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Plan of the talk:

Review of double field theory
Exceptional field theory for E6(6> : M-theory and type |IB
Exceptional field theory for E;(7): new fields and dual graviton

Exceptional field theory for Eg g & SL(2, R) Ehlers group
in D = 4 Einstein gravity



Review 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

EgﬂMN = PopHyn + (Oper — 0V¢n) Hpw + (Oner — dFen) Hup
Eg (e_2d> _ éM (€M8—2d)

Invariance and closure, [/351, 252] = 2[51752]0 modulo strong constraint

- O 1
M N ooy =280, =0 NMN = (1 O)

C-bracket

1
[51752]]\04 = ones — ZendMey — (1 - 2)
2

non-trivial Jacobiator non-zero but ‘trivial’

1
[[51752]0753]]\04 +cycl. = gﬁM <[€1,€2]g€3N + CyC|.)
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Kaluza-Klein rewriting of Double Field Theory

D =n+dsplit XM = (7, *, YM), M = 1,...2d, setting o* = 0

H]\ZN’d — {g,uu,B,uV7§baHMNaAMM}

Gauge structure given by D-bracket [A, - | ; = La:

SAAM = 0,AM 1+ [N AL
Naive curvature not gauge covariant,
Fu™ = 20, A, —[A, A)]Y = aFwM = LaFM+0M (0,AN A, )
— compensating 2-form potential [‘tensor hierarchy’, de wit, Samtleben ]

f/u/M — FM]/M — aMB,uy



Covariant field strength for 2-form [ Dy, = 0, — A,Mopp + -+ ]

1

N
n>vp N~ §A[MN[AV’AP]]C)

/H,Lu/p = 3<D[ B ]+A[MN&VAP]
satisfying Bianchi identity
M M
3D[M.pr] + 5 %M]/p — O

Complete DFT action in Kaluza-Klein variables:

N 1
S = fdna: d2%y e e~ 2® (R + 49" DDy — EH’LWPHMVp
1 1
+ 59" VD HM N DyH N — ZHMNF" M Pt — V)
with ‘potential’

1
Vg, H,g) = —R(¢, ’H)——HMNaMgW ON G

c.f. Maharana-Schwarz [1993]; but includes ‘internal’ Y™ = (§,, y™)
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Analogue for 11-dimensional supergravity/M-theory?

Cremmer-dJulia [1979]: torus reduction of D = 11 SUGRA
Larger mathematical framework that explains/makes it manifest?

Hillmann [2009]: truncation of D = 11 SUGRA in 4 + 7 split,
keeping only ‘internal’ field components and coordinates,

2A
e“ =Ny 0
Guyn = ( ) , etc.
0 gmn(y)

extending coordinates to fundamental 56 = E; 7 covariant action

more recently: other groups, geometry, covariant section constraints, etc.
[Berman & Perry (2010), Coimbra, Strickland-Constable & Waldram (2011), etc.]

Complete D = 11 SUGRA?? duality transformations in D = 11?7




Exceptional Field Theory I: E6<6>

Coordinates («#,Y), p = 0,...,4, M : fundamental 27 of E4 g,
Invariant tensors under 27 and dual 27: dy;n 5, dMNVE

Section constraint: [Coimbra et.al. (2011), Berman et.al. (2012)]

dMNE o @0k = 0

Generalized Lie derivative

LAVM = AR v M _ePM (K 0 b ALV 4+ X opnP v M

K

with projector PM 5 ; onto adjoint;  A\(V') density weight.

Closure, [ILa,, LA, | = LiA; Asle: according to ‘E-bracket’

M
(A1, A2]g = zAﬁaK/\%— 10dMNPdKLP/\f§&N/\§]

Non-trivial (but ‘trivial’) Jacobiator

TM(AL, Ao, A3) oc dME R, (dRpL( [A1, AD]E AL + cycl.)
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Fields transform with Eg ) gen. Lie derivatives w.rt. AY (z,Y)
A,M gauge field for local AM: 5AM =D, A\M

Covariant curvature

flu,/M — Qﬁ[uAl/]M — [A,u, Ay]lg + 10 dMNK&KBWN

3-form field strength 7—[<3)M of 2-forms by generalized Bianchi identity

3D, Fy M = 10d"V Ko, N

Complete action for fields (e,%, My, AuM, Buyar), M e Eo(6):
~ 1
S = fd% d°7Y e (R + ig“”DMMMN Dy My N

1
_ ZMMN]-"WM]-"WN + e Uiop — V(M, e)>



Topological CS-like term:

St0p ZHJd27YJ (dMNKFM/\.FN/\.FK —4OdMNK7'[M /\aNHK)
Me

‘Potential’ term:

1 1
Vo= EMMNﬁMMKLﬁLMNK - 2—4MMN8MMKL8NMKL

1 1
— 6_15M6 &NMMN — g./\/lMNe_l&Me 6_1@]\]6 — 3—2MMN3MQMV@NQMV

Solving section constraint: reduce Eg ¢) under SL(6) x SL(2):
27 — (15,1) + (6,2)
1) 6 coordinates from SL(2) doublet = D = 11 supergravity

2) break to SL(5) = 5 coordinates from 15 = unbroken SL(2): 1IB sugra

‘unification’ of M-theory and type IIB, c.f. type || DFT
[Hohm, Ki Kwak, Zwiebach (2011)]
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Es) EFT in D = 5+27

with section constraint

D = 11 supergravity

O =0

IIB supergravity

\4

TS

maximal D = 5 supergravity
coset Esgi) / USp(8)
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Exceptional Field Theory II: E7 (7

Coordinates (z#,YM), u = 0,...,3, M : fundamental 56 of E7(7)
(ta)"Noyy@oy =0, QMo ®oy =0

with QM symplectic form of E7(7) = Sp(56)

Generalized Lie derivatives .y — E7 (7 bracket

M ) 1
(A1, A2 = QAﬁaKA%JrlQ(tQ)MN(t )KL/\ﬁaN/\g]_Z

QYN Q e on (AFAS)
Jacobiator

TN, A2, A3) = ()M anxa(N) + QMY xN(N)
where

1 1
Xo = ) (ta)PQ/\lp[/\Q,/\3]g+‘ "y, XN = EQPQ</\]13&N[/\2>/\3]C|§2+[/\27/\3]€

X s ‘covariantly constrained’, satisfying the same constraints as 6M12



—s covariant curvature involves two 2-forms

1
FuM=F,M - 1209MNoNyBuwa - = QMNB N

where B,,, x is covariantly constrained compensator field

Twisted (electric-magnetic) self-duality relations

1
.Flu,yM — _568,[“/[)0' QMNMNK.FpJK

gauge vectors AHM iInclude 7 Kaluza-Klein vectors from D = 11 metric
— also 7 dual gauge vectors — dual graviton in non-linear duality relation

[no-go theorems: Bekaert, Boulanger, Henneaux (2002)]

‘Resolution’; dual graviton & compensating gauge field
[Boulanger, O.H. (2008)]

solving section constraint — only 7 B,y survive
— 7 ‘dual graviton’ fields pure gauge
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Exceptional Field Theory lll: Egg) and 3 + n decomposition

“Toy model: D = 3 + 1 Einstein gravity — Ehlers group SL(2, R)
coordinates (z*, YM) 1 =0,1,2, YM: adjoint 3 of SL(2,R)
Section constraint:

nMN&M®@N = O fMNK5N®&K = O

with nysn Cartan-Killing form, fMNK structure constants.

Field content:

{e,ua7 AMM7 BMM7 MMN}

with B, 5, covariantly constrained SL(2, R) gauge field
— full covariant derivative

DuVar = 0uViu — L4, Vs + B fen™ Vi,
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Gauge invariant action:

~ 1
S = fd?’:c d3Y (eR — —E'LW’OBMMFVpM

24/2
1
T g DuMMND My N — e V(M, g)) ,
with ‘potential’:
3
V(./\/l, g) — —1—6<MKL5KMMN5LMMN — 4MKL5KMMN5NMML)

1 _ 1 _ _ 1
~ 27 Loprg onMMY — ZMMN!J Yomgg tong - ZMMN&M!JW ONGuv -

Solving constraints: ‘dual graviton’ component ¢ < M pure gauge

— integrating out B, < B, yields EH in 3 + 1 decomposition

For Eg(g) EFT: covariantly constrained Eg g gauge field
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Outlook

e Further extension? Egqg) = I§8<8> for 2 + 9 decomposition ?

— Gauged supergravity in D = 2 [Samtleben & Weidner (2007) ]

e Making remaining (external) diffeomorphisms manifest?

SeMuyn = EFDuMpyn . deen” = §PDpen” + DutPep”

5§O)AMM = " F M 4 MMN g one

Combining into even larger vielbein?

. i _ e,ua A,UMVMA
M A
O Vi

‘non-covariant’ term from compensating Lorentz transformation?

underlying group structure? Kac-Moody algebras E1(, E11, Borcherds??
[Aldazabal, Grana, Marques, Rosabal (December 2013)]
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Problem: can’t quite work naively,

1) BuN, By etc. missing from Eq11 spectrum
2) d¢ on p-forms receives non-trivial ‘on-shell modification’:

0 v olA
5§AMM — 52 )AMM o £ giM)M

0 A B
5eBynt =8 Byt + frenr one” €V —evell)

with field equations £, of A and B

e Novel algebraic sructure?

e Higher-derivative M-theory/type |IB corrections in a unified fashion?

— as in DFT deformed generalized geometric structures
[O.H., Siegel, Zwiebach (2013)]



