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Nongeometric fluxes in 4d and 10d

Nongeometric fluxes in NSNS sector: Qa
bc , Rabc

4d gauged supergravities

appearance:
embedding tensor
structure constants in the gauge algebras
T-duality invariant super/scalar potential Shelton, Taylor & Wecht ’06

Dabholkar & Hull ’02, ’05

advantage:
moduli stabilization
find dS solutions Shelton, Taylor & Wecht ’05

Micu, Palti & Tasinato ’07
Danielsson, et al ’12, ’13

Damian, et al ’13

How does the picture look like in 10d?
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Nongeometric fluxes in 4d and 10d

10d supergravities

appearance:
non, there is just standard supergravity

LNSNS ” e´2φ
a

|g |
`

Rpgq ` 4pBφq2 ´ 1
2H2˘

with NS-fluxes f a
bc , Habc (and possible RR-flux F )

but, related to T-dual configurations of geometric vacua
e.g. 2 T-dualities on the torus with H-flux
metric g and b-field b experience monodromies

Hellerman, McGreevy & B. Williams ’02
Dabholkar & Hull ’02

Flournoy, Wecht & Williams ’04advantages of β-supergravity:
10d solutions and possible compactifications
uplift of 4d gauged supergravities with nongeometric fluxes

How do we make non-geometric fluxes appear in 10d?
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Reformulation of LNSNS
basic idea:

field redefinition pgmn, bmn, φq Ø pg̃mn, β
mn, φ̃q

Andriot, Larfors, Lüst & Patalong ’11

motivation:
β related to nongeomtric fluxes Q and R

Grange & Schäfer-Nameki ’06, ’07
Graña, Minasian, Petrini & Waldram ’08

reparametrization of the gen. metric and the dilaton in GCG

H “

ˆ

g ´ bg´1b ´bg´1

g´1b g´1

˙

“

ˆ

g̃ g̃β
´βg̃ g̃´1 ´ βg̃β

˙

, e´2d “

#

e´2φ
a

|g |
e´2φ̃

a

|g̃ |
result of direct calculation (rewritting):

L̃0 “ e´2φ̃
a

|g̃ |
`

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2 ` 4linespB, g̃ , βq

˘

,Rmnp “ 3βqrm∇qβ
nps

Andriot, Hohm, Larfors, Lüst & Patalong ’12

also derived from a manifest diffeo. invariant LDFT pR, qRq
Can we actually see and learn more about the Q-flux from

generalized geometry?
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Opd , dq ˆ R` structures and a generalized vielbein with β

generalized tangent bundle E in GCG
E – TM ‘ T˚M

Hitchin ’02 & Gualtieri ’04

conformal split frames with b

or β

e´2d EA “

#

e´2d Ea “ e´2φ
a

|g | pBa ` babebq

e´2d Ea “ e´2φ
a

|g | ea , E “
ˆ

e 0
e´Tb e´T

˙

Coimbra, Strickland-Constable & Waldram ’11

e´2d ẼA “

#

e´2d Ẽa “ e´2φ̃
a

|g̃ | Ba
e´2d Ẽa “ e´2φ̃

a

|g̃ | pẽa ` βabBbq
, Ẽ “

ˆ

ẽ ẽβ
0 ẽ´T

˙

fibration of the generalized bundle
a generalized connection on TM ‘ T˚M ˆ R`

DAV B “ BAV B ` Ω̂A
B

CV C
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0 ẽ´T

˙

fibration of the generalized bundle
a generalized connection on TM ‘ T˚M ˆ R`

DAV B “ BAV B ` Ω̂A
B

CV C

André Betz Max-Planck-Institute for Physics Munich

β-supergravity: geometric framework, NS-branes and Bianchi identities with non-geometric fluxes



Motivation β-supergravity and Generalized Geometry Bianchi identities and NS-branes Conclusion & Outlook

Opd , dq ˆ R` structures and a generalized vielbein with β

generalized tangent bundle E in GCG
E – TM ‘ T˚M

Hitchin ’02 & Gualtieri ’04
conformal split frames with b or β

e´2d EA “

#

e´2d Ea “ e´2φ
a

|g | pBa ` babebq

e´2d Ea “ e´2φ
a

|g | ea , E “
ˆ

e 0
e´Tb e´T

˙

Coimbra, Strickland-Constable & Waldram ’11

e´2d ẼA “
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Generalized connections with non-geometric fluxes
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3Rabcvc Ẽb ´ ξ
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2
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new covariant derivative based on β
q∇avb “ ´βacBcvb ` ωQ

ab
c v c , q∇avb “ ´β

acBcvb ´ ωQ
ac
b vc
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Calculation of L̃β and the equations of motion

L̃β with nongeometric ´ 1
4Sε` “

´

γaDaγ
bDb ´ ηabDaDb

¯

ε`

fluxes Qa
bc and Rabc

S “ e2d L̃β ` e2d Bp. . . q

new scalar curvature for the Q-flux (analogue to f -flux)

RQ “ 2ηabβ
adBdQc

bc´ηcdQa
acQb

bd´ 1
2ηcdQa

bcQb
ad´ 1

4η
adηbeηcf Qa

bcQd
ef

its equations of motion
e.o.m for φ̃ (S “ 0)
Einstein equation (Rpabq “ 0) 1

2Rabγ
aε` “ rγaDa,Dbsε

`

1
2Rba ´

1
2ηepaηbqg

qRge ` 1
8ηaeηbgηif ηcdR igcRdfe

`∇b∇aφ̃´ ηepaηbqg
q∇g pq∇e φ̃q ´ ηepaηbqg

q∇gT e “ 0

e.o.m for β (Rrabs “ 0)

Has been worked out in terms of the nongeometric fluxes!
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NSNS Bianchi identities without sources

Bianchi identity for H-flux in standard supergravity

DA “ 2eφpd´H^qpe´φAq , D2 “ 0 ô d2 “ 0 and dH “ 0

Dirac operator for Spinpd , dq ˆ R` structure

DΨ “ ΓADAΨ “ ΓA`BA `
1
4ΩABC ΓBC ´ 1

2ΛA
˘

Ψ

Bianchi identities for Q- and R-flux in β-supergravity

DA “ 2eφ̃p∇a ¨ ẽa ^´q∇a ¨ ιa ` T _`R_qpe´φ̃Aq ,

D2 “ 0 ô

$

’

’

’

’

&

’

’

’

’

%

Brbf a
cds ´ f a

erbf e
cds “ 0

BraQf s
de ´ βgrdBg f es

af ´
1
2Qg

de f g
af ` 2Qragrd f es

f sg “ 0
BaRghi ´ 3βdrgBdQa

his ` 3Rdrghf is
ad ´ 3Qa

drgQd
his “ 0

βgrdBgRabcs ` 3
2RgrdaQg

bcs “ 0
Blumenhagen, Deser, Plauschinn & Rennecke ’12
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sourced corrected Bianchi identities for NS-branes
chain of NS-branes

NS5´brane

smearing
ÝÝÝÝÝÝÑ
T´duality

KK´mono. smearing
ÝÝÝÝÝÝÑ
T´duality

Q´brane smearing
ÝÝÝÝÝÝÝÑ
T´duality?

R´brane?

Hassler, Lüst ’13

smearing warp factors and Poisson equations
$

’

’

’

’

&

’

’

’

’

%

fH“const ` q
r2
4

fK “const ` qπ
r3

fQ“const ´ 2qπ ln r2
fR“const ´ 2qπ2|r1|

Ó

ż

ùñ ∆i f “c δpiqpri q

source corrected Bianchi identities

(for the Q-brane)

BraHbcds ´
3
2 f e

rabHcdse “
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Conclusion:

Q-flux enters a new covariant derivative q∇ in β-supergravity

D2=0 ô sourceless Bianchi identities with nongeometric flux

source corrected Bianchi identities by Poisson equation

Further results:
dimensional reduction to 4d
analysis of pure NSNS solutions with Minkowski background
consistent class of (non)geometric backgrounds with isometries

Outlook:
SUSY transf. in β-supergravity using Dirac operator D
extend to other sectors and look for new solutions
possible R-brane? even codim. 0 NS-brane?
corresponding branes in DFT localized in winding coordinates
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