj

γk(GA)αi (GB)βj(GC )γk

aαi = −bαi = diag

(
−m + n

2
√

2
,
m − n

2
√

2

)

Orbit 2: m = 0, n = −2
√

2

Orbit 3: m = −2
√

2, n = 0

SC (m + n)(m − n) = 0

fABC f
ABC 6= 0 ⇒ non upliftable to maximal!
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Half-maximal d = 8

Twist matrix

U =


1 0 0 0
0 cosh(my1 + n ỹ1) 0 sinh(my1 + n ỹ1)
0 0 1 0
0 sinh(my1 + n ỹ1) 0 cosh(my1 + n ỹ1)


ET & fluxes: fABC = (Xαi )βj

γk(GA)αi (GB)βj(GC )γk

aαi = −bαi = diag

(
−m + n

2
√

2
,
m − n

2
√

2

)

Orbit 2: m = 0, n = −2
√

2

Orbit 3: m = −2
√

2, n = 0

SC
(((

((((
(((hhhhhhhhhh

(m + n)(m − n) = 0

fABC f
ABC 6= 0 ⇒ non upliftable to maximal!
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Half-maximal d = 7

R+ × SL(4)︸ ︷︷ ︸
SO(3,3)

ET truncated[
ZMN,P

Y(MN)

−→
θ , ξmn, Qmn, Q̃mn

1 ⊕ 6 ⊕ 10 ⊕ 10′

QC

θξmn = 0 (6)(
Q̃mp + ξmp

)
Qpq −

1

4

(
Q̃npQnp

)
δmq = 0 (15)

Qmpξ
pn + ξmpQ̃

pn = 0 (15)

εmnpqξmnξpq = 0 (1)
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Half-maximal d = 7

Truncation �Aθ , ��
�HHHξ[mn] , Q(mn) , Q̃

(mn) 10⊕ 10′{
fabc , fab

c , fa
bc , f abc

}
≡
{
Habc , ωab

c , Qa
bc , Rabc

}
10SD ⊕ 10ASD of SO(3, 3) ←→ 10 ⊕ 10′ of SL(4)

Fluxes & ET: fABC = (Xmn)pq
rs(GA)mn(GB)pq(GC )rs

Dictionary

Q = diag
(
H123, Q1

23, Q2
31, Q3

12
)

Q̃ = diag
(
R123, ω23

1, ω31
2, ω12

3
)

Surviving QC

Q̃mp Qpn −
1

4

(
Q̃pq Qpq

)
δmn = 0
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Half-maximal d = 7

ID Qmn/ cosα Q̃mn/ sinα range of α gauging

1 diag(1, 1, 1, 1) diag(1, 1, 1, 1) −π
4
< α ≤ π

4

{
SO(4) , α 6= π

4
SO(3) , α = π

4

2 diag(1, 1, 1,−1) diag(1, 1, 1,−1) −π
4
< α ≤ π

4
SO(3, 1)

3 diag(1, 1,−1,−1) diag(1, 1,−1,−1) −π
4
< α ≤ π

4

{
SO(2,2) , α 6= π

4
SO(2, 1) , α = π

4

4 diag(1, 1, 1, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
ISO(3)

5 diag(1, 1,−1, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
ISO(2, 1)

6 diag(1, 1, 0, 0) diag(0, 0, 1, 1) −π
4
< α ≤ π

4

{
CSO(2, 0, 2) , α 6= π

4
f1 (Solv6) , α = π

4

7 diag(1, 1, 0, 0) diag(0, 0, 1,−1) −π
2
< α < π

2


CSO(2, 0, 2) , |α|< π

4
CSO(1, 1, 2) , |α|> π

4
g0 (Solv6) , |α|= π

4

8 diag(1, 1, 0, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
h1 (Solv6)

9 diag(1,−1, 0, 0) diag(0, 0, 1,−1) −π
4
< α ≤ π

4

{
CSO(1, 1, 2) , α 6= π

4
f2 (Solv6) , α = π

4

10 diag(1,−1, 0, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
h2 (Solv6)

11 diag(1, 0, 0, 0) diag(0, 0, 0, 1) −π
4
< α ≤ π

4

{
l (Nil6(3) ) , α 6= 0
CSO(1, 0, 3) , α = 0
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Half-maximal d = 7

ID Qmn/ cosα Q̃mn/ sinα range of α gauging

1 diag(1, 1, 1, 1) diag(1, 1, 1, 1) −π
4
< α ≤ π

4

{
SO(4) , α 6= π

4
SO(3) , α = π

4

2 diag(1, 1, 1,−1) diag(1, 1, 1,−1) −π
4
< α ≤ π

4
SO(3, 1)

3 diag(1, 1,−1,−1) diag(1, 1,−1,−1) −π
4
< α ≤ π

4

{
SO(2,2) , α 6= π

4
SO(2, 1) , α = π

4

4 diag(1, 1, 1, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
ISO(3)

5 diag(1, 1,−1, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
ISO(2, 1)

6 diag(1, 1, 0, 0) diag(0, 0, 1, 1) −π
4
< α ≤ π

4

{
CSO(2, 0, 2) , α 6= π

4
f1 (Solv6) , α = π

4

7 diag(1, 1, 0, 0) diag(0, 0, 1,−1) −π
2
< α < π

2


CSO(2, 0, 2) , |α|< π

4
CSO(1, 1, 2) , |α|> π

4
g0 (Solv6) , |α|= π

4

8 diag(1, 1, 0, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
h1 (Solv6)

9 diag(1,−1, 0, 0) diag(0, 0, 1,−1) −π
4
< α ≤ π

4

{
CSO(1, 1, 2) , α 6= π

4
f2 (Solv6) , α = π

4

10 diag(1,−1, 0, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
h2 (Solv6)

11 diag(1, 0, 0, 0) diag(0, 0, 0, 1) −π
4
< α ≤ π

4

{
l (Nil6(3) ) , α 6= 0
CSO(1, 0, 3) , α = 0
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Half-maximal d = 7

ID Qmn/ cosα Q̃mn/ sinα range of α gauging
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Half-maximal d = 7

ID Qmn/ cosα Q̃mn/ sinα range of α gauging
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4
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f2 (Solv6) , α = π

4

10 diag(1,−1, 0, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
h2 (Solv6)

11 diag(1, 0, 0, 0) diag(0, 0, 0, 1) −π
4
< α ≤ π

4

{
l (Nil6(3) ) , α 6= 0
CSO(1, 0, 3) , α = 0
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Half-maximal d = 7

ID Qmn/ cosα Q̃mn/ sinα range of α gauging

1 diag(1, 1, 1, 1) diag(1, 1, 1, 1) −π
4
< α ≤ π

4

{
SO(4) , α 6= π

4
SO(3) , α = π

4

2 diag(1, 1, 1,−1) diag(1, 1, 1,−1) −π
4
< α ≤ π

4
SO(3, 1)

3 diag(1, 1,−1,−1) diag(1, 1,−1,−1) −π
4
< α ≤ π

4

{
SO(2,2) , α 6= π

4
SO(2, 1) , α = π

4

4 diag(1, 1, 1, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
ISO(3)

5 diag(1, 1,−1, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
ISO(2, 1)

6 diag(1, 1, 0, 0) diag(0, 0, 1, 1) −π
4
< α ≤ π

4

{
CSO(2, 0, 2) , α 6= π

4
f1 (Solv6) , α = π

4

7 diag(1, 1, 0, 0) diag(0, 0, 1,−1) −π
2
< α < π

2


CSO(2, 0, 2) , |α|< π

4
CSO(1, 1, 2) , |α|> π

4
g0 (Solv6) , |α|= π

4

8 diag(1, 1, 0, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
h1 (Solv6)

9 diag(1,−1, 0, 0) diag(0, 0, 1,−1) −π
4
< α ≤ π

4

{
CSO(1, 1, 2) , α 6= π

4
f2 (Solv6) , α = π

4

10 diag(1,−1, 0, 0) diag(0, 0, 0, 1) −π
2
< α < π

2
h2 (Solv6)

11 diag(1, 0, 0, 0) diag(0, 0, 0, 1) −π
4
< α ≤ π

4

{
l (Nil6(3) ) , α 6= 0
CSO(1, 0, 3) , α = 0
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Half-maximal d = 7

� Orbits 4, 5, 8, 10, 11: geometric U(y) ∈ GL(3)

� Orbits 10, 20, 30, 7, 9: U(y) ∈ O(3, 3)
Salam, Sezgin’83 — Cvetic et al.’00 . . .

� Orbits 1, 2, 3, 6: U(y , ỹ) ∈ O(3, 3)

U =


1 0 0 0
0 A 0 B
0 0 1 0
0 C 0 D

 , U4 =

(
A B
C D

)
= exp

(
tIJφ

IJ
)
∈ O(2, 2)

[tIJ ]K
L = δL[IηJ]K φIJ = αIJy1 + βIJ ỹ1

SC

[
X 10, 20, 30, 4, 5, 7, 8, 9, 10, 11,
× 1, 2, 3 (α 6= 0), 6

Uplift condition

[
X 10, 20, 30, 4, 5, 6, 7, 8, 9, 10, 11
× 1, 2, 3 (α 6= 0)
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Half-maximal d = 7

� Orbits 4, 5, 8, 10, 11: geometric U(y) ∈ GL(3)

� Orbits 10, 20, 30, 7, 9: U(y) ∈ O(3, 3)
Salam, Sezgin’83 — Cvetic et al.’00 . . .

� Orbits 1, 2, 3, 6: U(y , ỹ) ∈ O(3, 3)

U =


1 0 0 0
0 A 0 B
0 0 1 0
0 C 0 D

 , U4 =

(
A B
C D

)
= exp

(
tIJφ

IJ
)
∈ O(2, 2)

[tIJ ]K
L = δL[IηJ]K φIJ = αIJy1 + βIJ ỹ1

SC

[
X 10, 20, 30, 4, 5, 7, 8, 9, 10, 11, 6
× 1, 2, 3 (α 6= 0), 6

Uplift condition

[
X 10, 20, 30, 4, 5, 6, 7, 8, 9, 10, 11
× 1, 2, 3 (α 6= 0)
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Summary of results

U-duality orbits

d 9 8

] orbits 4 10

T-duality orbits

d 10 9 8 7

] orbits 0 1 3 + 2 11 + 3

Twist degeneracy in twist matrices

Upliftability (to maximal) condition fABC f
ABC = 0

Locally non-geometric fluxes given by U(y) matrices
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Goals

1 Double field theory
The basics
Strong constraint relaxation and consistency conditions
Action fixed by symmetries? [Cho, FM, Jeon, Park]

2 Orbits of non-geometric fluxes [Dibitetto, FM, Marqués, Roest]

Scherk-Schwarz compactification of DFT
Classification of deformations in d = 9, 8, 7
Compactification scheme (twist matrices)

3 Stable de Sitter in half-maximal d = 7 [Dibitetto, FM, Marqués]

Full classification of deformations
Structure of vacua and moduli stabilisation
First stable dS in half-maximal

4 Conclusions and outlook
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Half-maximal d = 7 SUGRA: field content

R+ × SL(4)

Field content: {eµa, Aµ[mn], Bµν , Σ, Vmm, ψµα, χα, λ
αα̂β̂}

Scalar coset

Mmn = Vmm Vnn δmn ∈
SL(4)

SO(4)

Vmm =


eφ1/2 χ1 e

φ2/2 χ2 e
φ3/2 χ4 e

−(φ1+φ2+φ3)/2

0 eφ2/2 χ3 e
φ3/2 χ5 e

−(φ1+φ2+φ3)/2

0 0 eφ3/2 χ6 e
−(φ1+φ2+φ3)/2

0 0 0 e−(φ1+φ2+φ3)/2
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Half-maximal d = 7 SUGRA: scalar potential

Embedding tensor

Θ ∈ 1(−4)︸ ︷︷ ︸
θ

⊕ 10′(+1)︸ ︷︷ ︸
Q(mn)

⊕ 10(+1)︸ ︷︷ ︸
Q̃(mn)

⊕ 6(+1)︸ ︷︷ ︸
ξ[mn]

Gauge generators

(Xmn)pq
rs =

1

2
δ

[r
[m Qn][p δ

s]
q] +

1

4
εtmn[p (Q̃ + ξ)t[r δ

s]
q]

Previous work: 10⊕ 10′ Dibitetto,FM,Marqués,Roest’12

Quadratic constraints(
Q̃mp + ξmp

)
Qpn − 1

4

(
Q̃pq Qpq

)
δmn = 0

Qmp ξ
pn + ξmp Q̃

pn = 0

ξmn ξ
mn = 0

θ ξmn = 0
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Half-maximal d = 7 SUGRA: scalar potential

Scalar potential

V =
1

4
QmnQpq Σ−2 (2MmpMnq − Mmn Mpq)

+
1

4
Q̃mnQ̃pq Σ−2 (2MmpMnq − Mmn Mpq) + QmnQ̃

mn Σ−2

+ θ2 Σ8 − θ
(
QmnM

mn − Q̃mnMmn

)
Σ3 +

3

2
ξmnξpq Σ−2 MmpMnq

In terms of positive quantities

V = g2

(
− 3

10
|A1|2 +

4

5
|A2|2 +

1

2
|A3|2

)
where

e−1 Lf. mass ⊃ g
(
A1

αβ ψ̄µα γ
µν ψνβ ⊕ A2

αβ ψ̄µα γ
µ χβ ⊕ A3 α̂β̂β

α ψ̄µα γ
µ λβα̂β̂

)
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Orbit classification of deformations (θ ξmn = 0)

branch 1 (θ = 0): 6 ⊕ 10 ⊕ 10′ Dibitetto,FM,Marqués’15

ID ξmn Qmn/ cosα Q̃mn/ sinα gauging

1

04

14 14
SO(4) , α 6= π

4

SO(3) , α = π
4

2 diag(1, 1, 1,−1) diag(1, 1, 1,−1) SO(3, 1)

3 diag(1, 1,−1,−1) diag(1, 1,−1,−1)
SO(2, 2) , α 6= π

4

SO(2, 1) , α = π
4

4
04

diag(1, 1, 1, 0)
diag(0, 0, 0, 1)

CSO(3, 0, 1)

5 diag(1, 1,−1, 0) CSO(2, 1, 1)

6

ξ0

(
ε2

02

)
diag(1, 1, 0, 0)

diag(0, 0, 1, 1)
CSO(2, 0, 2) , |ξ0| < 1

f1 (Solv6)∗ , |ξ0| = 1

7 diag(0, 0, 1,−1)

CSO(2, 0, 2) , |ξ0| <
√

cos(2α)

CSO(1, 1, 2) , |ξ0| >
√

cos(2α)

g0 (Solv6)∗ , |ξ0| =
√

cos(2α)
8 diag(0, 0, 0, 1) h1 (Solv6)∗

9

ξ0

(
ε2

02

)
diag(1,−1, 0, 0)

diag(0, 0, 1, 1) f2 (Solv6)∗

10 diag(0, 0, 1,−1) CSO(1, 1, 2)

11 diag(0, 0, 0, 1) h2 (Solv6)∗

12 ξ0

(
ε2

02

)
diag(1, 0, 0, 0) diag(0, 0, 0, 1)

l (Nil6(3))∗ , ξ0 6= 0

CSO(1, 0, 3) , ξ0 = 0

13 ξ0

(
ε2

02

)
04 04

(
R+ n (R+)

3
)
×U(1)2
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Orbit classification of deformations (θ ξmn = 0)

branch 2 (ξmn = 0): 1 ⊕ 10 ⊕ 10′ Dibitetto,FM,Marqués’15

ID θ Qmn/ cosα Q̃mn/ sinα gauging

1

κ

14 14
SO(4) , α 6= π

4

SO(3) , α = π
4

2 diag(1, 1, 1,−1) diag(1, 1, 1,−1) SO(3, 1)

3 diag(1, 1,−1,−1) diag(1, 1,−1,−1)
SO(2, 2) , α 6= π

4

SO(2, 1) , α = π
4

4
κ

diag(1, 1, 1, 0)
diag(0, 0, 0, 1)

CSO(3, 0, 1)

5 diag(1, 1,−1, 0) CSO(2, 1, 1)

6

κ diag(1, 1, 0, 0)

diag(0, 0, 1, 1)
CSO(2, 0, 2) , α 6= π

4

f1 (Solv6)∗ , α = π
4

7 diag(0, 0, 1,−1)

CSO(2, 0, 2) , |α|< π
4

CSO(1, 1, 2) , |α|> π
4

g0 (Solv6)∗ , |α|= π
4

8 diag(0, 0, 0, 1) h1 (Solv6)∗

9
κ diag(1,−1, 0, 0)

diag(0, 0, 1,−1)
CSO(1, 1, 2) , α 6= π

4

f2 (Solv6)∗ , α = π
4

10 diag(0, 0, 0, 1) h2 (Solv6)∗

11 κ diag(1, 0, 0, 0) diag(0, 0, 0, 1)
l (Nil6(3))∗ , α 6= 0

CSO(1, 0, 3) , α = 0
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Critical points

Equations

scalar potential

eom’s for the scalar fields

masses(
m2
)
I

J ≡ 1

|V |
K JK ∂K∂IV , Lkin = −1

2
KIJ

(
∂ΦI

) (
∂ΦJ

)
.

“Going to the origin” method
Dibitetto, Guarino, Roest’11 — Dall’Agata, Inverso’11

V (Θ,Φ) = V (g ?Θ, g ? Φ) , ∀g ∈ R+ × SL(4)
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Critical points: branch 1 (θ = 0)

No-go argument for Λ 6= 0

V = Σ−2V0(Mmn)

Run-away direction: eom(Σ) = 0 ⇒ Λ = 0

Analogous to the SL(2) dilaton for purely electric gaugings in
N = 4 D = 4
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Critical points: branch 2 (ξmn = 0)

Non-semisimple gaugings: no-scale Mkw and AdS

Semisimple gaugins in the 10′ (Q̃mn = 0)

θQ̃mn = 0 Samtleben,Weidner’05

upliftable to maximal d = 7

Semisimple gaugings in the 10⊕ 10′: SO(4)

ID θ Qmn Q̃mn orbit V0 mass spectrum

1 1−λ
2 14 λ14 1 −15

4 (1− λ)2 − 8
15 (× 10)

2 1−λ
4 diag(1, 1, 1, λ) diag(λ, λ, λ, 1) 1 - 4 - 2 −15

16 (1− λ)2

0 (× 3)

− 8
15 (× 1)

16
15 (× 5)
8
3 (× 1)

3 1− λ 14 λ14 1 −5 (1− λ)2
−4

5 (× 9)
4
5 (× 1)

4 1−λ
2 diag(1, 1, 1, λ) diag(λ, λ, λ, 1) 1 - 4 - 2 −5

4 (1− λ)2

0 (× 8)
4
5 (× 1)

12
15 (× 1)

5 0 diag(1, 1, λ, λ) diag(λ, λ, 1, 1) 1 - 6 - 3 0
0 (× 6)

4 (1− λ)2 (× 4)
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Semisimple gaugings: SO(3,1)

Two continuous branches of solutions (±)

Q± = diag(1, λ, λ, λ) , Q̃± = f±(λ)diag(λ, 1, 1, 1) , θ± = g±(λ)

where

f±(λ) ≡ −7+22λ−7λ2± (1−λ)
√

49−82λ+49λ2

8 (2−λ)

g±(λ) ≡
(

1
1−λ + 15

8+8λ±
√

49−82λ+49λ2

)−1

Stable dS window

−7− 4
√

3 < λ < µ+ µ− < λ < −7 + 4
√

3

where µ± = 1
56 − 11− 3

√
385±

√
450 + 66

√
385)
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Stable dS in SO(3,1) gauging

-15 -10 -5 0

-10

0

10

20

V0

min@mi
2D

BF bound

-0.5 0.0 0.5 1.0

-1

0

1

2

V0

min@mi
2D

BF bound

−7− 4
√

3 < λ < µ+ µ− < λ < −7 + 4
√

3

Example in branch (+): λ = −3

Cosmological constant V0 = 16
5 (52− 7

√
46)

Mass spectrum

0(× 3) , 28+
√

46
15

(× 5) , 1
90

(
212− 13

√
46±

√
61310− 7504

√
46

)
(× 1)
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SO(3,1) fluxes in N = 4 D = 4

SO(3,1) 7-D configuration into 4-D ET:
{
fa[MNP], ξaM

}
f+ABC = fABC f−ī j̄ k̄ = θ ξ+A =

1√
2
ξA

where

fABC = (Xmn)pq
rs [GA]mn [GB ]pq [GC ]rs

ξA = ξmn [GA]mn

de Sitter

EOMs for scalar fields not satisfied

Extra fluxes required!
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Conclusions

DFT

Basics

Relaxed SC formulation (generalised fluxes)

N = 1 Supersymmetric DFT fixed by symmetries

Duality orbits of non-geometric fluxes

Generalised SS reduction of DFT

Gaugings classification of d = 9, 8, 7 (half-)maximal SUGRAs

∀ XMN
P ∃ U(Y) | fMN

P(U) ∼= XMN
P

Truly non-geometric gaugings ⇔ non-upliftable (fABC f
ABC 6= 0)

Stable de Sitter in half-maximal d = 7

Full classification of gaugings

Exhaustive classification of non-semisimple vacua

SO(3,1) gauging: non-geometric (with massive deformation θ)

First examples of stable de Sitter solutions in half-maximal
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Outlook

DFT

Global definition (of its relaxed version)

Genuinely exotic branes and mixed-symmetry potentials (E11)
Bergshoeff et al.’15

Truly non-geometric deformations?
Blumenhagen et al.’11 — Condeescu et al.’12’13

Twist matrices for lower dimensions? Not even guaranteed

Supergravity

DFT as a criterion to identify non-geometric deformations

Non-geometric fluxes circumvent no-go theorems
(Maldacena-Núñez)

Vacua structure of other non-geometric deformations

Stable dS in N = 4 D = 4?

Non-geometric deformations from EFT

Vacua structure of non-geometric maximal theories

AdS spaces of non-geometric deformations?
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