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Motivation:

o/ corrections encode truly stringy effects beyond supergravity

usually written with higher powers of R,,,,,.; and H = db,
e.g. determined by string S-matrix calculations

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

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

Use double field theory to make T-duality manifest
= novel (duality-covariant) gauge principle



Plan of the talk:

Part I: Two-derivative DFT

e Efficient reformulation of supergravity (‘generalized geometry’)

e Gauge structure of DFT:
generalized diffeomorphisms, duality-covariantized Courant bracket

Part Il: Higher-derivative deformations

exact deformation of gauge structure

physical interpretation on physical subspace
= Green-Schwarz mechanism and o’-deformed Courant bracket

further deformations from bosonic closed SFT

Further constraints from Eg g) Exceptional Field Theory ?

Conclusions and Outlook



Part |: Two-derivative Double Field Theory

Reformulation (Extension?) of spacetime action for massless string fields:
B 1 .. 1 .
SNS = JdD:B«/—ge 2¢ [R + 4(5(/5)2 — EHZ]kHijk + ZO&’Rz]klRijkl + - ]

generalized metric and doubled coordinates XM — (%4, %),

1] —q'kp, .
HyN = (bg ks ) e O(D, D)

k™ gij — birg"loy;
DFT Action (dilaton density e =29 = ¢=2¢,/—¢):
SDFT = JdQDX 2R, d) T SNS| o
generalized curvature scalar

R = 4HMNO ond — OgpoNHMY — aHMN oy dond + 40 HMN onvd

1 1
+ é HMNaM%KL ONHEKT — EHMNaMHKL Ok HNT,



Gauge transformations and generalized Lie derivatives

In DFT gauge invariance governed by generalized Lie derivatives

E{HMN = fpﬁp’HMN + (5M§P — aPgM) Hpn + (ang — aPgN) Hyrp
2& (€—2d> _ &M (fMe_Qd)
Invariance and closure, [251, 252] = 2[51,52](:,

1 1
| ¢1, fz]lg = &1 ones — &b oneY! — ZenoMed + ZeonaMer
2 2

modulo strong constraint

iy O 1
Moy 0N = 200; = 0 NMN = (1 O)

solved by

N Y
M 0 else

O(D, D) covariant, captures 1I1A/M-theory & 1IB simultaneously



Conventional gauge transformations and Courant bracket

Setting ¢¢ = 0 gauge transformations imply for ¢M = (&, ¢%)
og = Leg , b = d€+£§b

Viewing & + £ as section in T @ T* (‘generalized geometry’)
C-bracket reduces to Courant bracket

[51 +£1,60 + 52] = &1, & | + Lebo— L& — (Zglfz — i, 1)

exact term not fixed by closure but by gauge covariance of C-bracket
or ‘B automorphism’ of Courant bracket



Part |I: Higher-derivative deformations

Geometrical structures for generalized vector ¢M in o/ = 0 DFT:

M 1 M
116> = 1 nunN [61752]0 = 25{}751\/5% — 55{( 0 &k
LevM = ePopvM 4 (Mep — apeMyv T
All receive non-trivial higher-derivative corrections:

(&1)€2) = el N — (OneEM) (0prE8)

1 «—> 1 <«
[51752]24 = 25%@\[5% - 55{{ 0 M€2K + 5(51?(5%) 0 M@Lfé{)
LY = ¢PopvM 4 (0Mep — opeM )V — (0Mogeh)ovi

Closure and gauge invariance exact! (L¢(V, W) = NN (V, W, etc.)

Not removable by O(D, D) covariant redefinitions



DFT relations for H € O(D, D)
(H) N = HurHEN = nun TrH = M¥Hyy =0

get deformed = dynamical equations!

1
(M* M)y = 2(M?) - §5MMPQ5NMPQ +- = 2nyN

trM = MV My — 3000 MM L0 = 0

In derivative expansion:
1
Mun = Hun + 5{7'[7V(2)}MN +o, HZ=n1

= dilaton eq. & gravity eq. plus o’ corrections!
Exact gauge invariant action (with deformed products)

SzJe¢(TrM—%M3+-“)



Interpretation on physical subspace?

(Perturbative) analysis shows that b-field transforms as

Sc.gb = d€ + Leb + Sir(d(0€) AT)

§+¢

with (Christoffel) connection 1-form (I")¥; = " ¥ dz?

deformed gauge invariant 3-form curvature
H(b,T) = db+5Q(M), Q) =tr(FTAadi+20 AT AT)

= (@Green-Schwarz anomaly cancellation mechanism of heterotic string
but with deformed diffeomorphisms rather than deformed Lorentz




Deformation of Courant bracket

Deformed gauge transformations close according to bracket

[51 +£1,60 + 52]/ = [&1.&] + L¢80 — L& — 5d(ig, &2 — ie,€1)
—5(¢(é1,€2) — @lé2,61))

with the map ¢ that produces a ‘one-form’ from 2 vectors
F(V,W) = tr(d(aV)oW) = 0;0,V'eWhda’

not genuine 1-form = anomalous transformation under diffeomorphisms

Bracket covariant under deformed diffeomorphisms

SereV = LeV —iydd — (&, V)
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o’ Corrections for Bosonic Strings and Closed SFT

o/ corrections for bosonic string (Riemann-sqg.) ?  (Z» invariant b — —b)

Closed bosonic SFT = deformed gauge algebra for cubic theory

(1. ]V = e, 15 + L ARKL Ky (P oMKy p

with Ky v = 20),€ ) @and background generalized metric Hyn

= o/-deformed diffeomorpisms as implied by (perturbative) redefinition
1 k
h;] = hz’j — Za’ékhip& hjp + -

agrees with earlier results on duality-invariant Riemann-sg.
[Meissner (1996), Hohm & Zwiebach (2011)]
More general Z» even/odd deformations (with parameters ~+)

[ €1, 52]2{ = &, 52]?74 + 5 (VAR =) K[lKP&MKQ]LP
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Cubic Action
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Eg(s) 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:  {e,®, Va/ %, A, By} M=1,...,248
depending on coordinates (z*,Y™), = 0,1, 2, subject to
(P11248+3875) 3y n "0k ® 0 = O
Generalized Lie derivative
]L(/\,Z)VM = Nog VM — M yp PR Lo NtV — s pEM GV

Vectors gauge fields for local A, > symmetries

Dp = 0u =148,
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Complete Eg(g) covariant bosonic action

~ 1
S = fd:%a: d248y e (R + e_lﬁCS + %QMVDMMMNDVMMN — V(M,g))

(generalized) Chern-Simons term (FM = dAM + ... Gyy = dBy;+ - -)
1
Scs o f d*z Jd248Y (]—“M AGu — EfMNK]—“M A aKfN)
24

‘Potential’ term:

1 1
V(M,g) = — %MMN&MMKL ONMpr + §MMN8MMKL&LMNK

1
=500 LS g MR oy Mg MEoN Mgy, + - -

reduces to 1) D = 11 supergravity or 2) type |IB 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 «'): 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 o/?
Type Il Strings and M-theory extensions?

Extension to ‘Exceptional Field Theory’
with exceptional duality groups Eg 6, E7(7), Eg(g), --- 7
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