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Kaluza-Klein theory and exceptional field theory
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Kaluza-Klein reduction of gravity

? D-dimensional gravity S = /dDX\/\det G| R(G)

coordinate split ~ X# = (z*,4™) pu=1,....n m=1,....d

2 Kaluza-Klein parametrization
{Gmn7 G,wm — Gmn A,una G,LH/ — gb_ﬁg;u/ + Gmn A,umAl/n} ¢ — ‘det Gmn‘

in terms of n-dimensional metric g, , vectors A ™, scalar fields G,,,

? reduction to n dimensions: 9, — 0
1 mn _ 2
S = /d”a:\@ (R(g) — 1972 Gy FFL," +504 G 0,Gmn — 35755 (¢ 0u9) )

Einstein-Maxwell theory coupled to scalar fields: coset o-space model GL(d)/SO(d)
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Kaluza-Klein formulation of gravity

? D-dimensional gravity S = /dDX\/\det G| R(G)

coordinate split ~ X# = (z*,4™) pu=1,....n m=1,....d

? Kaluza-Klein parametrization
{Gmn7 G,um = Gy A,una G/ﬂ/ — ¢_ﬁguy + Gmn A,umAl/n} ¢ = ‘det Gmn‘

o . o . m .
in terms of n-dimensional metric g, , vectors A /™, scalar fields G,,,,

? reduction to n dimensions: 9, — 0

- vm n mn - e
S — /dnw\/ﬁ (R(g> o igbn_Q Gmn F'UJ FIH/ +%8MG 8MGmn - m(gb 16,u¢) )

2 same rewriting without reduction 9, # 0

n D 1 rm n mn = 2
S = / d"zd%y,/g (R(g)— 1672 G FH " Fu™ +3DFG™DpGonn — qr55 (67 D))

exhibits an infinite-dimensional gauge structure (internal diffeomorphisms) —V(G, 9)>
2.
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Kaluza-Klein formulation of gravity

? D-dimensional gravity S = /dDX\/\det G| R(G)

—

[ S — /dnxddy\/g (ﬁ(g) — i¢ﬁGmn F“’/m./r’uyn +iDMGmnD,UJGmn — m<¢_1DM¢)2 —V(G,g)> j

exhibits an infinite-dimensional gauge structure (internal diffeomorphisms)

D,Grn = 0.Gmn — AL 0kGrn — GrmOn A" — Grrn0 AR

ST = Oy Ay™ — By Aly" — A0 AL A AL O Al

2 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

covariant under the global (exceptional) duality groups

> exceptional field theories (ExFT)

2
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Kaluza-Klein formulation of gravity

2 D-dimensional gravity S = /dDX\/\det G| R(G)

—

[ S — /dnxddy\/g (E(g) — i¢ﬁGmn F'ul/m./r’uyn ‘|‘iDMGmnDMGmn — m<¢_1DM¢>2 —V(G,g)> j

2 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

covariant under the global (exceptional) duality groups

> exceptional field theories (ExFT)

2 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

(L

o,

ENS de LYON

Henning Samtleben ENS de Lyon
T




p-forms: an example

? two-form gauge field Bﬁﬁ coupled to gravity
1

Kaluza-Klein split X# = (z*, y™)
{B[u?} — {ana B,um — A,um =+ A,ukBkma B,ul/ — b,uz/ — QA[ukAy]k + A,umAl/ann}

? reduction to n dimensions: 9, — 0

additional Maxwell fields Aﬂm and 2-form tensor bﬂy ,

coupled to Einstein-Maxwell and scalar fields —— enhancement of the scalar coset space
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p-forms: an example

? two-form gauge field Bﬁﬁ coupled to gravity
1

Kaluza-Klein split X# = (z*, y™)
{B,&ﬁ} — {an7 B,um — A,wm =+ A,ukBkma B,ul/ — b,uz/ — QA[MkAy]k + A,umAuann}

? reduction to n dimensions: 9, — 0
additional Maxwell fields A, and 2-form tensor bﬂy ,
coupled to Einstein-Maxwell and scalar fields —— enhancement of the scalar coset space

? Kaluza-Klein reformulation of the full theory 9 #0

gives rise to non-abelian field strengths
non-abelian internal diffeomorphisms

/ ” 4//
Huvp = 3 Dby = 3 Fl” Api Fuvm = 2D Aym + Ombuy
i e
Chern-Simons term Stuckelberg type coupling
(tensor hierarchy) 'l

o,

ENS de LYON

Henning Samtleben ENS de Lyon




exotic supergravities

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

standard supergravities

D =11 N =1
v
D =10 HA |/ = (1,1) N =2,0) | IIB
v
D=9 N =12
v
v
D=7 N =2
v
D=6 N =(2,2)
y
D=5 N =4
v
D=4 N =38
i
D=3 N =16
2.
Henning Samtleben ENS Lyon  Md:iS



maximal supersymmetry (32 real supercharges)

standard supergravities

!
D =10 HA |/ = (1,1) A =(2,0)]| liB
v
D=9 N =2
2
v
D=1 N :\|,2 multiplets / free theories
D=6 N =(22) A =(G.1) N = (4,0)
y
D=5 N =4
v
N
D=3 N =16
2.
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6D exotic supergravities: multiplets

N =(2,2) N = (3,1) N = (4,0)

Guv (1) A (16) By (5) ¢(25) | | Ciinyp (1) Au (14) Buw (12) ¢ (28)| | Tuv,pe (1) By (27) ¢ (42)

& fermions & fermions & fermions

2 exotic tensor fields (“exotic gravitons”)

2 selfdual in 6D
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6D exotic supergravities: multiplets

N =(2,2) N = (3,1) N = (4,0)

Guv (1) A (16) By (5) ¢(25) | | Ciinyp (1) Au (14) Buw (12) ¢ (28)| | Tuv,pe (1) By (27) ¢ (42)

& fermions & fermions & fermions

2 exotic tensor fields (“exotic gravitons”)
2 selfdual in 6D

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

D=5
- )
«—> —> «—> o
5 double / dual / graviton 27 vectors / tensors 42 scalars
o)
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6D exotic supergravities: multiplets

N =(2,2) N = (3,1) N = (4,0)

Guv (1) A (16) By (5) ¢(25) | | Ciinyp (1) Au (14) Buw (12) ¢ (28)| | Tuv,pe (1) By (27) ¢ (42)

. B:l . % .

& fermions & fermions & fermions
[Hull]
D=5
- )
«> L «—> )
5 double / dual / graviton 27 vectors / tensors 42 scalars
0.
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6D exotic supergravities: multiplets

N =(2,2)

N =(@3,1)

N = (4,0)

guv (1) Ay (16) By (5) ¢ (25)

Crivyp (1) Ay (14) By (12) 6 (28)

Bj .

+

Tyvo (1) By (27) ¢ (42)

]

& fermions / & fermions & fermions
Hull
[Hull] D=5
a / ! \ \ )
«—> —> «—> o
double / dual / graviton 27 vectors / tensors 42 scalars
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6D exotic supergravities: multiplets

D=6

N =(2,2) N = (3,1) N = (4,0)

guv (1) Ay (16) By (5) ¢(25) | | Civp (1) Au (14) By (12) ¢ (28)| | Tyvpo (1) By (27) ¢ (42)
=
& fermions /\\ &fermion% /

ANAN

& fermions

-
/ - [Hull)

D=5
= e NN ™
«—> —> «—> o
double / dual / graviton 27 vectors / tensors 42 scalars
\_ !’é
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the selfdual Curtright field

? exotic tensor field (6D) Cg; 5 [Curtright, 1980]
’ [Hull, 2000]
L [Ho
gauge freedom 5Cﬂl’),ﬁ =2 a[ﬂaﬁ]ﬁ + aﬁﬁﬂ\i) — a[ﬁﬁﬁﬁ] 0

gauge invariant second order curvature
0
Sﬁﬁﬁ,&% =3 aﬁa[ﬁcﬁﬁ],f -3 a%amcaﬁ],a 0
Henning Samtleben ENS de Lyon Edi&



the selfdual Curtright field

? exotic tensor field (6D) C,

gauge freedom

5C;

AD,p

0p = 2013015+ 05 P — 05 Pany

[Curtright, 1980]
[Hull, 2000]

gauge invariant second order curvature
0
Savp.et = 3 997Cop1z = 30:017Cp16 ;
selfduality equation (2nd order) .
Sispor = = Enpanei ST
iwp,0t T g CADPHKA 67
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the selfdual Curtright field

P exotic tensor field (6D) Cj; ; | [Curtright, 1980]
’ [Hull, 2000]

gauge invariant second order curvature  S;55 52 = 3 0;0;,C;51 5 — 3 0;0.,Cy5 5

selfduality equation (2nd order) | A
Qo = — Eorrann R SmdM
AUP,67T 6 AUPHKA o7
Kaluza-Klein reduction to 5D {Cﬁﬁ,ﬁ} = {Cﬂw =241 Cuep =M+ B Ce= 2Aﬂ}
1 poT _
- (9)\ (F,Lu/ =+ 5 Euvpot H ) =0 N J
vector-tensor duality 0
\ R — lé‘ A 0 (’9“0” = 0 «—>
— UV, po 5 cuvrAT Yp o] 0 olo
spin-2 duality 0

Exotic tensor calculus / generalized Poincaré Lemma [de Medeiros, Hull] [Bekaert, Boulanger]
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6D exotic supergravities: multiplets

N =(2,2) N = (3,1) N = (4,0)

Guv (1) Ay (16) By (5) ¢(25) | | Cinyp (1) Au (14) Buw (12) ¢ (28)| | Tuv,pe (1) By (27) ¢ (42)

. B:l . E .

z N =(@3,1) and 4 = (4,0) only known as free theories

interacting theories conjectured to describe strong coupling limits of
maximal D=5 theories [Hull, 2000]

2 selfduality equations (for 2nd order field strengths) [Hull] —— no action principle
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6D exotic supergravities: multiplets

N =(2,2) N = (3,1) N = (4,0)

Guv (1) Ay (16) By (5) ¢(25) | | Cinyp (1) Au (14) Buw (12) ¢ (28)| | Tuv,pe (1) By (27) ¢ (42)

. B:l . E .

z N =(@3,1) and 4 = (4,0) only known as free theories

interacting theories conjectured to describe strong coupling limits of
maximal D=5 theories [Hull, 2000]

2 selfduality equations (for 2nd order field strengths) [Hull] —— no action principle
until [Henneaux, Lekeu, Leonard, Matulich, Prohazka, 2018]

free actions in prepotential formalism

5+1 split

: , , linear in time derivatives
prepotentials for gauge fields, action

4th order in spatial derivatives
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6D exotic supergravities: multiplets

N =(2,2) N = (3,1) N = (4,0)

Guv (1) Ay (16) By (5) ¢(25) | | Cinyp (1) Au (14) Buw (12) ¢ (28)| | Tuv,pe (1) By (27) ¢ (42)

. B:l . E .

z N =(@3,1) and 4 = (4,0) only known as free theories

interacting theories conjectured to describe strong coupling limits of
maximal D=5 theories [Hull, 2000]

2 selfduality equations (for 2nd order field strengths) [Hull] —— no action principle
until [Henneaux, Lekeu, Leonard, Matulich, Prohazka, 2018]

free actions in prepotential formalism

5+1 split

: , , linear in time derivatives
prepotentials for gauge fields, action

4th order in spatial derivatives

[ here. — two-derivative actions (ExFT inspired) j
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6D exotic supergravities: multiplets

N =(2,2) N = (3,1) N = (4,0)

Guv (1) Ay (16) By (5) ¢(25) | | Cinyp (1) Au (14) Buw (12) ¢ (28)| | Tuv,pe (1) By (27) ¢ (42)

. B:l . E .

[ here. — two-derivative actions (EXFT inspired) ]

2 5+1 split

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

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

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

2.
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novel action functionals

—> selfdual two forms (review)

—— selfdual exotic tensors
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review: actions for selfdual two forms

z N =(@3,1) and A = (4,0) in particular carry 6D selfdual two-forms

1

_ - _ITORA
Hppp = 6 Cavpeii H Hpop = 3013 By

2 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]
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review: actions for selfdual two forms

z N =(@3,1) and A = (4,0) in particular carry 6D selfdual two-forms

1

Hins = — €. s HO . — 99 ...
Hv G AUPTRA HMVP_?)@[MBVP]

2 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]

2 5+1 split {z”} — {z",y} but no reduction
{Bao} = {Buv, Bue = Au}

selfduality — duality equation (vector/tensor)
JT'-/JV = F'u,/ -+ 86BW

1 F,, =20,A,
[ .F;w + Eguupcﬂ- HP°" =0 j a e
Hywp = 301, By

2 action principle for this equation
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review: actions for selfdual two forms

1
[ Juv + gguupaf HP?" =0 j Fuv = Fu + 06 By

oMF,, =0 (divergence)
—

O\ HM = % M2 T O H oy gy (curl)

(L
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review: actions for selfdual two forms

1
[ v + g HveoT R =0 j

oMF,, =0 (divergence)

—

O\ HM = % M2 T O H oy gy (curl)

2 Henneaux-Teitelboim action [1988]

1 1
L= 12 Hyp HHP + 24 e 06 By Hpor

does not feature the vector field

JT':LW — F,LW -+ GGBW

(L
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review: actions for selfdual two forms

1
[ Juv + 66MVPUT HP?" =0 j Fuv = Fu + 06 By

oMF,, =0 (divergence)
=

ONHM = 1T 95 Hygr  (curl) <=

2 Henneaux-Teitelboim action [1988]

1 1
L= 12 Hyp HHP + 24 e 06 By Hpor

does not feature the vector field

e.om.: ONHM =199y,
2
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review: actions for selfdual two forms

1 oT
[ Fuy‘|‘65uvpaTHp _Oj = Fuv = Fu + 06 By

oMF,, =0 (divergence)
=

O\ H % M2 T O H oy gy (curl) <«

2 Henneaux-Teitelboim action [1988]

1 1
L = _E H,Lu/p H#EYP = ﬂ ghvpPoT 86B,u1/ HpaT
does not feature the vector field
e.om.:  O\HM = %8“'/)‘0706]{)\(”

integrability relation for defining the vector field via

1
20, Ay = ~06Bys — <Epwpor H

2.
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review: actions for selfdual two forms

1
[ Juv + gguupaf HP?" =0 j Fuv = Fu + 06 By

oMF,, =0 (divergence)
—

O\ HM = % M2 T O H oy gy (curl)

EXFT type action

1 1
L= _Z FIUJ,/JT'-'LW — ﬁ ghvrert a6B,Lw HpO'T
2
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review: actions for selfdual two forms

1
[ Juv + gguupaf HP?" =0 j Fuv = Fu + 06 By

OMFL =0 <« (divergence)

—

O\ HM = % eMVAT O H y o (curl)

EXFT type action
1

1 v
,C:—ZFIUJVJT'-'LL .

o4 et POt 06 By, Hpor

e.o.m.: oMF, =0
0= (]-“W + Leypor HPM)

(L
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review: actions for selfdual two forms

1
[ Juv + 66MVPUT HP?" =0 j Fuv = Fu + 06 By

OMFL =0 <« (divergence)

—
O\ HM = % M2 T O H oy gy (curl)
2 ExFT type action
1 1
L= _Z FIUJVJT'-'LW — ﬁ ghvrert a6B,Lw HpO'T

eom.:. O"F,, =0
0= (]—“W +Lepoor HW)
— Fuv + % Epvpor H™" = X (z) = %guupo—r 0rbe"

yields the original duality equation upon redefining B,, — B,, — b,

fixing a local gauge symmetry of the ExFT action
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review: actions for selfdual two forms

1
[ v + g HveoT R =0 j

oMF,, =0 (divergence)

—

O\ HM = % M2 T O H oy gy (curl)

2 Henneaux-Teitelboim action

1 v 1 VpoT
£:_1_2 IUJ,/pH'u p_|_ﬂ€,u p 3GBW/HPGT

‘deformation’ of the free tensor field Lagrangian

2 ExFT type action

1 1
L= _Z f:u,/f’uy — ﬂ ghvpPet aGB,uV HpO'T

‘deformation’ of the free vector field Lagrangian

— generalize this to selfdual exotic tensor fields

JT':LW — F,LW -+ GGBW
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actions for selfdual exotic tensors: the ./ = (3,1) model

2 exotic tensor field Cﬂﬁ,ﬁ | Q.  =de . STRA
p,0T 6 " HUPHKA 0T
gauge invariant second order curvature  S;55 52 = 3 0501;,Cp51 2 — 3 0;0,C;5 5

selfduality equation in 5+1 split {CM } = {C vp — 24800, Cuep =Ny +B,,5 Cpee= 2Aﬂ}

278"
no reduction!
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actions for selfdual exotic tensors: the ./ = (3,1) model

? exotic tensor field Cg; ; | ¢ =L, . GhkE
p,0T 6 ~HAUPHKA o7
gauge invariant second order curvature  S;p5 52 = 3 0;01;,Cp51 5 — 3 0;01,Cp51 5

selfduality equation in 5+1 split {CM } = {C vp — 24800, Cuep =Ny +B,,5 Cpee= 2Aﬂ}

278"
no reduction!

1
@ Op (F;w + 6 Epvior H)\M) = 060uhu)p + 4 Epvrrr B60"C", + 5 9606C 11,0 — 9606 AfuTup
vector/tensor duality

A A A
O R;u/,pa - %(S[LI/K,)\T 8n8[pc 7-a] — %ap (H/u/a - %sp,l/dh:)\ F* ) - %aa (Hy,vp - %5uupn>\ F* )

A . >

spin-2 duality +35 060pCluv,0 — 5 9605 Cv,p — 060, A1uMo + 0605 A1)
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actions for selfdual exotic tensors: the ./ = (3,1) model

? exotic tensor field Cg; ; |

1 AAA’J\
AAA AA mmm == & AAA S r]K A A
Sﬂ p,0T 6 ~HAUPHKA 5 o7

1
D 9p (FW + 6 Epvior HMT) = O60uhu)p + ieuwﬁ)\f 86556’”;) + % 9606Cuv,p — 0506 A[uv)p

—% Epuvor 86F0T + Oﬁa[uBy]p — 868,,3/“/

~ Ryuv,po — % EuvrAr ama[pC)\TU] = % 9 (HMW - % Epvor Fn)\) - %60 (Huup - %@wpfi)\ FKA)

+% 960,C .0 — % 0605Cpv,p — 86(9,)14[“77,,]0 + 8680A[p77u]p
integrate to first-order duality equations

O (9[uh,,]p + % EPUVRAT 3“C>‘Tp — 3puw — %?uupn)\ 66 (UKA — % BKA) — % aGCuV,p + 8614[“771/],0

1 KAT  __ 3
F,u,z/ + 6 € UURAT H — aGU,U,I/ ) 86Buu

up to an antisymmetric tensor u,,

2 construct an action as a ‘0g-deformation’ of the standard 5D action

@
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actions for selfdual exotic tensors: the ./ = (3,1) model

? exotic tensor field Cg; ; |

1 AAA’J\
AAA AA mmm == & AAA S r]K A A
Sﬂ p,0T 6 ~HAUPHKA 5 o7

1 e
@ 9p (FW + 6 Epvior HMT) = O60uhu)p + ieuwﬁ)\f 860" C* p T % 9606Cuv,p — 0506 A[uv)p

—% Epuvor 86F0T + Oﬁa[uBy]p — 868,,3/“/

@ Ryuv,po — % EuvrAr ama[pC)\TU] = % 9 (HMW - % Epvor Fn)\) - %60 (Huup - %@wpfi)\ FKA)

+% 960,C .0 — % 0605Cpv,p — 86(9,)14[“77,,]0 + 8680A[p77u]p
integrate to first-order duality equations

O (9[uh,,]p + % EPUVRAT 3“C>‘Tp — 3puw — %?uupn)\ 66 (UKA — % BKA) — % aGCuV,p + 8614[“771/],0

1 KAT  __ 3
F,u,z/ + 6 € UURAT H — aGU,U,I/ ) 86Buu

up to an antisymmetric tensor u,,

2 construct an action as a ‘0g-deformation’ of the standard 5D action
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actions for selfdual exotic tensors: the ./ = (3,1) model

2 exotic tensor field Cg; ; |
O 8[“}2,/]/0 + i EuvRAT 8RC>\T,0 — Bpuw/ = %1 € pvpr 0% (UK)\ — % BK)\) — % 86C,u,l/,p T aﬁA[uT]u]p
O F;u/ + % EUvRAT H7 = 66'“'“1/ - % 86B;u/

2 construct an action as a ‘0g-deformation’ of the standard 5D action

1 1 3
L= =g Q"PQp + 5 VP p + Q8 — 3 FHE,
Pauli-Fierz Maxwell
Quvp = Ophuyp
Q,=0,"
F,, =20,A,
Henning Samtleben ENS de Lyon | M&x&




actions for selfdual exotic tensors: the ./ = (3,1) model

2 exotic tensor field Cg; ; |
@) 8[“}2,/]/0 + i EuvRAT 8RC>\T,0 — Bpuw/ - %1 € uvpr 86 (UK)\ — % BK)\) — % 86C,u,l/,p + aﬁA[uT]u]p

1 A
O Fp,u"'ge,u,vn)\anT

Oﬁuw — %863“,,
2 construct an action as a ‘0g-deformation’ of the standard 5D action

L = _i QP + % QF7PQy pp + QY — % F* Fu

Q/wp = Ouhu)p — 6 Alunulp + 5 06Cuw,p + 5Euvpor Ou’”
Q,=0,"

A

Fluy = 20,4, + %aﬁ‘B/w

(L

o,

ENS de LYON

Henning Samtleben ENS de Lyon
T




actions for selfdual exotic tensors: the ./ = (3,1) model

2 exotic tensor field Cg; ; |

@) 8[“}2,/]/0 + i EuvRAT 8RC>\T,0 — Bpuw/ - %1 € uvpr 86 (UK)\ — % BK)\) — % 86C,u,l/,p + aﬁA[uT]u]p

1 A
@ Fp,u"'ge,u,vn)\anT

3

2 construct an action as a ‘0g-deformation’ of the standard 5D action

EEP: i ﬁwpﬁuvp 5 ﬁwpﬁvw + ﬁuﬁu - % ﬁwﬁw
— L P97 95C11,20,Crr p — % €"P7 06 Byuy0pBor — 2 €77 OBy 06C o, r
Qv = Ouhtp — O6 ALy + 2 86Chup + L€ por Ou’”
Q, = QW

F\MV — 26[#‘41/] + %aﬁ‘B/w

Cuv,p = Cuv,p + Epvpor U
2
Henning Samtleben ENS de Lyon | M&x&




actions for selfdual exotic tensors: the ./ = (3,1) model

2 exotic tensor field Cg; ; |

@) 8[“}2,/]/0 + i EuvRAT 8RC>\T,0 — Bpuw/ - %1 € uvpr 86 (UK)\ — % BK)\) — % 86C,u,l/,p + aﬁA[uT]u]p

1 A 3
@ F;u/ + 6 CuvrAT H"™" 0671'“1/ ) 863;1,1/

2 construct an action as a ‘0g-deformation’ of the standard 5D action

L= =50y + § QP + Q40 — FFE,

— L 097908, 20,C0rx — L P91, 8y Byr — & P77 86 By, 06C o

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

variation w.r.t. C B

v, p u,, Yields first-order duality equations (under Jg)

Nz

(locally) equivalent reformulation of the 6D selfduality equations
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actions for selfdual exotic tensors: the ./ = (4,0) model

exotic tensor field Tﬁﬁ 26 [Hull, 2000]

gauge invariant second order curvature

G

W 3 aﬁa[ﬂTa&],ﬁ + 3 aaa[ﬂTDS\],%ﬁ + 3 8*8[/1Tz>3\],,5&

dlo
selfduality equation (24 order)
1 < A
Gos par = 6 Cavdapy G pt j
Henning Samtleben ENS de Lyon | M&x&



actions for selfdual exotic tensors: the ./ = (4,0) model

exotic tensor field Tﬁﬁ 26 [Hull, 2000]

gauge invariant second order curvature

G

W 3 aﬁa[ﬂTa&],ﬁ + 3 aaa[ﬂTDS\],%ﬁ + 3 8*8[/1Tz>3\],,5&

dlo
selfduality equation (24 order)
1 < Ax
Gos par = 6 Cavdapy G pt j
Kaluza-Klein 5+1 split {T“ﬁ,ﬁ&} = {T/,w,pa 3 T/,w,p6 — Cyv,p; T,u6,l/6 — h,uv}
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actions for selfdual exotic tensors: the ./ = (4,0) model

exotic tensor field T 55 o 1 GobA

integrate to first-order duality equations
O Ophuy, + i Epvror aACGTp —Oplupy = — % 95Cv,p — % JsVp, v
% € pvaBy aoq—’aT&y -+ BMCUT,V — BVCUT,H — 2 8[‘7?}7]#“/ - aGTGT’“V

UP O EENSONS! Uy s Upno
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actions for selfdual exotic tensors: the ./ = (4,0) model

P exotic tensor field T} 55 G 1 B

integrate to first-order duality equations
o Ophup + i Euvior 8)‘0‘”,0 —OplUpy = — % 96Cluv,p — % F6Vp,uv
o % € pvaBy aaTaT,B'y + a/,LCaT,V — BVCO"T,,U, — 2 8[0’07],/,41/ - = aﬁTaT,ul/

UP O EENSONS! Uy s Upno

2 construct an action as a ‘0g-deformation’ of the standard 5D action

L= — LM Q0 + 2P0, + P, — 2e,00rr 04 C77 , 060 + Lo OFTY , O TP
—306T 61,0 OuT* T + 06T kxr O T 5+ 10, T 5" 06T — £06T ot 07T, "
— sy O M T GBI T = BTl i BRI e BTl ) BRI = ST o BTl
Qv = Ouhuip + 06Comp — 26T
a/w,p G e
Tuvp = Cpv,p — Vp,uv + 20(p pu] +2€p0p0r 7 P/
Henning Samtleben ENS de Lyon !N!%




actions for exotic supergravities

=(2,2)

guv (1) Ay (16) By

=

(5) ¢ (25)

=G,D

= (4,0)

Civp (1) A

H

u (14) By (12) ¢ (28) Tyivpo (1) By (27) ¢ (42)

- o EEIH

L AureA ~ A ~ A ~ -
EEF‘= —5 VP, + % Q*PQy p + HQ, — ?I FRF

1 vpoT DY ~ 9 vVpoT 3 vpoT ~
— L w0078, 20,0,m 3 — & €477 06 B, 8,Byr — B 6777 3By, 06C 0,

EEE:

16

10urp0 10urpO OLOD 1 Avo AR, 1 Vo KA,
— 1080, + 20PPQ, 0+ Q= Leponr 4CY7, 060 4 Lt onr TV, 0T

_%867’0'7-’1/ 6HTP“/,O-T + iafsTK’A,T 8K/TAO"TU + iayTg'““ 86T0T7V7- - %867—0'”” aO.TTVT’/

1 e v, 1 b 1 ) 1
_6_46/,L1/aﬂ"/ 0 TaTﬂ’Y 86TM o — 3_286Ta‘r,;w 86THU 7T+ §86Tap,yu 86T0T y‘r - 3_286Tp,1/”y 86Ta‘rm—

(L
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actions for exotic supergravities

= (2,2) N =(3,1) N = (4,0)
Yuv (1) AM (16) By (5) ¢ (25) C'/E/p 1) A (14> B/jz-/ (12) ¢ (28) W po (1) B (27) ¢ (42)

- g H " H = EEIH‘

L= =50, + 50400y, + Q1) - § FE,,

1 vpoT DY ~ 9 vVpoT 3 vpoT
— L w0078, 20,0,m 3 — & €477 06 B, 8,Byr — B 6777 3By, 06C 0,

PPN PPN P L N A, ) N
EEE: — 2 QPQ L + 5P ) + QF Q) — 5E000kr OFCY , 06C VP + 556100k OF T, 06T P

_%867’0'7-’1/ 6HTP“/,O-T + iafsTK’A,T 8K/TAO"TU + iayTg'““ 86T0T7V7- - %867—0'”” aO.TTVT’/

1 ) 1 ) 1 ) 1
- 6_46/,Ll/aﬂ"/ 8aTaTﬂ7 86TMV o — 3_286Ta‘r,;w 86THU 7T+ §86Tap,yu 86T0T y‘r - 3_286Tp,1/”y 86Ta‘rm—

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

L_= —10meQ,,, +10"°Q,,, + Q4Q, — 1(0"¢ — 205A") (8,9 — 206A,)
—3F*F,, + 306¢06¢ — 206ho" 06¢ + ;06ho” Oh,” — ;0ch* Oghy,
Lp= — % (Fuv + 06Buy) (F* + 06 B*) — o e*P°" 95 By Hpor
Lo= — 3F"Fu —5(0"¢ — 06A")(0u¢ — 06 A,)
) L = —30*¢0.¢ — 5060060
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actions for exotic supergravities

= (2,2) N =@3,1) N = (4,0)
guv (1) A, (16) By, (5) ¢(25) ct,() A, (14) B (12) ¢ (28) Tuv.oo (1) Bgb (27) ¢ (42)
Sy H Y H - H H '
[’u:: _iﬁwpﬁwp"'%ﬁwpﬁvpu"'ﬁuﬁu_%(au¢—286AH)(8u¢—286Au) ﬁEJ: _lﬁﬂupﬁuup+lﬁﬂypﬁupu+§#§ _Qﬁwﬁw

1 v 5 2 o 1 o 1 v ~
_ZF/‘ F;w ar 586(]586(]5 — 566}7,0 86¢ ar Z&gha 86hpp — Zaﬁh“ aﬁh,tw 116 E/.wpa‘ra(sclw 8 Cor N — 96 #VpUTaGB,ul/a Bm— -3 E;wpcrr aGB;w aGCpO',T

o = F,, + 06 FHY 4 9g BH) — 5”"”” 0¢B,, H ~ ~ ~ A ~ ~
E 2 ( 224 MV)( ) pv L poT EE: _ %QW’)QW;: + %Qlﬂ/pﬂypu + QMQM _ %Suuon/\ 8ucuap aGCn)\,p + 3%&_“”0&)‘ 8;1,7-'1/0'/) 667-%)\,/)
El:l = - %FMVF;U/ - % (6M¢ — 8614-“) (au¢ — 86A/,L) _%aGTO'T,I/ 8,U,THV’UT + %66THA,T aKTAU’TU + %81/TU;LM aGTGT’VT - %86TG[L“ aO.T"ru’”/
L= — 10°60,6— J0us0no i O Toe ¥ 6T = 50K T T + R04Tup 06T = 0N 0T,
L= T3 w®— 3

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

Lo = — %QWPQWP + %QWPQVPM + QFQ, — %BMQbAau‘bA — %FWMFWM
M=1,...,27

where O(0g) carries the dual fields B, ar, Cuv.py Tpiv. pos Uprs Vp, pw

2 master formulation (extension of exceptional field theory)

(L

2.
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conclusions

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

EE:': _i ﬁwpﬁwp + % f\zl“jpﬁumt + ﬁuﬁu - % F\Wﬁw L:EH: a iQm’me/p + %QWPQVPM + Q“QM - %61“/0'%)\ aycwp aﬁcn)\’p + ?%26/“/0'6)\ BHTWP 867%)\’;)
— L P97 36C 0 20,Corx — 2 €"PT 9B,y Byy — S MVPOT 0By 96C o —106T 57,0 0T + 206T 0,r O°T "7 5 + 18, T 5 # 0T » — 206 T 5" 0°T1, ™"
16 16 16
- &‘?u.uaﬁ'y 80‘1—10'7'6’y aGTuV’UT - 3%86Ta'7',;u/ aGT'u'V’UT + %86T0',u.,uu 861—10-"-’1/7' - 3%86,1—’/,“/,“/ 861—10'7'0-"—
5+1 split

additional non-physical fields w,.,v, 40
uniform actions, (‘deformation’ of free 5D supergravity)

+ 0(%) N =(2,2)
Lo = —2QPQ,,, + 10°Q,,, + Q*Q, — 104¢*9,¢" — 1 F*MF, M + 0(8) A =(3.1)

+ 00) & =4,0)

master formulation extending (free) E¢ exceptional field theory

extra coordinates {0)s, Je } and ‘generalized’ section constraint

d"M Oy ® Ok — s AMY (0N ® 04 + 0a ® ON) = 0

induces correct couplings and tensor hierarchy
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outlook

? fermions & supersymmetry
similar extensions of supersymmetric ExFT, exotic fermions?

relating to higher-rank exceptional field theories

embedding into suitable extensions of E7(7), Es@) EXFT

interacting theory ?

Lo = — I0PPQ,, + SOFUPQ, ,, + QU — $84g40, 64 — TR ME M+ O(0s)
£5D sugra + ?

non-abelian gauge structures with extra coordinates?
extension of the Leibniz structure of ExFT?
generalized section constraint?

(dMNKaN@)aK—\/%—OAMN((9N®8°+8°®8N):O) —_—> ?
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