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11-dimensional Supergravity:

Local supersymmetry:  §ep), = Dye! +---,  I=1,... N

Maximal supergravity:

D = 11: N = 1 maximal, largest dimension compatible with SUSY

128g + 128 = (gun X 44, Aynp X 84)g+ (¥ x 128)F

Action: [Cremmer & Julia (1978)]
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Dimensional reductionto D =4: M = (u,m), m=1,...,7
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Hidden Symmetries:

Dualizing field strengths of 2-forms: (£}, ,,, = a[uAvp] m)

~

VPO, o = Flm = 0FAp

Scalar content:

bmn + A + Am, = E7(7y/SU(8) [133 — 63 = 70]
284+3547=70

After dualization, exceptional symmetry groups!

s (D=5), Er (D=4), Eg (D=3), Ey (D=2

= Only SL(d) C E,; manifest (space-time) symmetries

= 3-formin D = 11 predicted by requiring, say, Eg(g)

Where do these symmetries come from?

Even more?
Fip (D=1), F11 (D =0)



F10 and E'11: Unifying symmetries?

Conjecture: E10 [Damour, Henneaux & Nicolai (2002)] resp. F/11  [West (2001)]
are symmetries of (maximal) supergravities or maybe even M-theory.

Level decomposition:

= F10/FE11 are very intricate, co-dimensional Kac-Moody algebras
= decomposition with respect to duality/space-time subgroup

Example: FEq7 decomposed w.r.t. SL(11)

¢=0: K% [s1(11)] graviton
({=1: R%143 3 — form
(=2 R%1°96 dual 6 — form

¢ =3: RO1agb dual graviton




Part Il: Gauged Supergravity

Goal: (e.g.in D = 3)
Promote a subgroup G C Eg to a local (gauge) symmetry

Minimal coupling:

with embedding tensor Oy, [Nicolai & Samtleben (2000)]
go = {Xy=0Ount"},  dim(ge) = rank(O)
Lagrangian:

— 359°GMV ROy NO kL 4 Leermions

Constraints:

Gauge invariance of @y O pOrfity) = 0

Linear constraint (SUSY): (248 ® 248)sym = 1 & 3875 ¢ 27000
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Top-form and Deformation potentials

Gauging takes duality-covariant form: © /N carries Eg(s) iIndices

However:

specific gauging < constant ©,,n < Eg(g) broken to G
[Alternatively:  Ejgg) rotates different theories into each other.]

Recover duality symmetry: [de wit, Nicolai & Samtleben (2008)]

= promote Oy — O n(x)
= introduce Def.- and Top-forms  B,,M¥, C,,,MN.F

MN
Liot = Lg~+ 296"PDu® pnBuyp
1 2 KL MN,P
— 59 °OkpPOL(mS" " NEM Cruwp™ ™

Equations of motion for B, C: Linear and quadratic constraint.

Gauge symmetries leave action invariant, but: only off-shell closure.




FE11 Origin of Gauged Supergravity:

El 1 W. r.t. SL(D) X GDZ [Bergshoeff, De Baetselier & Nutma (2007), Riccioni & West (2007)]

(D — 1)-—and D—form potentials, but no embedding tensor

Level | SL(3) x Eg(g) representation | Generator

1 (3,248) Xy

2 (3,1 @ 3875) YA

3 (1,248 @ 3875 @ 147250) | ZMP \prp

agreement with linear and quadratic constraints

= Symmetries: Non-linear realisation V — gV h(x), g€ F1q

= agreement with gauge symmetries in ungauged limit



FE10 Coset Model: Full Dynamics?

Dynamics:  1-dimensional c—model with E'1o/K (E1g) target space

SEio/K(Eip) = %/dtn(t)_l (P)IP()) ,

with Maurer-Cartan forms:

V71gy = P(t)+ Q(t), P€eot(ern), Q€ (e10)

In decomposition w.r.t. SL(2) x Eg:

Vo = o4 (0B MY — AM o AN ) Y
Same structure as supergravity expression

G,LLVpMN — a[MBI/p]MN_I_A[MM@I/Ap]N_%g@KLfMKPA[,uNAI/LAp]P_I_' o

after gauge-fixing Ag = 0.

Precise match possible = work in progress



Summary & Outlook:

The Kac-Moody algebras FE1p and E11 contain a lot of information
about supergravity without using supersymmetry

even for gauged supergravity:
predicts linear and quadratic constraints on embedding tensor

corresponding gauge symmetries of deformation and top-form
potentials in D = 3 determined = only on-shell closure

non-trivial ungauged limit which coincides with E1 1

FE10 sigma model potentially able to predict even dynamics
of (truncated) supergravity = falsifiable!

|s there space-time covariant description of £ 1—invariant dynamics?
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