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Introduction
Non-geometric fluxes in supergravity (sugra); NSNS: Qa

bc,Rabc

In 4D gauged sugra: some components of embedding tensor
ô some “structure constants” in gauging algebra

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

hep-th/0210209, hep-th/0512005 by A. Dabholkar, C. Hull

ñ specific terms in 4D super/scalar potential, X for pheno !
Moduli stabilisation, de Sitter solutions:
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

ãÑ Have Q-, R-flux in 10D? Find directly 10D solutions with
non-geometric fluxes, and compactify to 4D?
More tools, ingredients, for phenomenology...
10D theory? Standard sugra, NSNS sector: LNSNSpHabc, f a

bcq
Qa

bc, Rabc ? Should arise from LNSNS with 10D non-geometry...
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

Here: new 10D L̃βpQa
bc, Rabc, f a

bcq on standard geometry
NSNS of “ β-supergravity ”, a reformulation of standard sugra
Aim: L̃β provides a clear 10D uplift of some 4D gauged sugra
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L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Obtaining the Lag. L̃β in curved indices
Reformulation of LNSNS via a field redefinition
Build on earlier results: arXiv:1303.0251 by D. A.

arXiv:1106.4015 by D. A., M. Larfors, D. Lüst, P. Patalong

arXiv:1202.3060, arXiv:1204.1979 by D. A., O. Hohm, M. Larfors, D. Lüst, P. Patalong

See also related work in: 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

H “

ˆ

g ´ bg´1b ´bg´1

g´1b g´1

˙

“

ET I E

“

ẼT I Ẽ

“

ˆ

g̃ g̃β
´βg̃ g̃´1

´ βg̃β

˙

E “
ˆ

e 0
e´T b e´T

˙

, Ẽ “
ˆ

ẽ ẽβ
0 ẽ´T

˙

, I “
ˆ

ηd 0
0 η´1

d

˙

,
g “ eTηde

g̃ “ ẽTηd ẽ

β w.r.t. Q, R: motivations from Gen. Complex Geom./sugra
hep-th/0609084, arXiv:0708.2392 by P. Grange, S. Schäfer-Nameki

arXiv:0807.4527 by M. Graña, R. Minasian, M. Petrini, D. Waldram
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Idea: field redef. pgmn, bmn, φq Ø pg̃mn, β
mn, φ̃q, β antisym.

g̃´1
“ pg ` bq´1gpg ´ bq´1
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“ pg̃´1
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e´2φ̃

e´2φ
“
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|g|
a

|g̃|

ô reparametrization of gen. metric H, i.e. new gen. vielbein
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e 0
e´T b e´T

˙

, Ẽ “
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ẽ ẽβ
0 ẽ´T

˙

, I “
ˆ

ηd 0
0 η´1

d

˙

,
g “ eTηde

g̃ “ ẽTηd ẽ

β w.r.t. Q, R: motivations from Gen. Complex Geom./sugra
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Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?
Double Field Theory (DFT): better organisation, diffeom. cov.

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?
Double Field Theory (DFT): better organisation, diffeom. cov.

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?
Double Field Theory (DFT): better organisation, diffeom. cov.

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?
Double Field Theory (DFT): better organisation, diffeom. cov.

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?
Double Field Theory (DFT): better organisation, diffeom. cov.

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?

Double Field Theory (DFT): better organisation, diffeom. cov.
arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?
Double Field Theory (DFT): better organisation, diffeom. cov.

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q

LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?
Double Field Theory (DFT): better organisation, diffeom. cov.

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?
Double Field Theory (DFT): better organisation, diffeom. cov.

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?
Double Field Theory (DFT): better organisation, diffeom. cov.

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?
Double Field Theory (DFT): better organisation, diffeom. cov.

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices
Field redef.

Lagrangians

L̃β in flat
indices

Comments

Apply the field redefinition to LNSNS

LNSNS “ e´2φ
a

|g|
ˆ

Rpgq ` 4pBφq2 ´ 1
2H 2

˙

, Hmnp ” 3Brmbnps

LDFTpg, b, φq LDFTpg̃, β, φ̃q LDFTpR, qRq ` Bp.q ` B̃p.q

LNSNS ` Bp. . . q

B̃“0

L̃0 ` Bp. . . q

B̃“0

L̃β ` Bp. . . q

B̃“0

L̃0 “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4 lines
˙

, Rmnp
“ 3βqrm∇qβ

nps

` 4g̃mnβ
mpβnq

Bpd Bqd ´ 2Bpd Bq pg̃mnβ
mpβnq

q

´
1
4 g̃mpg̃nq g̃rs

Brβ
pq
Bsβ

mn
`

1
2 g̃mnBpβ

qm
Bqβ

pn

` g̃nq g̃rsβ
nm`

Bpβ
qr
Bm g̃ps

` Bpg̃qr
Bmβ

ps˘

´
1
4 g̃mpg̃nq g̃rs

`

βruβsv
Bu g̃pq

Bv g̃mn
´ 2βmuβnv

Bu g̃qr
Bv g̃ps˘

˙

Comparison of L̃0 to 4D potential: Q-flux term, Qm
np
„ Bmβ

np ?
Double Field Theory (DFT): better organisation, diffeom. cov.

arXiv:0904.4664, arXiv:0908.1792 by C. Hull, B. Zwiebach

arXiv:1003.5027, arXiv:1006.4823 by O. Hohm, C. Hull, B. Zwiebach

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ´ 1
2R2

` 4pβmp
Bpφ̃´ T m

q
2
` qRpg̃q

˙

qR “ g̃mn qRmn , qRmn
“ ´βpq

BqqΓmn
p ` βmq

BqqΓpn
p ` qΓmn

p qΓqp
q ´ qΓqm

p qΓpn
q

2qΓmn
p “ g̃pq pβ

rm
Br g̃nq

` βrn
Br g̃mq

´ βrq
Br g̃mn

q ` 2g̃pq g̃rpm
Brβ

nqq
´ Bpβ

mn

q∇mV p
“ ´βmn

BnV p
´ qΓmp

n V n , q∇mVp “ ´β
mn
BnVp ` qΓmn

p Vn

Where/what is the 10D Q-flux?



David
ANDRIOT

Introduction

L̃β in curved
indices

L̃β in flat
indices
Q-flux

More structure

Comments

The Lag. L̃β in flat indices and the Q-flux
Higher dimensional realisation of 4D fluxes: with flat indices
Arguments in favor: “structure constants” of gauging algebra...

10D H -, R-flux: tensors Ñ Habc “ em
aen

bep
cHmnp, Rabc

“ . . .

10D f a
bc “ 2ẽa

mBrbẽm
cs is not a tensor; 10D Q-flux ?

Qc
ab
“ Bcβ

ab
´ 2βdraf bs

cd
arXiv:0807.4527 by M. Graña, R. Minasian, M. Petrini, D. Waldram

arXiv:1109.0290 by G. Aldazabal, W. Baron, D. Marqués, C. Núñez

Not a tensor ñ no clear curved indices counterpart
ñ Q-flux not seen before in 10D Lagrangian
Rewrite L̃β in flat indices with Qa

bc

L̃β “ e´2φ̃
a

|g̃|
ˆ

Rpg̃q ` 4pBφ̃q2 ` 4pβab
Bbφ̃´ T a

q
2
´

1
2R2

´
1
2ηabRacdf b

cd ` 2ηabβ
ad
BdQc

bc
´ ηcdQa

acQb
bd

´
1
4
`

2ηcdQa
bcQb

ad
` ηadηbeηcgQa

bcQd
eg˘

˙

Nice structure w.r.t. 4D, with Qa
ab
“ 0

Finally get a 10D theory (β-supergravity)
with non-geometric fluxes precisely identified
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mBrbẽm
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m ` ẽc
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c ` ẽp
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m ` ẽc
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ẽa
m ẽn
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Final comments and outlook
10D theory (NSNS sector of “ β-supergravity ”)
L̃βpQa

bc, Rabc, f a
bcq, with Qc

ab
“ Bcβ

ab
´ 2βdraf bs

cd

Matching with 4D gauged sugra? Arguments in favor:
- partial dimensional reduction promising
- comparison with DFT

arXiv:1109.0290 by G. Aldazabal, W. Baron, D. Marqués, C. Núñez

arXiv:1109.4280 by D. Geissbühler, arXiv:1201.2924 by M. Graña, D. Marqués

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

- matching with 10D oxidation (up to redef. scalar fields)
arXiv:1306.2761 by R. Blumenhagen, X. Gao, D. Herschmann, P. Shukla

Equations of motion X ñ new (purely NSNS) solutions?
(Q-brane) arXiv:1303.1413 by F. Hassler, D. Lüst

Symmetries, gauge transformation of β worked-out
Extensions to/beyond β-supergravity:
- Other sectors (fermions, Ramond-Ramond, heterotic...)?
- New (exotic) branes?

arXiv:1004.2521, arXiv 1209.6056 by J. de Boer, M. Shigemori

arXiv:1109.4484 by E. A. Bergshoeff, T. Ortin, F. Riccioni

arXiv:1303.1413 by F. Hassler, D. Lüst- Add a b-field?
ãÑ Get new interesting 10D backgrounds...
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The 4d scalar potential
Split 10d ñ 4d max. sym. space-time ˆ 6d compact M
Compactification ansatz: ds2

10 “ ds2
4 ` ds2

6 (no warp factor),
b, β purely internal

Only two 4d scalar fields: volume ρ and dilaton σ:
g̃6mn “ ρ g̃p0q6mn , e´φ̃

“ e´φ̃p0q σρ´
3
2 , eφ̃p0q

“ gs

ãÑ in S10D “
1

2κ2

ş

d10x L, integrate 6d, go to 4d Einstein fr.:
SE “ M 2

4
ş

d4x
a

|gE |
´

RE
4 ` kin´ 1

M2
4

V pρ, σq
¯

arXiv:0712.1196 by E. Silverstein

where the most general (NSNS) potential:
V pρ, σq “ σ´2 `ρ´3 VH ` ρ

´1 VR ` ρ VQ ` ρ
3 VR

˘

arXiv:0711.2512 by M. P. Hertzberg, S. Kachru, W. Taylor, M. Tegmark

With L “ L̃β , we get the X 4d potential

VR “
M 2

4

4v0

ż

dx6
b

|g̃p0q
p6q | η

be
´

ηadη
cg f a

bcf d
eg ` 2 f a

cbf c
ae

¯

VQ “
M 2

4

4v0

ż

dx6
b

|g̃p0q
p6q | ηbe

´

ηadηcg Qa
bcQd

eg
` 2 Qa

cbQc
ae
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