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Introduction
SUSY Minkowski flux vacua of 10D SUGRA

- (perturbative) backgrounds of string theory.
Here: aim at compactification (phenomenology):
10D space-time = Minkowskip4DqˆMp6Dq

Mink.ˆM:

ds2
“ e2Apyqηµνdxµdxν ` gmnpyqdymdyn

- fluxes (along M) generate a non-trivial potential Ñ helps for
scalar fields stabilisation
- SUSY: simpler to find, SUSY 4D theory

Which fluxes? From 4D gauged supergravity:
fluxes are components of the embedding tensor.
O(d,d) orbit: geom. Habc, fabc or non-geom. fluxes Qabc, Rabc

hep-th/0508133 by J. Shelton, W. Taylor, B. Wecht, 0512005 by A. Dabholkar, C. Hull

Moduli stabilisation, de Sitter solutions with Qa
bc, Rabc:

hep-th/0607015 by J. Shelton, W. Taylor, B. Wecht, hep-th/0701173 by A. Micu, E. Palti,
G. Tasinato, arXiv:0911.2876 by B. de Carlos, et al, arXiv:1212.4984, arXiv:1301.7073 by

U. Danielsson, et al, arXiv:1302.0529, arXiv:1304.0792 by C. Damian, et al, ...

Distinguish: geometric fluxes have 10D origin upon compactif.:
10D standard supergravity: LNSNS

e´2φ
?
|g|
“ Rpgq ` 4pBφq2 ´ H2

2 ,
gmn, bmn, φ, Hmnp “ 3Brmbnps, fabc “ 2eamBrbemcs. Type II: Fp
Qa

bc, Rabc do not appear there... but in 10D β-supergravity!
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How to find such SUSY flux vacua? (explicit 4D+6D)

For geometric fluxes (standard 10D type II SUGRA): focus
on M “ solvmanifold: twisted torus, dea “ ´ 1

2f
a
bce

b
^ ec

- First obtained by T-duality from vacuum on torus T 6

hep-th/0211182 by S. Kachru, M. B. Schulz, P. K. Tripathy and S. P. Trivedi

- Direct search using Generalized Complex Geometry tools
and SU(3)ˆSU(3) structure

hep-th/0609124 by M. Graña, R. Minasian, M. Petrini and A. Tomasiello

Reformulation of Killing spinor equations using (poly)forms.
CY: ∇aη` “ 0 ô dJ “ 0,dΩ “ 0 (Kähler with holom. Ω)
Ñ generalisation using GCG in presence of fluxes.
ñ here: present new such vacua.
For non-geometric fluxes: no tool!
Explicit 10D vacua require a 10D formalism with Qa

bc, Rabc

ñ here: use 10D β-supergravity, develop analogous tools:
- Killing spinor equations with Qa

bc, Rabc

- reformulate with SU(3)ˆSU(3) struct. Ñ 4D superpotential

Plan:
- Present new geometric vacua obtained + comments
- Brief review of β-supergravity
- Develop tools for SUSY vacua with non-geometric fluxes
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New SUSY flux vacua of type II sugra

Vacua obtained on M “ solvmanifold

T 2
{{1,2 T 2

{{3,4

S1
{{5

ˆ S1
{{6

de1
“ q e2

^ e5 , de2
“ ´q e1

^ e5

de3
“ q e4

^ e5 , de4
“ ´q e3

^ e5

de5
“ de6

“ 0 , f2
15 “ ´f

1
25 “ f4

35 “ ´f
3

45 “ q

Example (SU(2)K str.): O6 and D6 wrapping 125, Apy3, y4, y6
q

gabe
aeb “ gmndymdyn , g̃ab “ gab|A“0 ,

gab “ diagpe2At1, e
2At1, e

´2At2, e
´2At2, e

2At3, e
´2At3pτ6q

2
q ,

eφ “ gse
3A , H “ 0 ,

gsF2
?
g̃33g̃44g̃66

“ ´g̃33
B3pe

´4A
qe4
^e6

` g̃44
B4pe

´4A
qe3
^e6

´ g̃66
B6pe

´4A
qe3
^e4

dF2 “ ´g
´1
s ∆̃pe´4A

qĂvolK “ ´QD6

´

ÿ

O6

2 δpyKq ´
ÿ

D6

δpyKq
¯

ĂvolK
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More vacua found; SUSY: SU(2)K or SU(3) structure forms.

SU(2)
K
O8 {{ 12345
OO

34
��

SU(3) O6 {{ 125OO

12
��

SU(2)
K
O6 {{ 125
OO

6
��

SU(2)
K
O4 {{ 5
OO
6
��

SU(3) O7 {{ 1256

SU(3) O5 {{ 56

Grouped in two families of T-dual vacua.

New SUSY Mink. flux vacua of type II sugra on solvm.
First localized vacua, not T-dual to (geom.) vacuum on T 6 !!

Indeed: all known vacua with localized Dp, Op: T-dual to T 6

"New vacua" (not T-dual to T 6): smeared sources.
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gsF2
?
g̃33g̃44g̃66

“ ´g̃33
B3pe

´4A
qe4 ê6

` g̃44
B4pe

´4A
qe3 ê6

´ g̃66
B6pe

´4A
qe3 ê4

Fluxless in the smeared limit: very unusual; rather
typically a constant term in Fp „ fabc. (optional H and Fp´2...)
Related to directions wrapped: dĂvol|| “ 0: very unusual!

dF2 “ ´g
´1
s ∆̃pe´4A

qĂvolK “ ´QD6

´

ÿ

O6

2 δpyKq ´
ÿ

D6

δpyKq
¯

ĂvolK

Source contributions compensate each other in smeared limit

ãÑ Einstein eq.: Rmn “ (fluxes, sources, Bkφ )
smearing // 0

ñ underlying M is Ricci flat!

How we found them:
dĂvol|| “ 0 Ñ fluxless in smeared limit ñ Ricci flat.
Among „ 200 6D solvable algebras, only 3 allow for a Ricci flat
metric arXiv:1305.0785 by M. Graña, R. Minasian, H. Triendl and T. Van Riet

Only found SUSY flux vacua on 1 of the 3.
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` g̃44
B4pe

´4A
qe3 ê6
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Geometric properties of M

Three 6D solvable algebras ñ Ricci flat, not simply connected,
solvmanifolds
X of previous M and vacua: metric Ricci flat in smeared limit
More: use our vacua with O5, O6 or O7 to prove: M is a CY!
Ex.: SUSY conditions for O6 with SU(3) structure:

dJ “ 0
dpe´A ImpΩqq “ 0
dpeA RepΩqq “ ´ gse

4A ˚ F2

0

satisfied by our vacuum.
Take smeared limit; particularity of our vacuum: then fluxless:
F2 “ 0 for eA constant.
ñ M: Kähler with holomorphic Ω: CY!
Mentioned in arXiv:1401.0512 by A. Fino, A. Otal and L. Ugarte

M is a CY, with explicit metric, ‰ torus!

Other 2 alg. ñ solvmanifolds not CY, but Ricci flat Kähler
dJ “ 0 , dΩ “W5 ^ Ω
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β-supergravity
Lagrangian L̃βpf,Q,Rq arXiv:1306.4381 by D. A. and A. Betz

Earlier results, and related work:
arXiv:1106.4015, 1202.3060, 1204.1979 by D. A., O. Hohm, M. Larfors, D. Lüst, P. Patalong

arXiv:1210.1591, arXiv:1211.0030, arXiv:1304.2784
by R. Blumenhagen, A. Deser, E. Plauschinn, F. Rennecke, C. Schmid

Idea: field redef. pgmn, bmn, φq Ø pg̃mn, β
mn, φ̃q, β antisym.

g̃´1
“ pg ` bq´1gpg ´ bq´1

β “ ´pg ` bq´1bpg ´ bq´1 ô pg ` bq´1
“ pg̃´1

` βq ,
e´2φ̃

e´2φ “

a

|g|
a

|g̃|

ô reparametrization of gen. metric H, i.e. new gen. vielbein
Apply the field redefinition to LNSNSpg, b, φq “ L̃βpg̃, β, φ̃q ` Bp. . . q
To see the fluxes, Q, better to use flat tangent space indices

Qc
ab
“ Bcβ

ab
´ 2βdrafbscd , Rabc “ 3βdra∇dβ

bcs

arXiv:0807.4527 by M. Graña, R. Minasian, M. Petrini, D. Waldram
arXiv:1109.0290 by G. Aldazabal, W. Baron, D. Marqués, C. Núñez

L̃β
e´2φ̃

a

|g̃|
“Rpg̃q ` 4pBφ̃q2 ` 4pβabBbφ̃´ T a

q
2
´

1
2ηabR

acdfbcd ´
1
12R

2

` 2ηabβadBdQcbc ´ ηcdQaacQbbd ´
1
2ηcdQa

bcQb
ad
´

1
4Q

2

10D theory with non-geometric fluxes, uplift 4D X
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arXiv:1106.4015, 1202.3060, 1204.1979 by D. A., O. Hohm, M. Larfors, D. Lüst, P. Patalong

arXiv:1210.1591, arXiv:1211.0030, arXiv:1304.2784
by R. Blumenhagen, A. Deser, E. Plauschinn, F. Rennecke, C. Schmid

Idea: field redef. pgmn, bmn, φq Ø pg̃mn, β
mn, φ̃q, β antisym.

g̃´1
“ pg ` bq´1gpg ´ bq´1

β “ ´pg ` bq´1bpg ´ bq´1 ô pg ` bq´1
“ pg̃´1

` βq ,
e´2φ̃

e´2φ “

a

|g|
a

|g̃|

ô reparametrization of gen. metric H, i.e. new gen. vielbein
Apply the field redefinition to LNSNSpg, b, φq “ L̃βpg̃, β, φ̃q ` Bp. . . q
To see the fluxes, Q, better to use flat tangent space indices

Qc
ab
“ Bcβ

ab
´ 2βdrafbscd , Rabc “ 3βdra∇dβ

bcs

arXiv:0807.4527 by M. Graña, R. Minasian, M. Petrini, D. Waldram
arXiv:1109.0290 by G. Aldazabal, W. Baron, D. Marqués, C. Núñez
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10D Bianchi identities for the fluxes
Standard sugra: dH “ 0 ñ 2BraHbcds ´ 3 ferabHcdse “ 0

dpdeaq “ 0 ñ Brbf
a
cds ´ f

a
erbf

e
cds “ 0 “ Ra

rbcds

Automatically satisfied (locally) with 10D expressions of fluxes:
H “ db and fabc “ 2eamBrbemcs
4D, constant fluxes: gaugings of gauged supergravity

rZa, Zbs “ HabcX
c
` fcabZc

rZa, X
b
s “ ´fbacX

c
`Qa

bcZc

rXa, Xb
s “ Qc

abXc
´RabcZc

hep-th/0508133 by J. Shelton, W. Taylor, B. Wecht

Jacobi identities ô Bianchi identities
3 ferabHcdse “ 0

HdrabQfs
ed
` fedraf

d
bfs “ 0

Braf
e
bfs ´

1
2HgafR

deg
´

1
2Qg

defgaf ` 2Qragrdfesfsg “ 0

BraQfs
de
´ βgrdBgf

es
af

3Rdrghf isad ´ 3QadrgQdhis “ 0

BaR
ghi
´ 3βdrgBdQahis `

3RgrdaQgbcs “ 0

2βgrdBgRabcs `

10D realisation in β-supergravity (non-cstt fluxes), H “ 0
Automatically satisfied with 10D expressions of f,Q,R
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bfs ´
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´
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af

3Rdrghf isad ´ 3QadrgQdhis “ 0BaR
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´ 3βdrgBdQahis `

3RgrdaQgbcs “ 02βgrdBgRabcs `

10D realisation in β-supergravity (non-cstt fluxes), H “ 0

Automatically satisfied with 10D expressions of f,Q,R
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Non-geometry and β-supergravity

10D origin of Q and R? Usually:
argued to descend from 10D non-geometric bckgds...

hep-th/0208174 by S. Hellerman, J. McGreevy, B. Williams
hep-th/0210209 by A. Dabholkar, C. Hull
hep-th/0404217 by A. Flournoy, B. Wecht, B. Williams

Global issue,
no standard compactification
Ñ no direct link to Q,R
Two examples: toroidal example and 52

2- or Q-brane.

D a class of bckgds (Q tor.ex., Q-brane) such that:
non-geometric in standard supergravity

Ù

geometric in β-supergravity: g̃, φ̃ X, β Ñ fluxes X
Geometry restored, geometric description!
ãÑ allows compactification, uplift of 4D gauged supergravities.
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Supersymmetry with non-geometric fluxes
Fermionic SUSY variations (NSNS sector)

10D type II sugra: gravitino and dilatino SUSY variations

δψ1,2
M “eAM

ˆ

∇A ¯
1
8HABCΓBC

˙

ε1,2 ,

δρ1,2
“ΓA

ˆ

∇A ¯
1
24HABCΓBC ´ BAφ

˙

ε1,2 ,

Captured by Spin(9,1)ˆSpin(1,9) der. (Gen. Geo., DFT)

δψ1
M “ eAMDAε

1 , δψ2
M “ eAMDAε

2 ,

δρ1
“ ΓADAε1 , δρ2

“ ΓADAε
2 ,

Derivatives allow to reproduce Lagrangian and e.o.m. of
standard sugra. Obtained for β-sugra, L̃β and e.o.m. X
ãÑ use them for SUSY variations:

δψ̃1,2
M “ẽAM

ˆ

∇A ˘ ηAD q∇D
´

1
8ηADηBEηCFR

DEFΓBC
˙

ε1,2

δρ̃1,2
“
`

ΓA∇A ¯ ΓAηAD q∇D
`

1
24ηADηBEηCFR

DEFΓABC

´ ΓABAφ̃¯ ΓAηABpβBCBC φ̃´ T B
q
˘

ε1,2 .
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Compactification, Killing spinor equations and forms
10D space-time = 4DˆMp6Dq, 4D = Mink. or AdS, β: internal.

Np4Dq “ 1 SUSY vacuum: IIA/B
#

ε1
“ ζ` b η

1
` ` ζ´ b η

1
´

ε2
“ ζ` b η

2
¯ ` ζ´ b η

2
˘

δψ1,2
M “ δρ1,2

“ 0 ñ internal Killing spinor equations:
∇aη

1,2
` “

´

¯ηad q∇d
` 1

8ηadηbeηcfR
defγbc

¯

η1,2
` + 2 others

Not simple to solve ñ use forms and G-structures...

Example: SU(3) structure:
η` Ø forms J and Ω: Jmn “ ´iη:`γmnη` , Ωmnp “ ´iη:´γmnpη`
Ø bispinors Φ˘ “ η` b η

:

˘: polyforms:
Φ´ „ Ω, Φ` „ e´iJ

“ 1´ iJ ´ 1
2J ^ J...

Generalization: η1
` ‰ η2

`, SU(3)ˆSU(3) struct., Φ˘ “ η1
` b η

2:
˘

ñ Reexpress the Killing spinor equations...
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` b η

2:
˘

ñ Reexpress the Killing spinor equations...
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SUSY conditions with SU(3)ˆSU(3) structure
Standard SUGRA

:

eφpd´H^qpe´φΦ˘q “ ˘2µRepΦ¯q

eφpd´H^qpe´φΦ¯q “ ˘3i ImpµΦ˘q `RR

(Λ “ ´3|µ|2; no warp factor for simplicity)
hep-th/0505212 by M. Graña, R. Minasian, M. Petrini and A. Tomasiello

Introduce 1
2DΦ ” eφ pd´H^q

´

e´φΦ
¯

“ pBa ¨ e
a
^´f ˛ ´H ^´dφ^qΦ

with H ^ Φ “ 1
3!Habc e

a
^ eb^ ec^ Φ , f ˛ Φ ” 1

2f
c
ab ẽ

a
^ ẽb^ ιcΦ

β-SUGRA: we derived (up to warp factor)
1
2DΦ˘ “ ˘2µRepΦ¯q ,

1
2DΦ¯ “ ˘3i ImpµΦ˘q

1
2DΦ ”

´

Ba ¨ ẽ
a
^`βabBb ¨ ιa ´ f ˛ ´Q ˛ `R_´dφ̃^`pq∇φ̃´ τq_

¯

Φ

with Q ˛ Φ ” 1
2Qa

bc ẽa^ ιb ιcΦ , R_Ap “
1
3!R

abc ιa ιb ιcΦ
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^ ẽb^ ιcΦ

β-SUGRA: we derived (up to warp factor)
1
2DΦ˘ “ ˘2µRepΦ¯q ,

1
2DΦ¯ “ ˘3i ImpµΦ˘q

1
2DΦ ”

´

Ba ¨ ẽ
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Superpotential
4D superpotential after dimensional reduction:

W „

ż

M
xe´φΦ˘ , eφ pd´H^q

`

e´φ Im Φ¯
˘

y `RR

hep-th/0612237 by M. Graña, J. Louis and D. Waldram
arXiv:0707.1038 by P. Koerber and L. Martucci, arXiv:0707.3125 by D. Cassani and A. Bilal

We propose in general:

WNS „

ż

M
xe´φΦ˘ , D Im Φ¯y

For Qabc, Rabc with SU(3) structure, formulas in the literature
hep-th/0602089 by G. Aldazabal, P. G. Cámara, A. Font and L. Ibáñez

arXiv:0705.3410 by M. Ihl, D. Robbins and T. Wrase
arXiv:1306.2761 by R. Blumenhagen, X. Gao, D. Herschmann and P. Shukla

ãÑ we get X agreement (IIA, IIB, het.). For example: IIA:

W̃NS “ ´e
iθ`C

ż

M
e´φ̃

´

i f˛J`1
2 Q˛rpJ^Jq`

i
3! R_rpJ^J^Jq

¯

^Re Ω
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Remarkable properties of D

We showed

for standard SUGRA: DΦ “ 2eφeb^dpe´b^e´φΦq

for β-SUGRA: DΦ “ 2eφ̃eβ_dpe´β_e´φ̃Φq

D: Dirac operator for Spinp6, 6q ˆ R` cov. derivative
(computed in Gen. Geom., DFT)

arXiv:1107.0008 by O. Hohm, S. K. Kwak and B. Zwiebach

arXiv:1304.1472 by D. Geissbühler, D. Marqués, C. Núñez, V. Penas

DΦ “ ΓADAΦ “ ΓA
´

BA `
1
4 ΩADCΓBCηDB ´ 1

2 ΛA
¯

Φ
ΓA: Clifford algebra: tΓA,ΓBu “ 2ηAB, use the
representation ΓA : Γa “ 2ẽa^ , Γa “ 2ιa
ãÑ SUSY conditions „ generalized Dirac equations
D2
“ 0 ô Bianchi identities & 1

3HabcR
abc
` 1

2f
a
abQa

ab
“ 0

Clear for standard supergravity with d´H^
For Q,R: expected from 4D

hep-th/0607015 by J. Shelton, W. Taylor, B. Wecht
arXiv:0705.3410 by M. Ihl, D. Robbins, and T. Wrase

proved in 10D β-supergravity.
Appears in RR fluxes: standard sugra: F „ DC
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ãÑ SUSY conditions „ generalized Dirac equations
D2
“ 0 ô Bianchi identities & 1

3HabcR
abc
` 1

2f
a
abQa

ab
“ 0

Clear for standard supergravity with d´H^
For Q,R: expected from 4D

hep-th/0607015 by J. Shelton, W. Taylor, B. Wecht
arXiv:0705.3410 by M. Ihl, D. Robbins, and T. Wrase

proved in 10D β-supergravity.
Appears in RR fluxes: standard sugra: F „ DC



David
ANDRIOT

Introduction

New flux vacua

β-supergravity

Supersymmetry
Variations

4+6 and forms

SUSY conditions

Superpotential

D

Conclusion

Remarkable properties of D
We showed

for standard SUGRA: DΦ “ 2eφeb^dpe´b^e´φΦq

for β-SUGRA: DΦ “ 2eφ̃eβ_dpe´β_e´φ̃Φq

D: Dirac operator for Spinp6, 6q ˆ R` cov. derivative
(computed in Gen. Geom., DFT)

arXiv:1107.0008 by O. Hohm, S. K. Kwak and B. Zwiebach

arXiv:1304.1472 by D. Geissbühler, D. Marqués, C. Núñez, V. Penas

DΦ “ ΓA

DAΦ “

ΓA

´

BA `
1
4 ΩADCΓBCηDB ´ 1

2 ΛA
¯

Φ

ΓA: Clifford algebra: tΓA,ΓBu “ 2ηAB, use the
representation ΓA : Γa “ 2ẽa^ , Γa “ 2ιa
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New SUSY flux vacua on Mink.ˆsolvmanifold,
first vacua not T-dual to T 6, with localized sources.
Fluxless in smeared limit, M “CY.

β-supergravity L̃βpfabc, Qabc, Rabcq,
provides geometric description of non-geometric bckgds.
Uplift of some 4D gauged sugra, 10D completion of BI
Tools for SUSY vacua: fermionic variations, Killing spinor
equations, forms and SU(3)ˆSU(3) structure
Superpotential, properties of D (gen. Dirac operator)

New geometric vacua: 4D effective theory? New physics...
ãÑ Deformations: de Sitter, inflation?
Math: 6D CY Ñ 7D G2-manifolds
Recovered in arXiv:1507.07352 by V. Manero

β-supergravity extensions: RR sector/heterotic F , b-field...
Symmetries...

Thank you for your attention!
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