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Context

Toroidal reduction of D = 11 supergravity on Tn
[
Cremmer

Julia

]

⇒ max. SUGRA in D = 11−n dimensions with global En

Symmetry acts on scalars non-linearly and p-forms
linearly: En tensor hierarchy

[
de Wit, Nicolai

Samtleben

]
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Part of global En stems from local symmetries in D = 11

M11 = M11−n×Tn coordinates (xµ, ym)

δξgmn(x, y ) = Lξgmn = ξp∂pgmn + ∂mξpgpn + ∂nξ
pgmp

for ξp along Tn.
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Toroidal reduction of D = 11 supergravity on Tn
[
Cremmer

Julia

]

⇒ max. SUGRA in D = 11−n dimensions with global En

Symmetry acts on scalars non-linearly and p-forms
linearly: En tensor hierarchy

[
de Wit, Nicolai

Samtleben

]

Part of global En stems from local symmetries in D = 11

M11 = M11−n×Tn coordinates (xµ, ym)

δξgmn(x, y ) = Lξgmn = ξp∂pgmn + ∂mξpgpn + ∂nξ
pgmp

for ξp along Tn. Take ξp = Λp
nyn with cst. Λp

n ∈ GL(n)
Tn red.

!"
# scalar on M11−n

!
!"
"

︸ ︷︷ ︸
global GL(n) ⊂ En action with ∂•ξ

•

More of En from local matter gauge trm. in D = 11

But ∃ also truly hidden En transformations. Require
specific Chern–Simons term. Important for U-duality...
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Context

Is there a similar origin for all of En?
[
Julia

][
West

][
Damour,Henneaux

Nicolai

]
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One affirmative answer to this is provided by exceptional
geometry/exceptional field theory

[
Coimbra,Waldram

Strickland-Constable
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Hohm

Samtleben
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Scalar fields M = V†V with V ∈ En/K(En). ‘Ancestor
symmetry’?

δξM(x, y) = LξM = ξP∂PM+ En-action with ∂•ξ
•

$
generalised Lie derivative

Reduces ok on Tn. But...
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[
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Samtleben

]

Scalar fields M = V†V with V ∈ En/K(En). ‘Ancestor
symmetry’?

δξM(x, y) = LξM = ξP∂PM+ En-action with ∂•ξ
•

$
generalised Lie derivative

Reduces ok on Tn. But...
For en-valued parameter ∂•ξ•

need to extend space since
En cannot act on torus ym!
Replace ym → Y M ∈ R1

Also:
[
Duff
Lu

][
West

][
Hull

]
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Context

Is there a similar origin for all of En?
[
Julia

][
West

][
Damour,Henneaux

Nicolai

]

One affirmative answer to this is provided by exceptional
geometry/exceptional field theory

[
Coimbra,Waldram

Strickland-Constable

][
Hohm

Samtleben

]

Scalar fields M = V†V with V ∈ En/K(En). ‘Ancestor
symmetry’?

δξM(x, y) = LξM = ξP∂PM+ En-action with ∂•ξ
•

$
generalised Lie derivative

Reduces ok on Tn. But...
For en-valued parameter ∂•ξ•

need to extend space since
En cannot act on torus ym!
Replace ym → Y M ∈ R1

Also:
[
Duff
Lu

][
West

][
Hull

]

R1 R2

E6 27 27

E7 56 133⊕ 1

E8 248 3875⊕ 248⊕ 1
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Exceptional field theory (ExFT)

Important point: Gauge transformations δξM = LξM only
close when section constraint is imposed (NB n ≤ 7)

∂P ⊗ ∂Q
∣∣
R2

= 0

[
Coimbra, Waldram

Strickland-Constable

][
Berman

Perry

]
[
Berman, Cederwall

AK, Thompson

]
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En invariant !
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only ym) breaks En!
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Exceptional field theory (ExFT)

Important point: Gauge transformations δξM = LξM only
close when section constraint is imposed (NB n ≤ 7)

∂P ⊗ ∂Q
∣∣
R2

= 0

[
Coimbra, Waldram

Strickland-Constable

][
Berman

Perry

]
[
Berman, Cederwall

AK, Thompson

]
En invariant !

Any solution (e.g. keeping

only ym) breaks En!

Is there a theory built from the generalised Lie derivative
and generalised metric M, generalising gravity?

Include other fields (gµν , AM
µ ,. . . ) from En tensor hierarchy

and xµ diffeos to obtain En ExFT
[

Hohm
Samtleben

]
(n ≤ 8)
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Exceptional field theory (ExFT)

Important point: Gauge transformations δξM = LξM only
close when section constraint is imposed (NB n ≤ 7)

∂P ⊗ ∂Q
∣∣
R2

= 0

[
Coimbra, Waldram

Strickland-Constable

][
Berman

Perry

]
[
Berman, Cederwall

AK, Thompson

]
En invariant !

Any solution (e.g. keeping

only ym) breaks En!

Is there a theory built from the generalised Lie derivative
and generalised metric M, generalising gravity?

Include other fields (gµν , AM
µ ,. . . ) from En tensor hierarchy

and xµ diffeos to obtain En ExFT
[

Hohm
Samtleben

]
(n ≤ 8)

Uniquely fixed by symmetries. Contains D = 11 and IIB

For n = 8 need ancillary gauge parameter for closure of
gen. diffeo. Related to extra constrained fields

For n = 9 these constrained fields are intertwined
indecomposably with tensor hierarchy fields

[
Bossard, Ciceri

Inverso, AK, Samtleben

]
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E11 exceptional field theory

Our work: Construct ExFT for E11

pro: no separation external/internal space
contra: hard due to Kac–Moody and constrained fields
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pro: no separation external/internal space
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Draws from ideas from
[
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]
that predate all ExFT

Properties of the tensor hierarchy algebra
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Ideas for constrained fields in E9 ExFT
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E11 exceptional field theory

Our work: Construct ExFT for E11

pro: no separation external/internal space
contra: hard due to Kac–Moody and constrained fields

Draws from ideas from
[
West

]
that predate all ExFT

Properties of the tensor hierarchy algebra
[
Palmkvist

]

Ideas for constrained fields in E9 ExFT
[

Bossard, Ciceri
Inverso, AK, Samtleben

]

Results

Pseudo-Lagrangian and (twisted) duality equation,
invariant under E11 generalised diffeomorphisms

Reduces to non-linear D = 11 SUGRA and ExFT

[Need many new E11 identities. Most proved, some only partially]
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Some facts about E11

1 2 3 4 5 6 7 8 9 10

11

! ! ! ! ! ! ! ! ! !

!∞-dim’l Kac–Moody algebra
Complete list of generators/
structure constants unknown

Write abstractly: [tα, tβ ] = fαβγtγ Killing form: καβ
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[
Kac
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Conjugate lowest weight R(Λ) #
hst. weight, comb. of fund. weights Λi

Useful to consider graded decompositions
[
West

][
Fischbacher

Nicolai

]

"GL(11) ⊂ E11

adjoint e11: . . . , Fn1n2n3 ,K
m
n, E

n1n2n3 , En1...n6 , En1...n8,n9 , . . .

R(Λ1) : . . . , Pn1...n5 , Pn1n2 , P
m
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! ! ! ! ! ! ! ! ! !

!∞-dim’l Kac–Moody algebra
Complete list of generators/
structure constants unknown

Write abstractly: [tα, tβ ] = fαβγtγ Killing form: καβ
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[
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Useful to consider graded decompositions
[
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adjoint e11: . . . , Fn1n2n3 ,K
m
n, E

n1n2n3 , En1...n6 , En1...n8,n9 , . . .

R(Λ1) : . . . , Pn1...n5 , Pn1n2 , P
m

$=−1 $=0
gl(11)

gravity

$=1
3-form

$=2
6-form

$=3

dual
graviton

m,n = 0, 1, . . . , 10

$=−7
2 $=−5

2 $=−3
2

% D = 11 coords

(other: ‘brane coords’)
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Ingredients of E11 ExFT

Following
[
West

]
take the coordinates zM of the extended

space in E11 rep. R1=R(Λ1). Generalised metric M = V†ηV

M(z) → g†M(g−1z)g

under rigid E11.

‘non-linear realisation
of E11 ! $1’

$

temp. involution
∃ in R(Λ1)
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Ingredients of E11 ExFT

Following
[
West

]
take the coordinates zM of the extended

space in E11 rep. R1=R(Λ1). Generalised metric M = V†ηV

M(z) → g†M(g−1z)g

under rigid E11.

‘non-linear realisation
of E11 ! $1’

$

temp. involution
∃ in R(Λ1)

From this construct the current/CM form

JMαt
α = M−1∂MM ∈ R(Λ1)⊗ e11

Useful to write e11 in R(Λ1) representation:

tα ,→ TαM
N , M ,→ MMN , MPS∂MMSQ = JMαT

αP
Q

Section constraint

TαP
MTα

Q
N∂P ⊗ ∂Q = −

1

2
∂M ⊗ ∂N + ∂N ⊗ ∂M
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Ingredients of E11 ExFT

Generalised Lie derivative has parameter ξM ∈ R(Λ1), e.g.

δξM = LξM = ξM∂MM+ καβT
αM

N∂MξN
(
Mtβ + tβ†M

)
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Curvature? Possibly not of finite order in derivatives...
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: first-order gauge-variant equations (‘modulo

equations’). Derivatives can remove gauge-dependence
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Ingredients of E11 ExFT

Generalised Lie derivative has parameter ξM ∈ R(Λ1), e.g.

δξM = LξM = ξM∂MM+ καβT
αM

N∂MξN
(
Mtβ + tβ†M

)

Current JM is non-covariant (‘connection’ M−1∂MM)

δξJM = LξJM + TαN
P

(
∂M∂NξP +MNQMPR∂R∂MξQ

)
tα

Question: How to construct gauge-invariant dynamics?

Curvature? Possibly not of finite order in derivatives...
[
West

]
: first-order gauge-variant equations (‘modulo

equations’). Derivatives can remove gauge-dependence

Instead: Use ExFT methods and extra fields for
gauge-invariance today
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Tensor hierarchy extension

For any en tensor hierarchy algebra T (en) encodes ExFT

fields. Graded Lie superalgebra
[
Palmkvist

]

T (en) =
⊕

p∈Z

Tp(en)
[
Tp ∼= T ∗

9−n−p

]

Tp(en) contains the p-forms; Z2-even/odd depending on p

E11 ExFT – p.9



Tensor hierarchy extension

For any en tensor hierarchy algebra T (en) encodes ExFT

fields. Graded Lie superalgebra
[
Palmkvist

]

T (en) =
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p∈Z

Tp(en)
[
Tp ∼= T ∗

9−n−p

]

Tp(en) contains the p-forms; Z2-even/odd depending on p

For e11: existence of T ≡ T (e11) proved in
[
1703.01305

]
, structure
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
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

write as tα̂ = (tα, tα̃) [tα, tα̃] = −Tαα̃
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tβ̃ −Kαα̃

βt
β

something entangled with E11!
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Tensor hierarchy extension

Positive levels Tp>0 are sums of highest weights, e.g.

T1 = R(Λ1)⊕ . . .
PM
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Level T−1 is neither highest nor lowest for e11.

For any en it is the flux/embedding tensor representation.
Write its generators tI . Has non-deg. symplectic form ΩIJ .
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Tensor hierarchy extension

Positive levels Tp>0 are sums of highest weights, e.g.

T1 = R(Λ1)⊕ . . .
PM

Level T−1 is neither highest nor lowest for e11.

For any en it is the flux/embedding tensor representation.
Write its generators tI . Has non-deg. symplectic form ΩIJ .
We also assume non-deg. K(E11)-inv. bilinear form ηIJ (!

at low levels). Relation ΩIJηJKΩKL = ηIL
In GL(11) decomposition

tI ∈ T−1 : . . . ,Kn1n2
m, Kn1n2n3n4 , Kn1...n7 , Kn1...n9;m, . . .
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Level T−1 is neither highest nor lowest for e11.

For any en it is the flux/embedding tensor representation.
Write its generators tI . Has non-deg. symplectic form ΩIJ .
We also assume non-deg. K(E11)-inv. bilinear form ηIJ (!

at low levels). Relation ΩIJηJKΩKL = ηIL
In GL(11) decomposition

tI ∈ T−1 : . . . ,Kn1n2
m, Kn1n2n3n4 , Kn1...n7 , Kn1...n9;m, . . .

$ $$ $

ΩIJ
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Tensor hierarchy extension

Positive levels Tp>0 are sums of highest weights, e.g.

T1 = R(Λ1)⊕ . . .
PM

Level T−1 is neither highest nor lowest for e11.

For any en it is the flux/embedding tensor representation.
Write its generators tI . Has non-deg. symplectic form ΩIJ .
We also assume non-deg. K(E11)-inv. bilinear form ηIJ (!

at low levels). Relation ΩIJηJKΩKL = ηIL
In GL(11) decomposition

tI ∈ T−1 : . . . ,Kn1n2
m, Kn1n2n3n4 , Kn1...n7 , Kn1...n9;m, . . .

$ $$ $

ΩIJ

⇒ candidate E11-covariant duality equation

MIJF
J = ΩIJF

J

MIJ = (V†ηV)IJ
but what is F I??
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E11 field strengths

Would like F I to contain the e11 current components
JM

α = καβJMβ −→ need some tensor with indices I, M , α
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E11 field strengths

Would like F I to contain the e11 current components
JM

α = καβJMβ −→ need some tensor with indices I, M , α

Level T−2 = âdj
∗
⊕D∗

0 is the dual of T0 and so includes
generators t̄α̂
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E11 field strengths

Would like F I to contain the e11 current components
JM

α = καβJMβ −→ need some tensor with indices I, M , α

Level T−2 = âdj
∗
⊕D∗

0 is the dual of T0 and so includes
generators t̄α̂

Get some E11-invariant tensors from T , e.g.

[PM , t̄α̂] = CIM
α̂tI , CIM

α̂ = (CIM
α, C

IM
α̃)

"
"'

not E11 tensor!

Indecomposable
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E11 field strengths

Would like F I to contain the e11 current components
JM

α = καβJMβ −→ need some tensor with indices I, M , α

Level T−2 = âdj
∗
⊕D∗

0 is the dual of T0 and so includes
generators t̄α̂

Get some E11-invariant tensors from T , e.g.

[PM , t̄α̂] = CIM
α̂tI , CIM

α̂ = (CIM
α, C

IM
α̃)

"
"'

not E11 tensor!

Indecomposable

Define

F I = CIM
αJM

α + CIM
α̃χM

α̃$

new constrained fields
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E11 field strengths

Would like F I to contain the e11 current components
JM

α = καβJMβ −→ need some tensor with indices I, M , α

Level T−2 = âdj
∗
⊕D∗

0 is the dual of T0 and so includes
generators t̄α̂

Get some E11-invariant tensors from T , e.g.

[PM , t̄α̂] = CIM
α̂tI , CIM

α̂ = (CIM
α, C

IM
α̃)

"
"'

not E11 tensor!

Indecomposable

Define

F I = CIM
αJM

α + CIM
α̃χM

α̃$

new constrained fields

+ CIM
Λ̂ζM

Λ̂
(()

For gauge-invariance of duality equation need more fields

R(Λ1)⊗ R(Λ1) = R(2Λ1)⊕ R(Λ2)⊕Rsection

index M α̃ Λ̂
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E11 field strengths

Would like F I to contain the e11 current components
JM

α = καβJMβ −→ need some tensor with indices I, M , α

Level T−2 = âdj
∗
⊕D∗

0 is the dual of T0 and so includes
generators t̄α̂

Get some E11-invariant tensors from T , e.g.

[PM , t̄α̂] = CIM
α̂tI , CIM

α̂ = (CIM
α, C

IM
α̃)

"
"'

not E11 tensor!

Indecomposable

Define

F I = CIM
αJM

α + CIM
α̃χM

α̃$

new constrained fields

+ CIM
Λ̂ζM

Λ̂
(()

For gauge-invariance of duality equation need more fields

R(Λ1)⊗ R(Λ1) = R(2Λ1)⊕ R(Λ2)⊕Rsection

index M α̃ Λ̂

Πα̃
MN ΠΛ̂

MN
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E11 gauge transformations

δξJM
α = LξJM

α + TαN
P

(
∂M∂NξP +MNQMPR∂R∂MξQ

)

δξχM
α̃ = LξχM

α̃ + T α̃N
P

(
∂M∂NξP +MNQMPR∂R∂MξQ

)

+ Πα̃
QPMNQ∂M∂Qξ

P

δξζM
Λ̂ = LξζM

Λ̂ + ΠΛ̂
QPMNQ∂M∂Qξ

P
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E11 gauge transformations

δξJM
α = LξJM

α + TαN
P

(
∂M∂NξP +MNQMPR∂R∂MξQ

)

δξχM
α̃ = LξχM

α̃ + T α̃N
P

(
∂M∂NξP +MNQMPR∂R∂MξQ

)

+ Πα̃
QPMNQ∂M∂Qξ

P

δξζM
Λ̂ = LξζM

Λ̂ + ΠΛ̂
QPMNQ∂M∂Qξ

P

give gauge-invariant duality equation

MIJF
J = ΩIJF

J

if ‘master identity’ satisfied

ΩIJC
JM

α̂T
α̂N

Q = CIQ
β̃Πβ̃

MN + CIQ
Λ̂ΠΛ̂

MN

# #
indices moved with η

[
1907.02080

]

Only partial proof of this identity available!
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Constrained fields

Why is duality equation not sufficient?
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Constrained fields

Why is duality equation not sufficient?

Constrained fields χM
α̃ and ζM

Λ̂ appear algebraically in
most F I ⇒ all equations but F4 = )F7 ‘empty’
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Constrained fields

Why is duality equation not sufficient?

Constrained fields χM
α̃ and ζM

Λ̂ appear algebraically in
most F I ⇒ all equations but F4 = )F7 ‘empty’

⇒ need independent equations for constrained fields

Expect (pseudo-)Lagrangian of ExFT type
[

Hohm
Samtleben

]
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Constrained fields

Why is duality equation not sufficient?

Constrained fields χM
α̃ and ζM

Λ̂ appear algebraically in
most F I ⇒ all equations but F4 = )F7 ‘empty’

⇒ need independent equations for constrained fields

Expect (pseudo-)Lagrangian of ExFT type
[

Hohm
Samtleben

]

Technical point: Recall that for En ExFT with n ≥ 8 new
structures appear due to non-closure of generalised
diffeomorphisms

[
Coimbra, Waldram

Strickland–Constable

] [
Berman, Cederwall

AK, Thompson

][
Hohm

Samtleben

][
Cederwall
Palmkvist

]
.

Requires ‘ancillary’ gauge parameter ΣM
Ĩ where Ĩ labels

E11 representation R(Λ3)⊕ . . ., index M section constrained.

Have invariant tensor C Ĩ
P α̂
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E11 ExFT pseudo-Lagrangian

Write in terms of four pieces

LE11 = Lpot1 + Lpot2 + Lkin + Ltop
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E11 ExFT pseudo-Lagrangian

Write in terms of four pieces

LE11 = Lpot1 + Lpot2 + Lkin + Ltop

‘Universal potential term’
[

Hohm
Samtleben

][
Cederwall
Palmkvist

]

Lpot1 = −
1

4
καβMMNJM

αJN
β +

1

2
JMαT

βM
PMPQTαN

QJNβ

only E11 current
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E11 ExFT pseudo-Lagrangian

Write in terms of four pieces

LE11 = Lpot1 + Lpot2 + Lkin + Ltop

‘Universal potential term’
[

Hohm
Samtleben

][
Cederwall
Palmkvist

]

Lpot1 = −
1

4
καβMMNJM

αJN
β +

1

2
JMαT

βM
PMPQTαN

QJNβ

only E11 current

‘Ancillary potential term’
[

Hohm
Samtleben

][
Cederwall
Palmkvist

]

Lpot2 = −
1

2
MĨ J̃C

Ĩ
P α̂C

J̃
Qβ̂

MQMMPNJM
α̂JN

β̂

E11 current

and constrained χM
α̃

Uses the representation with index Ĩ furnished by ancillary
gauge transformation. Generalises extra E8 term
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E11 ExFT pseudo-Lagrangian

Lkin =
1

4
MIJC

IM
α̂C

JN
β̂
JM

α̂JN
β̂ −

1

2
MIJC

IM
α̂C

JN
Λ̂JM

α̂ζN
Λ̂

−
1

4
MIJC

IM
Λ̂C

JN
Ξ̂ζM

Λ̂ζN
Ξ̂ =

1

4
MIJF

IF J +O(ζ)

all fields
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E11 ExFT pseudo-Lagrangian

Lkin =
1

4
MIJC

IM
α̂C

JN
β̂
JM

α̂JN
β̂ −

1

2
MIJC

IM
α̂C

JN
Λ̂JM

α̂ζN
Λ̂

−
1

4
MIJC

IM
Λ̂C

JN
Ξ̂ζM

Λ̂ζN
Ξ̂ =

1

4
MIJF

IF J +O(ζ)

all fields

For topological term (no explicit M dependence) take
inspiration from E9 ExFT

[
Bossard, Ciceri

Inverso, AK, Samtleben

]

Ltop =
1

2
Πα̃

MN
(
2∂[MχN ]

α̃ + J[M
αTα

α̃
β̃χN ]

β̃ + JM
αK[α

α̃
β]JN

β
)

−
1

2
ΩIJC

IM
α̂C

JN
Λ̂JM

α̂ζN
Λ̂ all fields

First line is rigid E11-invariant dχ total derivative
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E11 ExFT

Pseudo-Lagrangian LE11

is gauge-invariant: δξLE11 = ∂M
(
ξMLE11

)

combination of terms fixed by this requirement. Split
somewhat artificial

when varied w.r.t. constrained fields produces subset of
duality equation MIJF

J = ΩIJF
J ⇒ consistent !

when varied w.r.t. E11 fields gives needed equations for
constrained fields
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E11 ExFT

Pseudo-Lagrangian LE11

is gauge-invariant: δξLE11 = ∂M
(
ξMLE11

)

combination of terms fixed by this requirement. Split
somewhat artificial

when varied w.r.t. constrained fields produces subset of
duality equation MIJF

J = ΩIJF
J ⇒ consistent !

when varied w.r.t. E11 fields gives needed equations for
constrained fields

Question: How does this describe D = 11 supergravity?

E11 ExFT – p.16



E11 ExFT and D = 11 SUGRA

Write pseudo-Lagrangian on GL(11) solution to
section constraint

LE11 =
√
−g
(
R−

1

2 · 4!
Fn1...n4F

n1...n4

)
−

1

1442
εn1...n11An1n2n3Fn4...n7Fn8...n11

+ ∂(· · · ) +
∞∑

k=2

∣∣EI(k)
∣∣2 % can be ignored with duality equation
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+ ∂(· · · ) +
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∣∣EI(k)
∣∣2 % can be ignored with duality equation

Produces exactly D = 11 SUGRA equations of motion
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E11 ExFT and D = 11 SUGRA

Write pseudo-Lagrangian on GL(11) solution to
section constraint

LE11 =
√
−g
(
R−

1

2 · 4!
Fn1...n4F

n1...n4

)
−

1

1442
εn1...n11An1n2n3Fn4...n7Fn8...n11

+ ∂(· · · ) +
∞∑

k=2

∣∣EI(k)
∣∣2 % can be ignored with duality equation

Produces exactly D = 11 SUGRA equations of motion

Similar analysis for E8 ExFT

Expect same for GL(D)× E11−D (D ≥ 2)
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E11 ExFT and D = 11 SUGRA

Write pseudo-Lagrangian on GL(11) solution to
section constraint

LE11 =
√
−g
(
R−

1

2 · 4!
Fn1...n4F

n1...n4

)
−

1

1442
εn1...n11An1n2n3Fn4...n7Fn8...n11

+ ∂(· · · ) +
∞∑

k=2

∣∣EI(k)
∣∣2 % can be ignored with duality equation

Produces exactly D = 11 SUGRA equations of motion

Similar analysis for E8 ExFT

Expect same for GL(D)× E11−D (D ≥ 2)

Note: This does not show E11 invariance of D = 11
SUGRA. Broken by solution to section constraint

E11 ExFT – p.17



Conclusions

Constructed pseudo-Lagrangian and duality equations
invariant under E11 generalised diffeomorphisms

Ingredients: section constraint, extra constrained fields

Reduces to all known SUGRAS/ExFTs

Dual gravity realised sim. to
[
West

][
Boulanger

Hohm

]

Some remaining assumptions about E11

representations (ηIJ , ‘master’ identity)
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Dual gravity realised sim. to
[
West

][
Boulanger

Hohm

]

Some remaining assumptions about E11

representations (ηIJ , ‘master’ identity)

What next?

Clarify relation to cosmological E10 model

Add fermions and supersymmetry? Exotic branes?

Could do the same for other algebras, D = 4 GR
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Conclusions

Constructed pseudo-Lagrangian and duality equations
invariant under E11 generalised diffeomorphisms

Ingredients: section constraint, extra constrained fields

Reduces to all known SUGRAS/ExFTs

Dual gravity realised sim. to
[
West

][
Boulanger

Hohm

]

Some remaining assumptions about E11

representations (ηIJ , ‘master’ identity)

What next?

Clarify relation to cosmological E10 model

Add fermions and supersymmetry? Exotic branes?

Could do the same for other algebras, D = 4 GR

Thank you for your attention
E11 ExFT – p.18
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