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Motivation:

‚ α1 corrections encode truly stringy effects beyond supergravity

‚ usually written with higher powers of Rmnkl and H “ db,

e.g. determined by string S-matrix calculations

‚ very messy. [Metsaev &Tseytlin (1987), Gross & Sloan (1987), Hull & Townsend (1987)]

Is there some principle? T-dualty/U-duality invariance?
[A. Sen (1991), K. Meissner (1996)]

‚ Use double field theory to make T-duality manifest

ñ novel (duality-covariant) gauge principle
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Plan of the talk:

Part I: Two-derivative DFT

‚ Efficient reformulation of supergravity (‘generalized geometry’)

‚ Gauge structure of DFT:

generalized diffeomorphisms, duality-covariantized Courant bracket

Part II: Higher-derivative deformations

‚ exact deformation of gauge structure

‚ physical interpretation on physical subspace

ñ Green-Schwarz mechanism and α1-deformed Courant bracket

‚ further deformations from bosonic closed SFT

‚ Further constraints from E8p8q Exceptional Field Theory ?

‚ Conclusions and Outlook
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Part I: Two-derivative Double Field Theory

Reformulation (Extension?) of spacetime action for massless string fields:

SNS “

ż

dDx
?
´ge´2φ

„

R ` 4pBφq2 ´
1

12
HijkHijk `

1

4
α1RijklRijkl ` ¨ ¨ ¨



generalized metric and doubled coordinates XM “ px̃i, x
iq,

HMN “

˜

gij ´gikbkj

bikg
kj gij ´ bikg

klblj

¸

P OpD,Dq

DFT Action (dilaton density e´2d “ e´2φ?´g ):

SDFT “

ż

d2DX e´2dRpH, dq B̃i“0
ÝÝÝÑ SNS

ˇ

ˇ

α1“0

generalized curvature scalar

R ” 4HMNBMBNd´ BMBNHMN ´ 4HMNBMd BNd` 4BMHMN BNd

`
1

8
HMNBMHKL BNHKL ´

1

2
HMNBMHKL BKHNL
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Gauge transformations and generalized Lie derivatives

In DFT gauge invariance governed by generalized Lie derivatives

pLξHMN “ ξPBPHMN `
`

BMξ
P ´ BP ξM

˘

HPN `
`

BNξ
P ´ BP ξN

˘

HMP

pLξ
`

e´2d˘ “ BM
`

ξMe´2d˘

Invariance and closure, r pLξ1
, pLξ2

s “ pLrξ1,ξ2sC
,

“

ξ1 , ξ2
‰M
C
“ ξN1 BNξ

M
2 ´ ξN2 BNξ

M
1 ´

1

2
ξ1NB

MξN2 `
1

2
ξ2NB

MξN1

modulo strong constraint

ηMNBMBN “ 2B̃iBi “ 0 ηMN “

ˆ

0 1

1 0

˙

solved by

BM “

"

Bi if M “ i
0 else

OpD,Dq covariant, captures IIA/M-theory & IIB simultaneously
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Conventional gauge transformations and Courant bracket

Setting B̃i “ 0 gauge transformations imply for ξM “ pξ̃i, ξ
iq

δg “ Lξg , δb “ dξ̃ ` Lξb

Viewing ξ ` ξ̃ as section in T ‘ T ˚ (‘generalized geometry’)

C-bracket reduces to Courant bracket

”

ξ1 ` ξ̃1, ξ2 ` ξ̃2

ı

“
“

ξ1 , ξ2
‰

` Lξ1
ξ̃2 ´ Lξ2

ξ̃1 ´
1
2d

`

iξ1
ξ̃2 ´ iξ2

ξ̃1
˘

exact term not fixed by closure but by gauge covariance of C-bracket

or ‘B automorphism’ of Courant bracket
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Part II: Higher-derivative deformations

Geometrical structures for generalized vector ξM in α1 “ 0 DFT:

xξ1|ξ2y “ ξM1 ξN2 ηMN ,
“

ξ1, ξ2
‰M

C
“ 2 ξN

r1BNξ
M
2s ´

1

2
ξK1
ÐÑ
B
M
ξ2K

pLξVM “ ξPBPV
M ` pBMξP ´ BP ξ

MqV P

All receive non-trivial higher-derivative corrections:

xξ1|ξ2y “ ξM1 ξN2 ηMN ´ pBNξ
M
1 qpBMξ

N
2 q

“

ξ1, ξ2
‰M

C
“ 2 ξN

r1BNξ
M
2s ´

1

2
ξK1
ÐÑ
B
M
ξ2K `

1

2
pBKξ

L
1 q
ÐÑ
B
M
pBLξ

K
2 q

LξV
M “ ξPBPV

M ` pBMξP ´ BP ξ
MqV P ´ pBMBKξ

LqBLV
K

Closure and gauge invariance exact! (Lξ xV,W y “ ξNBN xV,W y, etc. )

Not removable by OpD,Dq covariant redefinitions
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DFT relations for H P OpD,Dq

pH2qMN ” HMKHK
N “ ηMN TrH ” ηMNHMN “ 0

get deformed ñ dynamical equations!

pM ‹MqMN ” 2pM2qMN ´
1

2
BMMPQBNMPQ ` ¨ ¨ ¨ “ 2ηMN

trM ” ηMNMMN ´ 3BMBNMMN ` ¨ ¨ ¨ “ 0

In derivative expansion:

MMN “ HMN `
1

2
tH,Vp2quMN ` ¨ ¨ ¨ , H2 “ η

ñ dilaton eq. & gravity eq. plus α1 corrections!

Exact gauge invariant action (with deformed products)

S “

ż

eφ
`

TrM´
1

3
M3 ` ¨ ¨ ¨

˘
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Interpretation on physical subspace?

(Perturbative) analysis shows that b-field transforms as

δξ`ξ̃ b “ dξ̃ ` Lξb ` 1
2 tr

`

dpBξq ^ Γ
˘

with (Christoffel) connection 1-form pΓqkl ” Γ k
il dx

i

deformed gauge invariant 3-form curvature

pHpb,Γq “ db` 1
2 ΩpΓq , ΩpΓq “ tr

`

Γ^ dΓ` 2
3 Γ^ Γ^ Γ

˘

ñ Green-Schwarz anomaly cancellation mechanism of heterotic string

but with deformed diffeomorphisms rather than deformed Lorentz
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Deformation of Courant bracket

Deformed gauge transformations close according to bracket

”

ξ1 ` ξ̃1, ξ2 ` ξ̃2

ı1
“

“

ξ1 , ξ2
‰

` Lξ1
ξ̃2 ´ Lξ2

ξ̃1 ´
1
2d

`

iξ1
ξ̃2 ´ iξ2

ξ̃1
˘

´ 1
2

`

ϕ̃pξ1, ξ2q ´ ϕ̃pξ2, ξ1q
˘

with the map ϕ̃ that produces a ‘one-form’ from 2 vectors

ϕ̃pV,W q ” tr
`

dpBV qBW
˘

” BiBkV
lBlW

kdxi

not genuine 1-form ñ anomalous transformation under diffeomorphisms

Bracket covariant under deformed diffeomorphisms

δξ`ξ̃ Ṽ ” LξṼ ´ iV dξ̃ ´ ϕ̃p ξ, V q
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α1 Corrections for Bosonic Strings and Closed SFT

α1 corrections for bosonic string (Riemann-sq.) ? (Z2 invariant bÑ ´b)

Closed bosonic SFT ñ deformed gauge algebra for cubic theory

“

ξ1, ξ2
‰M
`
“

“

ξ1, ξ2
‰M
C
` 1

2 H̄KLKr1K
P BMK2sLP

with KMN “ 2BrMξN s and background generalized metric H̄MN

ñ α1-deformed diffeomorpisms as implied by (perturbative) redefinition

h1ij “ hij ´
1
4 α

1 Bkhi
p Bkhjp ` ¨ ¨ ¨ ,

agrees with earlier results on duality-invariant Riemann-sq.
[Meissner (1996), Hohm & Zwiebach (2011)]

More general Z2 even/odd deformations (with parameters γ˘)

“

ξ1, ξ2
‰M
α1
“

“

ξ1, ξ2
‰M
C
` 1

2

`

γ`H̄KL ´ γ´ηKL
˘

Kr1K
P BMK2sLP
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Cubic Action

S “ Sp2,2q ` Sp3,2q

` 1
4 R M NK̄L̄R M NK̄L̄ `

1
4 φR M NK̄L̄R M NK̄L̄

´ 1
8

`

Γ PM̄N̄ ΓM̄
K L B PΓN̄ K L ´ ΓP̄ M N Γ M

K̄L̄ BP̄Γ NK̄L̄

´ ΓM̄ K LΓN̄ K L BM̄ΓN̄ ` Γ M
K̄L̄Γ NK̄L̄ B MΓ N

˘

´ 1
2 R M NK̄L̄ΓK̄ M P ΓL̄ N

P `
1
2 R K LM̄N̄ Γ KM̄P̄ Γ LN̄

P̄

´ 1
2m MN̄ R M KP̄Q̄ BN̄Γ KP̄Q̄ `

1
2m MN̄ R P QN̄K̄ B MΓK̄ P Q

` 1
2 R M NK̄L̄ B

Pm MK̄ B Pm
NL̄ .
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E8p8q Exceptional Field Theory

[Hohm & Samtleben (2013–2014), completing earlier work by de Wit & Nicolai (1986),

Hillmann (2009), Berman & Perry (2011), Strickland-Constable, Coimbra & Waldram (2011) ]

Field content:
 

eµ
a , VMM , Aµ

M , BµM
(

M “ 1, . . . ,248

depending on coordinates pxµ, YMq, µ “ 0,1,2, subject to

`

P1`248`3875
˘

MN
KLBK b BL “ 0

Generalized Lie derivative

LpΛ,ΣqV
M ” ΛKBKV

M ´ fMNP f
PK

L BKΛL V N ´ΣLf
LM

NV
N

Vectors gauge fields for local Λ, Σ symmetries

Dµ ” Bµ ´ LpAµ,Bµq
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Complete E8p8q covariant bosonic action

S “

ż

d3x d248Y e

ˆ

pR ` e´1LCS `
1

240
gµνDµMMNDνMMN ´ V pM, gq

˙

(generalized) Chern-Simons term (FM “ dAM `¨ ¨ ¨ , GM “ dBM `¨ ¨ ¨ )

SCS 9

ż

Σ4

d4x

ż

d248Y
´

FM ^ GM ´
1

2
fMN

KFM ^ BKFN
¯

‘Potential’ term:

V pM, gq “ ´
1

240
MMNBMMKL BNMKL `

1

2
MMNBMMKLBLMNK

`
1

7200
fNQPf

MS
RMPKBMMQKMRLBNMSL ` ¨ ¨ ¨

reduces to 1) D “ 11 supergravity or 2) type IIB supergravity

dual graviton components drop out No dual graviton problem!
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Summary & Outlook

‚ DFT provides strikingly economic reformulation of supergravity

‚ Beyond supergravity (non-zero α1): duality covariance requires

novel field variables with non-standard diffeomorphisms

‚ However, usual diffeomorphism covariance replaced by

duality-covariant gauge principle

‚ so far only partial results:

background-independent extension for bosonic strings?

Field-dependent gauge algebra? Higher order in α1?

Type II Strings and M-theory extensions?

‚ Extension to ‘Exceptional Field Theory’
with exceptional duality groups E6p6q, E7p7q, E8p8q, . . . ?
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