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D-dimensional gravity S =

Z
dDX

p
|detG|R(G) ,

<latexit sha1_base64="lC8I31NpR5cIig5fACFu9eLxsnE=">AAACHHicbVDLSgMxFM34rPVVdekmWIQKpcxIwYoIgoIufVULTS2ZTNqGZh4md4QynV9x46+4UMSNguDfmD42VQ9cOJxzQu65biSFBtv+tqamZ2bn5jML2cWl5ZXV3Nr6jQ5jxXiVhTJUNZdqLkXAqyBA8lqkOPVdyW/d7vHAv33gSoswuIZexBs+bQeiJRgFIzVzh1eY4EMzRASAE6J87KV3J7hG9L2CJMH9oYY9DqR4mvbTlBQvCwk+TXfIQbGZy9slewj8lzhjkkdjnDdzL8QLWezzAJikWtcdO4JGQhUIJnmaJbHmEWVd2ubJsFyKt43k4VaozJgVh+pEjvpa93zXJH0KHf3bG4j/efUYWpVGIoIoBh6w0UetWGII8eBS2BOKM5A9QyhTwmyIWYcqysDcM2uqO7+L/iU3uyWnXNq/KOePKuMjZNAm2kIF5KA9dITO0DmqIoae0Cv6QJ/Wo/VsvVnvo+iUNX6zgSZgff0Aw/SfFA==</latexit>

X µ̂ = (xµ, ym)
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µ = 1, . . . , n
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m = 1, . . . , d
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Kaluza-Klein parametrization

 in terms of n-dimensional metric  , vectors   , scalar fields         gμν Aμ
m Gmn

n
Gmn, Gµm = Gmn Aµ

n, Gµ⌫ = �� 1
n�2 gµ⌫ +Gmn Aµ

mA⌫
n
o

<latexit sha1_base64="It1dELKrCjNeCqZaztb0Fr1QuMY="></latexit>

� = |detGmn|

<latexit sha1_base64="TyOn/aQQUJ5CEedyAmOZEdwbnm4=">AAAB93icdVDLSgMxFM34rPU16kZwEyyCCxkypaN1IRRc6LKCfUCnDJk0bUMzD5KMMEzHX3Ej4kbBv/AX/BvTh4uKHggczjnh3nv8mDOpEPoylpZXVtfWCxvFza3tnV1zb78po0QQ2iARj0Tbx5JyFtKGYorTdiwoDnxOW/7oeuK3HqiQLArvVRrTboAHIeszgpWWPPPQjYfsapy5IoA9qnL37MbLgjAfe2YJWejcqdhViCwH2VXb0aTs2AiVoW2hKUpgjrpnfrq9iCQBDRXhWMqOjWLVzbBQjHCaF91E0hiTER7QbLp3Dk+01IP9SOgXKjhVF3I4kDINfJ0MsBrK395E/MvrJKpf7WYsjBNFQzIb1E84VBGclAB7TFCieKoJJoLpDSEZYoGJ0lUV9ek/98H/SbNs2RXr8q5SqlXnJRTAETgGp8AGF6AGbkEdNAABj+AZvIF3IzWejBfjdRZdMuZ/DsACjI9vh/uS4Q==</latexit>

reduction to n dimensions:   ∂m → 0

+ 1
4@

µGmn@µGmn � 1
4(n�2)

�
��1@µ�

�2⌘
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S =

Z
dnx

p
g
⇣
R(g)� 1

4�
1

n�2Gmn F
µ⌫mFµ⌫

n

<latexit sha1_base64="1//NL1ii8SoWRaq9wTkMIQDt2F4="></latexit>

 coordinate split       

 Einstein-Maxwell theory coupled to scalar fields: coset -space model        σ GL(d)/SO(d)

Kaluza-Klein reduction of gravity



A B

Henning Samtleben                                                                                                   ENS de Lyon

Kaluza-Klein 

D-dimensional gravity S =

Z
dDX

p
|detG|R(G) ,
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m = 1, . . . , d
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Kaluza-Klein parametrization
n
Gmn, Gµm = Gmn Aµ

n, Gµ⌫ = �� 1
n�2 gµ⌫ +Gmn Aµ

mA⌫
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� = |detGmn|
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 coordinate split       

+ 1
4D

µGmnDµGmn � 1
4(n�2)

�
��1Dµ�

�2 � V (G, g)
⌘
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 in terms of n-dimensional metric  , vectors   , scalar fields         gμν Aμ
m Gmn

reduction to n dimensions:   ∂m → 0
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<latexit sha1_base64="1//NL1ii8SoWRaq9wTkMIQDt2F4="></latexit>

S =

Z
dnxddy
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same rewriting without reduction     ∂m ≠ 0

�V (G, g)
⌘

<latexit sha1_base64="Q4K8Br9zGcHyOuJoVSgMcRylleY=">AAAB6nicbVDJSgNBFHzjGuMW9eilMQgJaJiRgPEW9KDHCGaBZAg9nZ5Jk57F7jdCCPkJLyJeFPwYf8G/sbNckljQUFRV8149L5FCo23/WmvrG5tb25md7O7e/sFh7ui4oeNUMV5nsYxVy6OaSxHxOgqUvJUoTkNP8qY3uJv4zReutIijJxwm3A1pEAlfMIpGcsllo3B/ERQ7tyIodnN5u2RPQVaJMyd5mKPWzf10ejFLQx4hk1TrtmMn6I6oQsEkH2c7qeYJZQMa8NF01TE5N1KP+LEyL0IyVRdyNNR6GHomGVLs62VvIv7ntVP0K+5IREmKPGKzQX4qCcZk0pv0hOIM5dAQypQwGxLWp4oyNNfJmurOctFV0rgqOeXSzWM5X63Mj5CBUziDAjhwDVV4gBrUgcEzvMEnfFnSerXerY9ZdM2a/zmBBVjff/tvjA4=</latexit>

 exhibits an infinite-dimensional gauge structure (internal diffeomorphisms) 

formulation of gravity
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D-dimensional gravity S =

Z
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p
|detG|R(G) ,
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+ 1
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�
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�V (G, g)
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 exhibits an infinite-dimensional gauge structure (internal diffeomorphisms) 

⟺

DµGmn = @µGmn �Aµ
k@kGmn �Gkm@nAµ

k �Gkn@mAµ
k
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Fµ⌫
m = @µA⌫

m � @⌫Aµ
m �Aµ

n@nA⌫
m +A⌫

n@nAµ
m

<latexit sha1_base64="P3RXUHLYaaB9mtXvNrHIMd7cNg4="></latexit>

the same can be extended to matter-coupled (super-)gravity theories

the resulting infinite-dimensional gauge structure combines internal diffeomorphisms with   
the (internal) tensor gauge symmetries 

exceptional field theories (ExFT)

covariant under the global (exceptional) duality groups

Kaluza-Klein formulation of gravity
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⟺

the same can be extended to matter-coupled (super-)gravity theories

the resulting infinite-dimensional gauge structure combines internal diffeomorphisms with   
the (internal) tensor gauge symmetries 

exceptional field theories (ExFT)

covariant under the global (exceptional) duality groups

Kaluza-Klein formulation without Kaluza-Klein reduction

exhibits interesting structures within the higher-dimensional theory

powerful tool in order to study compactifications to lower dimensions

Kaluza-Klein formulation of gravity
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p-forms: an example

two-form gauge field           coupled to gravity  B ̂μ ̂ν

 Kaluza-Klein split

{Bµ̂⌫̂} = {Bµ⌫ , Bµ6 ⌘ Aµ}
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X µ̂ = (xµ, ym)
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reduction to n dimensions:   ∂m → 0
additional Maxwell fields    and 2-form tensor  , 
coupled to Einstein-Maxwell and scalar fields     

Aμ m bμν
enhancement of the scalar coset space
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reduction to n dimensions:   ∂m → 0
additional Maxwell fields    and 2-form tensor  , 
coupled to Einstein-Maxwell and scalar fields     

Aμ m bμν

Stückelberg type coupling 
(tensor hierarchy)

Kaluza-Klein reformulation of the full theory    ∂m ≠ 0

Hµ⌫⇢ = 3D[µb⌫⇢] � 3F[µ⌫
kA⇢]k

<latexit sha1_base64="7NkCpdJkM1nWgezD2SwIkyjnkC8="></latexit>

Fµ⌫ m = 2D[µA⌫]m + @mbµ⌫

<latexit sha1_base64="ygg5vH4jkgwVgplS6fUdYIXKWVQ="></latexit>

 gives rise to non-abelian field strengths     

Chern-Simons term

non-abelian internal diffeomorphisms

enhancement of the scalar coset space
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exotic supergravities

maximally supersymmetric 6D theories featuring exotic tensor fields
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maximal supersymmetry (32 real supercharges)

IIA IIB

𝒩 = 1

𝒩 = (1,1) 𝒩 = (2,0)

𝒩 = 2

𝒩 = 2

𝒩 = 2

𝒩 = (2,2)

𝒩 = 4

𝒩 = 8

𝒩 = 16

D = 11

D = 10

D = 9

D = 8

D = 7

D = 6

D = 5

D = 4

D = 3

standard supergravities



A B

Henning Samtleben                                                                                                      ENS Lyon

maximal supersymmetry (32 real supercharges)

IIA IIB

𝒩 = 1

𝒩 = (1,1) 𝒩 = (2,0)

𝒩 = 2

𝒩 = 2

𝒩 = 2

𝒩 = 4

𝒩 = 8

𝒩 = 16

D = 11

D = 10

D = 9

D = 8

D = 7

D = 6

D = 5

D = 4

D = 3

standard supergravities

multiplets / free theories

𝒩 = (2,2) 𝒩 = (3,1) 𝒩 = (4,0)



A B

Henning Samtleben                                                                                                      ENS Lyon

6D exotic supergravities: multiplets

𝒩 = (2,2) 𝒩 = (3,1) 𝒩 = (4,0)

gµ⌫ (1) Aµ (16) Bµ⌫ (5) � (25)

<latexit sha1_base64="jmcWym40wx3xeh7nuC/w8HbI+Xw="></latexit>

Cµ⌫,⇢ (1) Aµ (14) Bµ⌫ (12) � (28)

<latexit sha1_base64="8V7GuUhm9BhSw4CcUJF5LMZ+scQ="></latexit>

Tµ⌫,⇢� (1) Bµ⌫ (27) � (42)

<latexit sha1_base64="kdJx4t6D6xggA1SbDpQY1Z+fXUk="></latexit>

+ + + +

& fermions & fermions & fermions

exotic tensor fields  (“exotic gravitons”) 

selfdual in 6D

D = 6
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+ + + +

& fermions & fermions & fermions

exotic tensor fields  (“exotic gravitons”) 

selfdual in 6D

reduction to 5D yields the unique maximal supergravity multiplet   [Hull]

D = 6

double / dual / graviton 27 vectors / tensors 42 scalars

D = 5
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double / dual / graviton 27 vectors / tensors 42 scalars

D = 5

D = 6

[Hull]
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double / dual / graviton 27 vectors / tensors 42 scalars

D = 5

D = 6

[Hull]
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the selfdual Curtright field

S ̂μ ̂ν ̂ρ, ̂σ ̂τ = 3 ∂ ̂σ∂[ ̂μC ̂ν ̂ρ], ̂τ − 3 ∂ ̂τ∂[ ̂μC ̂ν ̂ρ], ̂σ

δC ̂μ ̂ν, ̂ρ = 2 ∂[ ̂μα ̂ν] ̂ρ + ∂ ̂ρβ ̂μ ̂ν − ∂[ ̂ρβ ̂μ ̂ν] gauge freedom ∂ + ∂

 gauge invariant second order curvature 

∂
∂

[Hull, 2000]
[Curtright, 1980]exotic tensor field  (6D) C ̂μ ̂ν, ̂ρ
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S ̂μ ̂ν ̂ρ, ̂σ ̂τ = 3 ∂ ̂σ∂[ ̂μC ̂ν ̂ρ], ̂τ − 3 ∂ ̂τ∂[ ̂μC ̂ν ̂ρ], ̂σ

δC ̂μ ̂ν, ̂ρ = 2 ∂[ ̂μα ̂ν] ̂ρ + ∂ ̂ρβ ̂μ ̂ν − ∂[ ̂ρβ ̂μ ̂ν] gauge freedom ∂ + ∂

 gauge invariant second order curvature 

∂
∂

 selfduality equation (2nd order)
S ̂μ ̂ν ̂ρ, ̂σ ̂τ = 1

6 ε ̂μ ̂ν ̂ρ ̂η ̂κ ̂λ S ̂η ̂κ ̂λ
̂σ ̂τ

[Hull, 2000]
[Curtright, 1980]exotic tensor field  (6D) C ̂μ ̂ν, ̂ρ



A B

Henning Samtleben                                                                                                   ENS de Lyon

the selfdual Curtright field

exotic tensor field  (6D) C ̂μ ̂ν, ̂ρ

S ̂μ ̂ν ̂ρ, ̂σ ̂τ = 3 ∂ ̂σ∂[ ̂μC ̂ν ̂ρ], ̂τ − 3 ∂ ̂τ∂[ ̂μC ̂ν ̂ρ], ̂σ gauge invariant second order curvature 

[Hull, 2000]
[Curtright, 1980]

[de Medeiros, Hull] [Bekaert, Boulanger]

 selfduality equation (2nd order)
S ̂μ ̂ν ̂ρ, ̂σ ̂τ = 1

6 ε ̂μ ̂ν ̂ρ ̂η ̂κ ̂λ S ̂η ̂κ ̂λ
̂σ ̂τ

{C ̂μ ̂ν, ̂ρ} = {Cμν,ρ − 2 A[μην]ρ ; Cμ6,ν = hμν + Bμν ; Cμ6,6 = 2 Aμ} Kaluza-Klein reduction to 5D

@�

�
Fµ⌫ + 1

6 "µ⌫⇢�⌧ H
⇢�⌧

�
= 0

<latexit sha1_base64="MesgnDgIdLlo0wMHuISSC6gct9A="></latexit>

Rµ⌫,⇢� � 1
2 "µ⌫�⌧ @[⇢@

C�⌧
�] = 0
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vector-tensor duality

spin-2 duality ∂
∂ ∂ ∂⟷

∂
∂⟷

 Exotic tensor calculus / generalized Poincaré Lemma
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D = 6
𝒩 = (3,1)

                  and                   only known as free theories 

interacting theories conjectured to describe strong coupling limits of 
maximal D=5 theories

𝒩 = (3,1) 𝒩 = (4,0)

[Hull, 2000]

selfduality equations (for 2nd order field strengths)                           no action principle[Hull]
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D = 6
𝒩 = (3,1)

                  and                   only known as free theories 

interacting theories conjectured to describe strong coupling limits of 
maximal D=5 theories

𝒩 = (3,1) 𝒩 = (4,0)

[Hull, 2000]

selfduality equations (for 2nd order field strengths)                           no action principle[Hull]

4th order in spatial derivatives

 linear in time derivatives
⇢
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 5+1 split 
 prepotentials for gauge fields, action

[Henneaux, Lekeu, Leonard, Matulich, Prohazka, 2018]    until 
    free actions in prepotential formalism
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D = 6
𝒩 = (3,1)

                  and                   only known as free theories 

interacting theories conjectured to describe strong coupling limits of 
maximal D=5 theories

𝒩 = (3,1) 𝒩 = (4,0)

[Hull, 2000]

here:               two-derivative actions  (ExFT inspired)

selfduality equations (for 2nd order field strengths)                           no action principle[Hull]

4th order in spatial derivatives

 linear in time derivatives
⇢
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 5+1 split 
 prepotentials for gauge fields, action

[Henneaux, Lekeu, Leonard, Matulich, Prohazka, 2018]    until 
    free actions in prepotential formalism
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D = 6

here:               two-derivative actions  (ExFT inspired)

 5+1 split

 after reduction to 5D: standard action of (the free limit of) maximal supergravity
 after KK-decomposition, redefinition, and dualization of fields

 keeping the 6th dimension: ‘deformation’ of the 5D action in  ∂6

 for supergravity the analogous construction yields ExFT
 upon embedding the internal coordinates into a larger covariant structure

𝒩 = (2,2) 𝒩 = (4,0)

gµ⌫ (1) Aµ (16) Bµ⌫ (5) � (25)

<latexit sha1_base64="jmcWym40wx3xeh7nuC/w8HbI+Xw="></latexit>

Cµ⌫,⇢ (1) Aµ (14) Bµ⌫ (12) � (28)

<latexit sha1_base64="8V7GuUhm9BhSw4CcUJF5LMZ+scQ="></latexit>

Tµ⌫,⇢� (1) Bµ⌫ (27) � (42)

<latexit sha1_base64="kdJx4t6D6xggA1SbDpQY1Z+fXUk="></latexit>

+ + + +

𝒩 = (3,1)
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novel action functionals

selfdual two forms (review) 

selfdual exotic tensors
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review: actions for selfdual two forms 

                  and                   in particular carry 6D selfdual two-forms𝒩 = (3,1) 𝒩 = (4,0)

various mechanisms for constructing actions

 5+1 split  [Henneaux, Teitelboim] 
 covariant, extra scalar [Pasti, Sorokin, Tonin]  
 ExFT style, 5+1 split, (dual to HT) 

 extra fields  [Sen] [Mkrtchyan] 

Hµ̂⌫̂⇢̂ =
1

6
"µ̂⌫̂⇢̂�̂̂�̂ H

�̂̂�̂

<latexit sha1_base64="OOQDHTrxpAgrp9aSJWqOkCp8v6U="></latexit>

Hµ̂⌫̂⇢̂ = 3 @[µ̂B⌫̂⇢̂]

<latexit sha1_base64="bWDRq6kVK+5+vrmKRrInNHWTgGE="></latexit>
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review: actions for selfdual two forms 

                  and                   in particular carry 6D selfdual two-forms𝒩 = (3,1) 𝒩 = (4,0)

various mechanisms for constructing actions

 5+1 split  [Henneaux, Teitelboim] 
 covariant, extra scalar [Pasti, Sorokin, Tonin]  
 ExFT style, 5+1 split, (dual to HT) 

 extra fields  [Sen] [Mkrtchyan] 

Hµ̂⌫̂⇢̂ =
1

6
"µ̂⌫̂⇢̂�̂̂�̂ H

�̂̂�̂

<latexit sha1_base64="OOQDHTrxpAgrp9aSJWqOkCp8v6U="></latexit>

Hµ̂⌫̂⇢̂ = 3 @[µ̂B⌫̂⇢̂]

<latexit sha1_base64="bWDRq6kVK+5+vrmKRrInNHWTgGE="></latexit>

Fµ⌫ +
1

6
"µ⌫⇢�⌧ H

⇢�⌧ = 0

<latexit sha1_base64="CLdAuTAcL9OChVIpkx4D224mHbg="></latexit>

Fµ⌫ ⌘ Fµ⌫ + @6Bµ⌫

<latexit sha1_base64="+bo0O+tQr0CA+trPDptWEvKXA1Q="></latexit>

5+1 split                                  but no reduction{xµ̂} �! {xµ, y}

<latexit sha1_base64="umUqmieklbzDaQCScwV2LJEYo5M=">AAACD3icbVBLSwMxGMz6rPVV9eglWAQPUnalYL0VvHisYB/QtCWbpm1odrMk32rLsj/Ci3/Fi4gXRX+C/8b0cWnrQGCYmZDM+JEUBlz311lb39jc2s7sZHf39g8Oc0fHNaNizXiVKal0w6eGSxHyKgiQvBFpTgNf8ro/vJ349UeujVDhA4wj3gpoPxQ9wShYqZNzSYJH7YQMKCQkiNOUpJhIFfa16A+Aaq2eMElGbetd4jEmaSeXdwvuFHiVeHOSR3NUOrlv0lUsDngITFJjmp4bQSuhGgSTPM2S2PCIsiHt82TaJ8XnVurintL2hICn6kKOBsaMA98mAwoDs+xNxP+8Zgy9UisRYRQDD9nsoV4sMSg8GQd3heYM5NgSyrSwP8RsQDVlYCfM2urectFVUrsqeMXCzX0xXy7NR8igU3SGLpCHrlEZ3aEKqiKGXtAb+kRfzrPz6rw7H7PomjO/c4IW4Pz8AcZPnOM=</latexit>

 selfduality         duality equation (vector/tensor)

{Bµ̂⌫̂} = {Bµ⌫ , Bµ6 ⌘ Aµ}

<latexit sha1_base64="Pn+LAr2nK3HKjFbgduPU5GmHR28=">AAACHHicbVBLSwMxGMzWV62vVY9egkXwIGVXitaDUPXisYJ9QLcs2TRtQ7MP8yiUZf+KF/+KB0W8KAj+G7PbvbT1g5DJzIRkxosYFdKyfo3Cyura+kZxs7S1vbO7Z+4ftESoOCZNHLKQdzwkCKMBaUoqGelEnCDfY6Ttje9SvT0hXNAweJTTiPR8NAzogGIkNeWa105868bOCEnHV9kWqMRJclpT+ngGZxheJNAhT4pO4I2baolrlq2KlQ1cBnYOyiCfhmu+Of0QK58EEjMkRNe2ItmLEZcUM5KUHCVIhPAYDUmchUvgiab6cBByvQIJM3bOh3whpr6nnT6SI7GopeR/WlfJQa0X0yBSkgR49tBAMShDmDYF+5QTLNlUA4Q51T+EeIQ4wlL3WdLR7cWgy6B1XrGrlauHarley0sogiNwDE6BDS5BHdyDBmgCDF7AO/gC38az8Wp8GJ8za8HI7xyCuTF+/gA4faHS</latexit>

Hµ⌫⇢ = 3 @[µB⌫⇢]

<latexit sha1_base64="5WzYqd6im77vzU2O0CZTl6XLN0M="></latexit>

action principle for this equation

Fµ⌫ = 2 @[µA⌫]

<latexit sha1_base64="pj1ptJJGvtLAo9xnmgyf18K5VR8="></latexit>
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Fµ⌫ ⌘ Fµ⌫ + @6Bµ⌫

<latexit sha1_base64="+bo0O+tQr0CA+trPDptWEvKXA1Q="></latexit>

Fµ⌫ +
1

6
"µ⌫⇢�⌧ H

⇢�⌧ = 0

<latexit sha1_base64="CLdAuTAcL9OChVIpkx4D224mHbg="></latexit>

⟹
@µFµ⌫ = 0

<latexit sha1_base64="riBaPJE24l5N+MTsFArmJf4YEGQ=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIwboQCoK4rGAf0Kklk2ba0ExmSDJCGWbnxl9xI+JGwQ/wF/wbM+1s2nogcHLuCTfneBFnStv2r1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5ts3nmiUrFQPOhpRPsBHgnmM4K1kQblihthqRnmj24Qo8QlmKPbdJCYmyviFKFrZBuXXbVnQKvEyUkFcjQH5R93GJI4oEITjpXqOXak+0m2iHCaltxY0QiTCR7RZBYhRWdGGiI/lOYIjWbqgg8HSk0DzzgDrMdqeZaJ/816sfbr/YSJKNZUkPkiP+ZIhyjrAw2ZpETzqSGYSGZ+iMgYS0y0aa1kojvLQVdJ+6Lq1KpX97VKo56XUIQTOIVzcOASGnAHTWgBgRd4g0/4sp6tV+vd+phbC1b+5hgWYH3/AQBjlkY=</latexit>

(divergence)

@�H
�µ⌫ = 1

6 "
µ⌫��⌧

@6H��⌧

<latexit sha1_base64="rLc+liIP9dba++CH1Mo/GJyNqwQ="></latexit>

(curl)

review: actions for selfdual two forms 
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Fµ⌫ ⌘ Fµ⌫ + @6Bµ⌫

<latexit sha1_base64="+bo0O+tQr0CA+trPDptWEvKXA1Q="></latexit>

Fµ⌫ +
1

6
"µ⌫⇢�⌧ H

⇢�⌧ = 0

<latexit sha1_base64="CLdAuTAcL9OChVIpkx4D224mHbg="></latexit>

⟹
@µFµ⌫ = 0

<latexit sha1_base64="riBaPJE24l5N+MTsFArmJf4YEGQ=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIwboQCoK4rGAf0Kklk2ba0ExmSDJCGWbnxl9xI+JGwQ/wF/wbM+1s2nogcHLuCTfneBFnStv2r1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5ts3nmiUrFQPOhpRPsBHgnmM4K1kQblihthqRnmj24Qo8QlmKPbdJCYmyviFKFrZBuXXbVnQKvEyUkFcjQH5R93GJI4oEITjpXqOXak+0m2iHCaltxY0QiTCR7RZBYhRWdGGiI/lOYIjWbqgg8HSk0DzzgDrMdqeZaJ/816sfbr/YSJKNZUkPkiP+ZIhyjrAw2ZpETzqSGYSGZ+iMgYS0y0aa1kojvLQVdJ+6Lq1KpX97VKo56XUIQTOIVzcOASGnAHTWgBgRd4g0/4sp6tV+vd+phbC1b+5hgWYH3/AQBjlkY=</latexit>

(divergence)

@�H
�µ⌫ = 1

6 "
µ⌫��⌧

@6H��⌧

<latexit sha1_base64="rLc+liIP9dba++CH1Mo/GJyNqwQ="></latexit>

(curl)

review: actions for selfdual two forms 

Henneaux-Teitelboim action

L = � 1

12
Hµ⌫⇢ H

µ⌫⇢ +
1

24
"
µ⌫⇢�⌧

@6Bµ⌫ H⇢�⌧

<latexit sha1_base64="iQDWmJXHFOqihMbWjKZfCShTdeo="></latexit>

 does not feature the vector field

[1988]
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Fµ⌫ ⌘ Fµ⌫ + @6Bµ⌫

<latexit sha1_base64="+bo0O+tQr0CA+trPDptWEvKXA1Q="></latexit>

Fµ⌫ +
1

6
"µ⌫⇢�⌧ H

⇢�⌧ = 0

<latexit sha1_base64="CLdAuTAcL9OChVIpkx4D224mHbg="></latexit>

⟹
@µFµ⌫ = 0

<latexit sha1_base64="riBaPJE24l5N+MTsFArmJf4YEGQ=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIwboQCoK4rGAf0Kklk2ba0ExmSDJCGWbnxl9xI+JGwQ/wF/wbM+1s2nogcHLuCTfneBFnStv2r1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5ts3nmiUrFQPOhpRPsBHgnmM4K1kQblihthqRnmj24Qo8QlmKPbdJCYmyviFKFrZBuXXbVnQKvEyUkFcjQH5R93GJI4oEITjpXqOXak+0m2iHCaltxY0QiTCR7RZBYhRWdGGiI/lOYIjWbqgg8HSk0DzzgDrMdqeZaJ/816sfbr/YSJKNZUkPkiP+ZIhyjrAw2ZpETzqSGYSGZ+iMgYS0y0aa1kojvLQVdJ+6Lq1KpX97VKo56XUIQTOIVzcOASGnAHTWgBgRd4g0/4sp6tV+vd+phbC1b+5hgWYH3/AQBjlkY=</latexit>

(divergence)

@�H
�µ⌫ = 1

6 "
µ⌫��⌧

@6H��⌧

<latexit sha1_base64="rLc+liIP9dba++CH1Mo/GJyNqwQ="></latexit>

(curl)

e.o.m.: @�H
�µ⌫ = 1

6 "
µ⌫��⌧

@6H��⌧

<latexit sha1_base64="rLc+liIP9dba++CH1Mo/GJyNqwQ="></latexit>

review: actions for selfdual two forms 

Henneaux-Teitelboim action

L = � 1

12
Hµ⌫⇢ H

µ⌫⇢ +
1

24
"
µ⌫⇢�⌧

@6Bµ⌫ H⇢�⌧

<latexit sha1_base64="iQDWmJXHFOqihMbWjKZfCShTdeo="></latexit>

 does not feature the vector field

[1988]
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Fµ⌫ ⌘ Fµ⌫ + @6Bµ⌫

<latexit sha1_base64="+bo0O+tQr0CA+trPDptWEvKXA1Q="></latexit>

Fµ⌫ +
1

6
"µ⌫⇢�⌧ H

⇢�⌧ = 0

<latexit sha1_base64="CLdAuTAcL9OChVIpkx4D224mHbg="></latexit>

⟹
@µFµ⌫ = 0

<latexit sha1_base64="riBaPJE24l5N+MTsFArmJf4YEGQ=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIwboQCoK4rGAf0Kklk2ba0ExmSDJCGWbnxl9xI+JGwQ/wF/wbM+1s2nogcHLuCTfneBFnStv2r1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5ts3nmiUrFQPOhpRPsBHgnmM4K1kQblihthqRnmj24Qo8QlmKPbdJCYmyviFKFrZBuXXbVnQKvEyUkFcjQH5R93GJI4oEITjpXqOXak+0m2iHCaltxY0QiTCR7RZBYhRWdGGiI/lOYIjWbqgg8HSk0DzzgDrMdqeZaJ/816sfbr/YSJKNZUkPkiP+ZIhyjrAw2ZpETzqSGYSGZ+iMgYS0y0aa1kojvLQVdJ+6Lq1KpX97VKo56XUIQTOIVzcOASGnAHTWgBgRd4g0/4sp6tV+vd+phbC1b+5hgWYH3/AQBjlkY=</latexit>

(divergence)

@�H
�µ⌫ = 1

6 "
µ⌫��⌧

@6H��⌧

<latexit sha1_base64="rLc+liIP9dba++CH1Mo/GJyNqwQ="></latexit>

(curl)

e.o.m.: @�H
�µ⌫ = 1

6 "
µ⌫��⌧

@6H��⌧

<latexit sha1_base64="rLc+liIP9dba++CH1Mo/GJyNqwQ="></latexit>

2 @[µA⌫] = �@6Bµ⌫ � 1

6
"µ⌫⇢�⌧ H

⇢�⌧

<latexit sha1_base64="OkLyfjiuHUV4vD3/1dBrctBhjh4="></latexit>

 integrability relation for defining the vector field via

review: actions for selfdual two forms 

Henneaux-Teitelboim action

L = � 1

12
Hµ⌫⇢ H

µ⌫⇢ +
1

24
"
µ⌫⇢�⌧

@6Bµ⌫ H⇢�⌧

<latexit sha1_base64="iQDWmJXHFOqihMbWjKZfCShTdeo="></latexit>

 does not feature the vector field

[1988]
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Fµ⌫ ⌘ Fµ⌫ + @6Bµ⌫

<latexit sha1_base64="+bo0O+tQr0CA+trPDptWEvKXA1Q="></latexit>

Fµ⌫ +
1

6
"µ⌫⇢�⌧ H

⇢�⌧ = 0

<latexit sha1_base64="CLdAuTAcL9OChVIpkx4D224mHbg="></latexit>

⟹
@µFµ⌫ = 0

<latexit sha1_base64="riBaPJE24l5N+MTsFArmJf4YEGQ=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIwboQCoK4rGAf0Kklk2ba0ExmSDJCGWbnxl9xI+JGwQ/wF/wbM+1s2nogcHLuCTfneBFnStv2r1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5ts3nmiUrFQPOhpRPsBHgnmM4K1kQblihthqRnmj24Qo8QlmKPbdJCYmyviFKFrZBuXXbVnQKvEyUkFcjQH5R93GJI4oEITjpXqOXak+0m2iHCaltxY0QiTCR7RZBYhRWdGGiI/lOYIjWbqgg8HSk0DzzgDrMdqeZaJ/816sfbr/YSJKNZUkPkiP+ZIhyjrAw2ZpETzqSGYSGZ+iMgYS0y0aa1kojvLQVdJ+6Lq1KpX97VKo56XUIQTOIVzcOASGnAHTWgBgRd4g0/4sp6tV+vd+phbC1b+5hgWYH3/AQBjlkY=</latexit>

(divergence)

@�H
�µ⌫ = 1

6 "
µ⌫��⌧

@6H��⌧

<latexit sha1_base64="rLc+liIP9dba++CH1Mo/GJyNqwQ="></latexit>

(curl)

ExFT type action

L = �1

4
Fµ⌫Fµ⌫ � 1

24
"
µ⌫⇢�⌧

@6Bµ⌫ H⇢�⌧

<latexit sha1_base64="aue9bnx9KCE78R79UdiCvPFfUnc="></latexit>

review: actions for selfdual two forms 
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Fµ⌫ ⌘ Fµ⌫ + @6Bµ⌫

<latexit sha1_base64="+bo0O+tQr0CA+trPDptWEvKXA1Q="></latexit>

Fµ⌫ +
1

6
"µ⌫⇢�⌧ H

⇢�⌧ = 0

<latexit sha1_base64="CLdAuTAcL9OChVIpkx4D224mHbg="></latexit>

⟹
@µFµ⌫ = 0

<latexit sha1_base64="riBaPJE24l5N+MTsFArmJf4YEGQ=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIwboQCoK4rGAf0Kklk2ba0ExmSDJCGWbnxl9xI+JGwQ/wF/wbM+1s2nogcHLuCTfneBFnStv2r1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5ts3nmiUrFQPOhpRPsBHgnmM4K1kQblihthqRnmj24Qo8QlmKPbdJCYmyviFKFrZBuXXbVnQKvEyUkFcjQH5R93GJI4oEITjpXqOXak+0m2iHCaltxY0QiTCR7RZBYhRWdGGiI/lOYIjWbqgg8HSk0DzzgDrMdqeZaJ/816sfbr/YSJKNZUkPkiP+ZIhyjrAw2ZpETzqSGYSGZ+iMgYS0y0aa1kojvLQVdJ+6Lq1KpX97VKo56XUIQTOIVzcOASGnAHTWgBgRd4g0/4sp6tV+vd+phbC1b+5hgWYH3/AQBjlkY=</latexit>

(divergence)

@�H
�µ⌫ = 1

6 "
µ⌫��⌧

@6H��⌧

<latexit sha1_base64="rLc+liIP9dba++CH1Mo/GJyNqwQ="></latexit>

(curl)

ExFT type action

L = �1

4
Fµ⌫Fµ⌫ � 1

24
"
µ⌫⇢�⌧

@6Bµ⌫ H⇢�⌧

<latexit sha1_base64="aue9bnx9KCE78R79UdiCvPFfUnc="></latexit>

@µFµ⌫ = 0

<latexit sha1_base64="riBaPJE24l5N+MTsFArmJf4YEGQ=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIwboQCoK4rGAf0Kklk2ba0ExmSDJCGWbnxl9xI+JGwQ/wF/wbM+1s2nogcHLuCTfneBFnStv2r1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5ts3nmiUrFQPOhpRPsBHgnmM4K1kQblihthqRnmj24Qo8QlmKPbdJCYmyviFKFrZBuXXbVnQKvEyUkFcjQH5R93GJI4oEITjpXqOXak+0m2iHCaltxY0QiTCR7RZBYhRWdGGiI/lOYIjWbqgg8HSk0DzzgDrMdqeZaJ/816sfbr/YSJKNZUkPkiP+ZIhyjrAw2ZpETzqSGYSGZ+iMgYS0y0aa1kojvLQVdJ+6Lq1KpX97VKo56XUIQTOIVzcOASGnAHTWgBgRd4g0/4sp6tV+vd+phbC1b+5hgWYH3/AQBjlkY=</latexit>

0 = @6

⇣
Fµ⌫ + 1

6 "µ⌫⇢�⌧ H
⇢�⌧

⌘

<latexit sha1_base64="as4lpH9e0iuJcjUVCIqpBI59L+g="></latexit>

e.o.m.:

review: actions for selfdual two forms 
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Fµ⌫ ⌘ Fµ⌫ + @6Bµ⌫

<latexit sha1_base64="+bo0O+tQr0CA+trPDptWEvKXA1Q="></latexit>

Fµ⌫ +
1

6
"µ⌫⇢�⌧ H

⇢�⌧ = 0

<latexit sha1_base64="CLdAuTAcL9OChVIpkx4D224mHbg="></latexit>

⟹
@µFµ⌫ = 0

<latexit sha1_base64="riBaPJE24l5N+MTsFArmJf4YEGQ=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIwboQCoK4rGAf0Kklk2ba0ExmSDJCGWbnxl9xI+JGwQ/wF/wbM+1s2nogcHLuCTfneBFnStv2r1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5ts3nmiUrFQPOhpRPsBHgnmM4K1kQblihthqRnmj24Qo8QlmKPbdJCYmyviFKFrZBuXXbVnQKvEyUkFcjQH5R93GJI4oEITjpXqOXak+0m2iHCaltxY0QiTCR7RZBYhRWdGGiI/lOYIjWbqgg8HSk0DzzgDrMdqeZaJ/816sfbr/YSJKNZUkPkiP+ZIhyjrAw2ZpETzqSGYSGZ+iMgYS0y0aa1kojvLQVdJ+6Lq1KpX97VKo56XUIQTOIVzcOASGnAHTWgBgRd4g0/4sp6tV+vd+phbC1b+5hgWYH3/AQBjlkY=</latexit>

(divergence)

@�H
�µ⌫ = 1

6 "
µ⌫��⌧

@6H��⌧

<latexit sha1_base64="rLc+liIP9dba++CH1Mo/GJyNqwQ="></latexit>

(curl)

ExFT type action

L = �1

4
Fµ⌫Fµ⌫ � 1

24
"
µ⌫⇢�⌧

@6Bµ⌫ H⇢�⌧

<latexit sha1_base64="aue9bnx9KCE78R79UdiCvPFfUnc="></latexit>

@µFµ⌫ = 0

<latexit sha1_base64="riBaPJE24l5N+MTsFArmJf4YEGQ=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIwboQCoK4rGAf0Kklk2ba0ExmSDJCGWbnxl9xI+JGwQ/wF/wbM+1s2nogcHLuCTfneBFnStv2r1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5ts3nmiUrFQPOhpRPsBHgnmM4K1kQblihthqRnmj24Qo8QlmKPbdJCYmyviFKFrZBuXXbVnQKvEyUkFcjQH5R93GJI4oEITjpXqOXak+0m2iHCaltxY0QiTCR7RZBYhRWdGGiI/lOYIjWbqgg8HSk0DzzgDrMdqeZaJ/816sfbr/YSJKNZUkPkiP+ZIhyjrAw2ZpETzqSGYSGZ+iMgYS0y0aa1kojvLQVdJ+6Lq1KpX97VKo56XUIQTOIVzcOASGnAHTWgBgRd4g0/4sp6tV+vd+phbC1b+5hgWYH3/AQBjlkY=</latexit>

0 = @6

⇣
Fµ⌫ + 1

6 "µ⌫⇢�⌧ H
⇢�⌧

⌘

<latexit sha1_base64="as4lpH9e0iuJcjUVCIqpBI59L+g="></latexit>

e.o.m.:

⟹ Fµ⌫ + 1
6 "µ⌫⇢�⌧ H

⇢�⌧ = �µ⌫(x) =
1
2 "µ⌫⇢�⌧ @

⇢
b
�⌧

<latexit sha1_base64="TN9SslLPkcE5lG42MCpngQ1py8g="></latexit>

 yields the original duality equation upon redefining Bµ⌫ �! Bµ⌫ � bµ⌫

<latexit sha1_base64="zzHWnVAbniPDlW/f/4Q/kR20EEM=">AAACEXicbVDNSgMxGMzWv1r/Vj16CRbBi2W3FKy3ohePFWwrdMuSTbPb0Gyy5EcpS5/Ci6/iRcSLBZ/At3HbLmJbBwKTme8jmQkSRpV2nG+rsLa+sblV3C7t7O7tH9iHR20ljMSkhQUT8iFAijDKSUtTzchDIgmKA0Y6wfBm6nceiVRU8Hs9SkgvRhGnIcVIZ5JvV6/91IuNx80YekzwSNJooJGU4gn+sS5g8Hvx7bJTcWaAq8TNSRnkaPr2xOsLbGLCNWZIqa7rJLqXIqkpZmRc8owiCcJDFJF0lmgMzzKpD0Mhs8M1nKkLcyhWahQH2WSM9EAte1PxP69rdFjvpZQnRhOO5w+FhkEt4LQe2KeSYM1GGUFY0uyHEA+QRFhnJZay6O5y0FXSrlbcWuXqrlZu1PMSiuAEnIJz4IJL0AC3oAlaAIMX8AY+wcR6tl6td+tjPlqw8p1jsADr6wc9fp2w</latexit>

 fixing a local gauge symmetry of the ExFT action

review: actions for selfdual two forms 
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Fµ⌫ ⌘ Fµ⌫ + @6Bµ⌫

<latexit sha1_base64="+bo0O+tQr0CA+trPDptWEvKXA1Q="></latexit>

Fµ⌫ +
1

6
"µ⌫⇢�⌧ H

⇢�⌧ = 0

<latexit sha1_base64="CLdAuTAcL9OChVIpkx4D224mHbg="></latexit>

⟹
@µFµ⌫ = 0

<latexit sha1_base64="riBaPJE24l5N+MTsFArmJf4YEGQ=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIwboQCoK4rGAf0Kklk2ba0ExmSDJCGWbnxl9xI+JGwQ/wF/wbM+1s2nogcHLuCTfneBFnStv2r1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k5ts3nmiUrFQPOhpRPsBHgnmM4K1kQblihthqRnmj24Qo8QlmKPbdJCYmyviFKFrZBuXXbVnQKvEyUkFcjQH5R93GJI4oEITjpXqOXak+0m2iHCaltxY0QiTCR7RZBYhRWdGGiI/lOYIjWbqgg8HSk0DzzgDrMdqeZaJ/816sfbr/YSJKNZUkPkiP+ZIhyjrAw2ZpETzqSGYSGZ+iMgYS0y0aa1kojvLQVdJ+6Lq1KpX97VKo56XUIQTOIVzcOASGnAHTWgBgRd4g0/4sp6tV+vd+phbC1b+5hgWYH3/AQBjlkY=</latexit>

(divergence)

@�H
�µ⌫ = 1

6 "
µ⌫��⌧

@6H��⌧

<latexit sha1_base64="rLc+liIP9dba++CH1Mo/GJyNqwQ="></latexit>

(curl)

ExFT type action

L = �1

4
Fµ⌫Fµ⌫ � 1

24
"
µ⌫⇢�⌧

@6Bµ⌫ H⇢�⌧

<latexit sha1_base64="aue9bnx9KCE78R79UdiCvPFfUnc="></latexit>

Henneaux-Teitelboim action

L = � 1

12
Hµ⌫⇢ H

µ⌫⇢ +
1

24
"
µ⌫⇢�⌧

@6Bµ⌫ H⇢�⌧

<latexit sha1_base64="iQDWmJXHFOqihMbWjKZfCShTdeo="></latexit>

 ‘deformation’ of the free tensor field Lagrangian

 ‘deformation’ of the free vector field Lagrangian

generalize this to selfdual exotic tensor fields

review: actions for selfdual two forms 
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exotic tensor field C ̂μ ̂ν, ̂ρ S ̂μ ̂ν ̂ρ, ̂σ ̂τ = 1
6 ε ̂μ ̂ν ̂ρ ̂η ̂κ ̂λ S ̂η ̂κ ̂λ

̂σ ̂τ

 selfduality equation in 5+1 split

actions for selfdual exotic tensors:  the  model𝒩 = (3,1)

S ̂μ ̂ν ̂ρ, ̂σ ̂τ = 3 ∂ ̂σ∂[ ̂μC ̂ν ̂ρ], ̂τ − 3 ∂ ̂τ∂[ ̂μC ̂ν ̂ρ], ̂σ gauge invariant second order curvature 

{C ̂μ ̂ν, ̂ρ} = {Cμν,ρ − 2 A[μην]ρ ; Cμ6,ν = hμν + Bμν ; Cμ6,6 = 2 Aμ}
no reduction!
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exotic tensor field C ̂μ ̂ν, ̂ρ S ̂μ ̂ν ̂ρ, ̂σ ̂τ = 1
6 ε ̂μ ̂ν ̂ρ ̂η ̂κ ̂λ S ̂η ̂κ ̂λ

̂σ ̂τ

 selfduality equation in 5+1 split

actions for selfdual exotic tensors:  the  model𝒩 = (3,1)

S ̂μ ̂ν ̂ρ, ̂σ ̂τ = 3 ∂ ̂σ∂[ ̂μC ̂ν ̂ρ], ̂τ − 3 ∂ ̂τ∂[ ̂μC ̂ν ̂ρ], ̂σ gauge invariant second order curvature 

vector/tensor duality

spin-2 duality

≈

≈

{C ̂μ ̂ν, ̂ρ} = {Cμν,ρ − 2 A[μην]ρ ; Cμ6,ν = hμν + Bμν ; Cμ6,6 = 2 Aμ}
no reduction!
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exotic tensor field C ̂μ ̂ν, ̂ρ S ̂μ ̂ν ̂ρ, ̂σ ̂τ = 1
6 ε ̂μ ̂ν ̂ρ ̂η ̂κ ̂λ S ̂η ̂κ ̂λ

̂σ ̂τ

   

   

≈

≈

 integrate to first-order duality equations

up to an antisymmetric tensor

 construct an action as a  ‘    -deformation’ of the standard 5D action

≈
≈

actions for selfdual exotic tensors:  the  model𝒩 = (3,1)
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exotic tensor field C ̂μ ̂ν, ̂ρ S ̂μ ̂ν ̂ρ, ̂σ ̂τ = 1
6 ε ̂μ ̂ν ̂ρ ̂η ̂κ ̂λ S ̂η ̂κ ̂λ

̂σ ̂τ

   

   

 integrate to first-order duality equations

up to an antisymmetric tensor

 construct an action as a  ‘    -deformation’ of the standard 5D action

≈
≈

actions for selfdual exotic tensors:  the  model𝒩 = (3,1)
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exotic tensor field C ̂μ ̂ν, ̂ρ

≈
≈

Pauli-Fierz Maxwell

 construct an action as a  ‘    -deformation’ of the standard 5D action

actions for selfdual exotic tensors:  the  model𝒩 = (3,1)
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exotic tensor field C ̂μ ̂ν, ̂ρ

≈
≈

 construct an action as a  ‘    -deformation’ of the standard 5D action

actions for selfdual exotic tensors:  the  model𝒩 = (3,1)
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exotic tensor field C ̂μ ̂ν, ̂ρ

≈
≈

 construct an action as a  ‘    -deformation’ of the standard 5D action

actions for selfdual exotic tensors:  the  model𝒩 = (3,1)
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exotic tensor field C ̂μ ̂ν, ̂ρ

 construct an action as a  ‘    -deformation’ of the standard 5D action

≈
≈

 variation w.r.t.               yields (deformed) Pauli-Fierz and Maxwell equations

 variation w.r.t.                            yields first-order duality equations  (under     )

 (locally) equivalent reformulation of the 6D selfduality equations

actions for selfdual exotic tensors:  the  model𝒩 = (3,1)
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exotic tensor field T ̂μ ̂ν, ̂ρ ̂σ

 gauge invariant second order curvature 

∂ ∂

 selfduality equation (2nd order)

actions for selfdual exotic tensors:  the  model𝒩 = (4,0)

[Hull, 2000]



A B

Henning Samtleben                                                                                                   ENS de Lyon

exotic tensor field T ̂μ ̂ν, ̂ρ ̂σ

 gauge invariant second order curvature 

∂ ∂

 Kaluza-Klein 5+1 split

 selfduality equation (2nd order)

actions for selfdual exotic tensors:  the  model𝒩 = (4,0)

[Hull, 2000]
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exotic tensor field T ̂μ ̂ν, ̂ρ ̂σ

≈
≈

 integrate to first-order duality equations

up to tensors

actions for selfdual exotic tensors:  the  model𝒩 = (4,0)
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exotic tensor field T ̂μ ̂ν, ̂ρ ̂σ

≈
≈

 integrate to first-order duality equations

up to tensors

 construct an action as a  ‘    -deformation’ of the standard 5D action

actions for selfdual exotic tensors:  the  model𝒩 = (4,0)
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𝒩 = (2,2) 𝒩 = (4,0)

gµ⌫ (1) Aµ (16) Bµ⌫ (5) � (25)

<latexit sha1_base64="jmcWym40wx3xeh7nuC/w8HbI+Xw="></latexit>

Cµ⌫,⇢ (1) Aµ (14) Bµ⌫ (12) � (28)

<latexit sha1_base64="8V7GuUhm9BhSw4CcUJF5LMZ+scQ="></latexit>

+ + Tµ⌫,⇢� (1) Bµ⌫ (27) � (42)

<latexit sha1_base64="kdJx4t6D6xggA1SbDpQY1Z+fXUk="></latexit>

+ +

𝒩 = (3,1)

actions for exotic supergravities
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𝒩 = (2,2) 𝒩 = (4,0)

gµ⌫ (1) Aµ (16) Bµ⌫ (5) � (25)

<latexit sha1_base64="jmcWym40wx3xeh7nuC/w8HbI+Xw="></latexit>

Cµ⌫,⇢ (1) Aµ (14) Bµ⌫ (12) � (28)

<latexit sha1_base64="8V7GuUhm9BhSw4CcUJF5LMZ+scQ="></latexit>

+ + Tµ⌫,⇢� (1) Bµ⌫ (27) � (42)

<latexit sha1_base64="kdJx4t6D6xggA1SbDpQY1Z+fXUk="></latexit>

+ +

𝒩 = (3,1)

finally: add standard scalar, vector, tensor couplings  (ExFT form)

actions for exotic supergravities
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actions for exotic supergravities

uniform action  (‘deformation’ of free 5D supergravity)

 where            carries the dual fields         

𝒩 = (2,2) 𝒩 = (4,0)

gµ⌫ (1) Aµ (16) Bµ⌫ (5) � (25)

<latexit sha1_base64="jmcWym40wx3xeh7nuC/w8HbI+Xw="></latexit>

Cµ⌫,⇢ (1) Aµ (14) Bµ⌫ (12) � (28)

<latexit sha1_base64="8V7GuUhm9BhSw4CcUJF5LMZ+scQ="></latexit>

+ + Tµ⌫,⇢� (1) Bµ⌫ (27) � (42)

<latexit sha1_base64="kdJx4t6D6xggA1SbDpQY1Z+fXUk="></latexit>

+ +

𝒩 = (3,1)

master formulation  (extension of exceptional field theory)
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conclusions

  novel two-derivative action functionals for (free) ,  exotic tensors 𝒩 = (3,1) 𝒩 = (4,0)

  5+1 split

  uniform actions, (‘deformation’ of free 5D supergravity)

  master formulation extending (free) E6 exceptional field theory 

dMNK@N ⌦ @K � 1p
10

�MN (@N ⌦ @• + @• ⌦ @N ) = 0

<latexit sha1_base64="mGf75W2aHKlCnaFeD6WlsfpNChA="></latexit>

{@M , @•}

<latexit sha1_base64="+ugHJ8mUNvdfDHNb1peScItMAfs=">AAACAXicdVDLSgMxFM3UV62vUZduQovgQoaMVm13BTduhAr2AZ0yZNJMG5p5kGSEMnTlxl9xI+JGwR/wF/wb0+mIVPRC4HDOyU3O8WLOpELo0ygsLa+srhXXSxubW9s75u5eW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa88eVM79xRIVkU3qpJTPsBHobMZwQrTblm2UmhE2OhGObu9fEPdryEc6qgM3XNCrLOkF0/RxBZKJsM1OxTG9o5UwH5NF3zwxlEJAloqAjHUvZsFKt+OltMOJ2WnETSGJMxHtI0SzCFh5oaQD8S+oQKZuyCDwdSTgJPOwOsRvK3NiP/0nqJ8mv9lIVxomhI5g/5CYcqgrM64IAJShSfaICJYPqHkIywwETp0ko6+nc++D9on1h21arfVCuNWl5CERyAMjgCNrgADXAFmqAFCHgAT+AVvBn3xqPxbLzMrQUjv7MPFsZ4/wI35JaL</latexit>

  extra coordinates                 and ‘generalized’ section constraint

𝒩 = (4,0)

𝒩 = (3,1)

𝒩 = (2,2)

  induces correct couplings and tensor hierarchy

  additional non-physical fields
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outlook

relating to higher-rank exceptional field theories

fermions & supersymmetry

interacting theory ?

  embedding into suitable extensions of E7(7), E8(8) ExFT

  similar extensions of supersymmetric ExFT, exotic fermions?
8 > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > < > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > > :

.

<latexit sha1_base64="eSC1N7mV1XdNPqf8rYDO6X98/KI=">AAACFXicbVBNS8NAFNzUrxq/qh69BIvgKSRSqt4ELx4rWCs0oWw2L+3iZhN2X8QS+ju8+Fe8iIig4Nl/47bmUvXBwjAz+3ZnolxwjZ73ZdUWFpeWV+qr9tr6xuZWY3vnWmeFYtBlmcjUTUQ1CC6hixwF3OQKaBoJ6EW351O9dwdK80xe4TiHMKVDyRPOKBpq0GgHAhIMSjuIYMhlSZWi40nJJrYbBP22B/ehHYCMK8EOFB+O0B00mp7rzcb5C/wKNEk1nUHjLYgzVqQgkQmqdd/3cgzNVuRMgNlbaMgpu6VDKGepJs6BoWInyZQ5Ep0ZO+ejqdbjNDLOlOJI/9am5H9av8DkJCy5zAsEyX4eSgrhYOZMK3JiroChGBtAmeLmhw4bUUUZmiJtE93/HfQvuD5y/ZZ7etlqnp1UJdTJHtknh8Qnx+SMXJAO6RJGHskzeScf1oP1ZL1Yrz/WmlXd2SVzY31+Awd/noA=</latexit>

L5D sugra

<latexit sha1_base64="eRazKcL33BFt+R7vqhK4NgM5+NM=">AAAB+nicbVDLSsNAFL2pr1pfUZfdDBbBhZREKtZdQRcuXFSwD2hKmEwn7dDJg5mJUGIW/oobETcKfoS/4N84bbNp64GBwzlnuPceL+ZMKsv6NQpr6xubW8Xt0s7u3v6BeXjUllEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vfDP1O09USBaFj2oS036AhyHzGcFKS65ZTh2CObrP3PTy1jlHqSMCJJOhwFnmmhWras2AVomdkwrkaLrmjzOISBLQUBGOpezZVqz6KRaKEU6zkpNIGmMyxkOazlbP0KmWBsiPhH6hQjN1IYcDKSeBp5MBViO57E3F/7xeovx6P2VhnCgakvkgP+FIRWjaAxowQYniE00wEUxviMgIC0yUbqukT7eXD10l7YuqXateP9QqjXpeQhHKcAJnYMMVNOAOmtACAi/wBp/wZTwbr8a78TGPFoz8zzEswPj+A3Dak0M=</latexit>

?
  non-abelian gauge structures with extra coordinates?

  extension of the Leibniz structure of ExFT?
  generalized section constraint?

dMNK@N ⌦ @K � 1p
10

�MN (@N ⌦ @• + @• ⌦ @N ) = 0

<latexit sha1_base64="mGf75W2aHKlCnaFeD6WlsfpNChA="></latexit>
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