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¿ Is there a systematic way to construct them ?
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I closure requires section condition
I embedding tensor classifies all possible groups G



G

M

I embed M in group manifold G

I vielbein EA ∈ GL(D), D=dim G

[EA,EB] = FAB
CEC

I Which groups G? Which generalized tangent bundle?
I adapt gen. Lie of Ed(d) EFT to D-dim. diffeomorphisms of G
I closure requires section condition
I embedding tensor classifies all possible groups G



G

EA

p

M

I embed M in group manifold G
I vielbein EA ∈ GL(D), D=dim G

[EA,EB] = FAB
CEC

I Which groups G? Which generalized tangent bundle?
I adapt gen. Lie of Ed(d) EFT to D-dim. diffeomorphisms of G
I closure requires section condition
I embedding tensor classifies all possible groups G



G

EA

p

M

I embed M in group manifold G
I vielbein EA ∈ GL(D), D=dim G

[EA,EB] = FAB
CEC

Structures on G:
1. flat der. DAV B = EA

I∂IV B

2. cov. der. ∇AV B = DAV B + ΓAC
BV C

I Which groups G? Which generalized tangent bundle?
I adapt gen. Lie of Ed(d) EFT to D-dim. diffeomorphisms of G
I closure requires section condition
I embedding tensor classifies all possible groups G



G

EA

p

M

I embed M in group manifold G
I vielbein EA ∈ GL(D), D=dim G

[EA,EB] = FAB
CEC

Structures on G:
1. flat der. DAV B = EA

I∂IV B

2. cov. der. ∇AV B = DAV B + ΓAC
BV C

I Which groups G? Which generalized tangent bundle?

I adapt gen. Lie of Ed(d) EFT to D-dim. diffeomorphisms of G
I closure requires section condition
I embedding tensor classifies all possible groups G



G

EA

p

M

I embed M in group manifold G
I vielbein EA ∈ GL(D), D=dim G

[EA,EB] = FAB
CEC

Structures on G:
1. flat der. DAV B = EA

I∂IV B

2. cov. der. ∇AV B = DAV B + ΓAC
BV C

I Which groups G? Which generalized tangent bundle?
I adapt gen. Lie of Ed(d) EFT to D-dim. diffeomorphisms of G

LξV I = ξJ∂JV I − V J∂Jξ
A + Y IJ

KL∂Jξ
K V L .

I closure requires section condition Y IJ
KL∂I ⊗ ∂J = 0

I embedding tensor classifies all possible groups G



G

EA

p

M

I embed M in group manifold G
I vielbein EA ∈ GL(D), D=dim G

[EA,EB] = FAB
CEC

Structures on G:
1. flat der. DAV B = EA

I∂IV B

2. cov. der. ∇AV B = DAV B + ΓAC
BV C

I Which groups G? Which generalized tangent bundle?
I adapt gen. Lie of Ed(d) EFT to D-dim. diffeomorphisms of G

LξV A = ξBDBV A − V BDBξ
A + Y AB

CDDBξ
CV D .

I closure requires section condition Y AB
CDDA ⊗ DB = 0

I embedding tensor classifies all possible groups G



G

EA

p

M

I embed M in group manifold G
I vielbein EA ∈ GL(D), D=dim G

[EA,EB] = FAB
CEC

Structures on G:
1. flat der. DAV B = EA

I∂IV B

2. cov. der. ∇AV B = DAV B + ΓAC
BV C

I Which groups G? Which generalized tangent bundle?
I adapt gen. Lie of Ed(d) EFT to D-dim. diffeomorphisms of G

LξV A = ξB∇BV A − V B∇Bξ
A + Y AB

CD∇Bξ
CV D .

I closure requires section condition Y AB
CDDA ⊗ DB = 0

I embedding tensor classifies all possible groups G



G ∈ “Exceptional Group Manifold”

G

EA

p

M

I embed M in group manifold G
I vielbein EA ∈ GL(D), D=dim G

[EA,EB] = FAB
CEC

Structures on G:
1. flat der. DAV B = EA

I∂IV B

2. cov. der. ∇AV B = DAV B + ΓAC
BV C

I Which groups G? Which generalized tangent bundle?
I adapt gen. Lie of Ed(d) EFT to D-dim. diffeomorphisms of G

LξV A = ξB∇BV A − V B∇Bξ
A + Y AB

CD∇Bξ
CV D .

I closure requires section condition Y AB
CDDA ⊗ DB = 0

I embedding tensor classifies all possible groups G



Solving the section condition

Ui ⊂ G

G



Solving the section condition

Ui ⊂ G

TG

G



Solving the section condition

TG

G



Solving the section condition

M

TG

G M
π

σi



Solving the section condition

M

TG TM

G M
π

σi

π∗

σi∗



Solving the section condition

h

h TG TM

G M
π

σi

π∗

σi∗

g = m⊕ h



Solving the section condition

h

h TG TM

G M
π

σi

π∗

σi∗

]

ω

g = m⊕ h



Solving the section condition

h

0 h TG TM 0

G M
π

σi

π∗

σi∗

]

ω

g = m⊕ h



Solving the section condition

h

0 h TG TM 0

G M
π

σi

π∗

σi∗

]

ω

g = m⊕ h



Solving the section condition

h

0 h TG TM 0

G M
π

σi

π∗

σi∗

]

ω

g = m⊕ h

Fi = σ∗i Dω = 0



Solving the section condition

h

0 h TG TM 0

G M
π

σi

π∗

σi∗

]

ω

g = m⊕ h

Fi = σ∗i Dω = 0 or
Ai = σ∗i ω = h−1

i dhi



Solving the section condition

h

0 h TG TM 0

G M
π

σi

π∗

σi∗

]

ω

g = m⊕ h

Fi = σ∗i Dω = 0 or
Ai = σ∗i ω = h−1

i dhi

σ′i = σihi
A′i = σ′i

∗ω = 0



Solving the section condition

h

0 h TG TM 0

G M
π

σ′i

π∗

σ′i ∗

]

ω

g = m⊕ h

Fi = σ∗i Dω = 0 or
Ai = σ∗i ω = h−1

i dhi

σ′i = σihi
A′i = σ′i

∗ω = 0



Solving the section condition

h

0 h TG TM 0

G M
π

σ′i

π∗

σ′i ∗

]

ω

g = m⊕ h

Fi = σ∗i Dω = 0 or
Ai = σ∗i ω = h−1

i dhi

σ′i = σihi
A′i = σ′i

∗ω = 0

e.g. for S4 isomorphisms
η : h→ Λ2T ∗M



Solving the section condition

h

0 Λ2T ∗M TG TM 0

G M
π

σ′i

π∗

σ′i ∗

(η−1)]

η ω

g = m⊕ h

Fi = σ∗i Dω = 0 or
Ai = σ∗i ω = h−1

i dhi

σ′i = σihi
A′i = σ′i

∗ω = 0

e.g. for S4 isomorphisms
η : h→ Λ2T ∗M


