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exceptional field theory

2 dimensional reduction and duality symmetries
2 exceptional geometry & tensor hierarchy

2 generalized Scherk-Schwarz reductions

applications

2 consistent truncations
AdSs x $3
Sp, HpP.a spheres and hyperboloids
SP x Hp.a products of spheres: dyonic gaugings
2 supergravity magic
2 timelike dualities
2 generalized IIB supergravity

based on work with Olaf Hohm, Arnaud Baguet, Hadi Godazgar, Mahdi Godazgar,
Hermann Nicolai, Edvard Musaev, Gianluca Inverso, Marc Magro, Emanuel
Malek, Mario Trigiante, Valenti Vall Camell
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exceptional field theory (ExFT)

manifestly duality covariant formulation of maximal supergravity

2 upon toroidal reduction on Td, eleven-dimensional supergravity
exhibits the global exceptional symmetry group Edd)

after proper dualisation/reorganisation of the fields

D=11 supergravity lIB supergravity

E v

D=4 supergravity D=5 supergravity

[Cremmer, Julia]

maximal supersymmetry, global E7) maximal supersymmetry, global Ese)

2 EXFT : reformulate D=11 supergravity such that Eq4) (or its
remnants) becomes manifest before dimensional reduction

7 example: Eee) : exceptional field theory
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E¢6) : exceptional field theory

D=5 maximal supergravity (torus reduction of D=11 or |IB)

after proper dualization of the dof’s (different for IIA / 1IB)
the D=5 Lagrangian takes the Es() invariant form

1 1
L =R+, 0, My N MM — 7 Marn E, MFpr N

1 Lo

Jur : 5x5 external metric

A, M . 27 vector fields +—— 27 two-form fields B, i

MuynN : 27x27 internal metric, parametrizing Eei)/USp(8)

with »Ctop = dKMNFM/\FN/\AK
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E¢6) : exceptional field theory

D=5 maximal supergravity (torus reduction of D=11 or |IB)

after proper dualization of the dof’s (different for IIA / 1IB)
the D=5 Lagrangian takes the Es() invariant form

1 1
L =R+, 0, My N MM — 7 Marn E, MFpr N

1 Lo

Jur : 5x5 external metric

AM . 27 vector fields «— 27 two-form fields B, s

MuynN : 27x27 internal metric, parametrizing Eei)/USp(8)

exceptional field theory:

— same Kaluza-Klein reorganisation of the higher-dimensional fields

— keeping the dependence on all internal coordinates (non-abelian gauge structure)
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E¢6) : exceptional field theory

1 1
L =R+ O MaprnoH MMY 7 Mun E, MFr N

exceptional field theory: [Hohm, H.S.] + Leor

— same Kaluza-Klein reorganisation of the higher-dimensional fields

— keeping the dependence on all internal coordinates (non-abelian gauge structure)

e 1 1
L = R+ ﬁDuMMND”MMN — ZMMNFMVM.F’UVN

+ Etop — Vpot(MMNag,ul/)

— all fields live on external space-time : {z'} p =0,...,4

internal (exceptional) space : (YM} M=1,...27
— internal coordinates enhanced to E¢) representation: 6 —> 27

subject to the section constraint (covariant restriction down to 6 coordinates)

G Oponf = 0 [Berman, Godazgar, Perry, West,
dEMN 9y @0y = 0 { /

KMN Coimbra, Strickland-Constable, Waldram,
d Om f ON g = 0 Cederwall, Kleinschmidt, Thompson ]

2.
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E¢6) : exceptional field theory

~ 1 1
L = R+ ﬂDMMMND“MMN — ZMMN./TMVMF’LLVN
=+ £top — Vpot(MMNag,uy)

2 dependence on internal coordinates induces non-abelian gauge structure
D, = 0, —La, LavM = ANoNVM — oy AM| VN
ad]
generalized diffeomorphisms
[Coimbra, Strickland-Constable, Waldram]

2 non-associativity of generalized diffeomorphisms induces modified YM field strengths
Fu =203, 4, — [A, A]L +10dMVE 9k B,y

two-form field equations compensated by the topological term

Stop = / d*Y / (dyn F*AFNAFE —40dM V5 U1y N ONHEK)
M

boundary term of a six-dimensional bulk
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E¢6) : exceptional field theory

~ 1 1
L = R+ ﬂDMMMND“MMN — ZMMN./TMVMF’LLVN

=+ £top — Vpot(MMNag,uy)

“potential”

NV 2
N\

1
Voot = Y MMNaMMKL (12 O MnK — 8N/\/1KL)

1 1 _ _ 1 v
—59 Omg ONMMY — 2 MY g7 0Ng g Ong — T MY 00 g™ O g

— invariant under generalized diffeomorphisms

— generalised (internal) curvature scalar
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E¢6) : exceptional field theory

~ 1 1
L = R+ ﬂDMMMND“MMN — ZMMN./TMVMF’LLVN
=+ L:top — Vpot(MMNag,uy)

~ unique action with generalized diffeomorphism invariance
in all 5+27 coordinates (modulo section condition)

B section condition is solved upon breaking Ee) —> SL(5) d¥ MY 9, @ Oy = 0
27 — 1+58' +10+5+ 5 +/1

5" : reproduces full llA supergravity ( additional singlet/l: D=11 supergravity)
5 : reproduces full lIB supergravity ( preserves an SL(2) )

together with proper dictionary of ExFT fields into IIA/IIB

(Mo,o Mom  M™  Mo™ Moﬁ\ (Mo,o Mom  M™  Mp™

M Mp o M ME™ Mg M Me . M M™

M B /\/l]]:i?) M]l:im Mkkl,mn Mk:kl,m lel% M B M]l:i?) M]l:im Mkkl,mn Mk:kl,m
MN — Mk:o Mk:m Mk:,mn Mk,m Mk:(_) MN — Mk:o Mk:m Mk:,mn Mk,m
Mo Mpm M™ M™ Mg Mipo Miegm M™  M™

\Ma,o Mo, Mg™ Mg™ MG@/ KMC),O Mo, Mg™ Mg™
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E¢6) : exceptional field theory

manifestly duality covariant formulation of maximal supergravity

ExXFT
.E = R\ i %g’u’VDMMMN@,}MMN s %MMNTMVMTJZV IR E_I.Etop o V(M, e).
D=5+27 with section condition
Qg
. (\a(\l Ct
(X\C‘\O Iona/’y
D=11 sugra lIB sugra

2 upon solving the section constraint: reformulation of the original theories

IS

2 |lA and 1IB supergravity accommodated in the same framework
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E¢6) : exceptional field theory

manifestly duality covariant formulation of maximal supergravity

EXFT

.E — R\ ls %g’u’VDMMMN@,}MMN o %MMNTMVMTJZV g5 e_l‘EtOp S V(M, e).

D=5+27 with section condition

O’icZL )
al’y

lIB sugra

v

D=5 maximal sugra
global Eee)

makes the symmetry enhancement after torus reduction manifest
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E¢6) : exceptional field theory

manifestly duality covariant formulation of maximal supergravity

EXFT

.E — R\ ls %g’u’VDMMMN@,}MMN o %MMNTMVMTJZV g5 e_l‘EtOp S V(M, e).

D=5+27 with section condition

dfcr
Ional“y
lIB sugra
D=5 maximal sugra
5
global Ese > X AdSs
gauge group SO(6)

also allows a compact description of complicated reductions
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E¢6) : exceptional field theory

manifestly duality covariant formulation of maximal supergravity

EXFT
| 1
L=R+ gD, M™D, Myy =3 MyuyFoMF, + e Ly = V(M. €.

24
O’iCZL )
'x%‘

lIB sugra

D=5+27 with section condition

captured by a twisted
torus (Scherk-Schwarz)
reduction of ExFT

[Kaloper, Myers, Dabholkar, Hull,

Reid-Edwards, Dall'Agata, Prezas, HS,

Trigiante, Hohm, Kwak, Aldazabal, ‘/0/
Baron, Nunez, Marques, Geissbuhler,

Grana, Berman, Musaev, Thompson, D=5 maximal s ugra

Rosabal, Lee, Strickland-Constable, SS X AdSS

Waldram, Dibitetto, Roest, Malek, glObal E6(6)
Blumenhagen, Hassler, Lust, Cho, gauge group SO(6)
Fernandez-Melgarejo, Jeon, Park,

Guarino, Varela, Inverso, Ciceri, ..., ...]

also allows a compact description of complicated reductions
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applications of exceptional field theory

consistent truncation on AdSs x S5
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consistent truncation on AdSs x S5

lIB sugra

D=5 maximal sugra AdS: x S5
global Eses)
gauge group SO(6) [Gunaydin,Romans,Warner]
[Pernici,Pilch,vNieuwenhuizen]

2 AdSs x S5 : maximal supersymmetric solution of 1B
2 fluctuations around the background: D=5 gauged supergravity

2 explicit reduction formulas: highly non-trivial

ds? = AT?3(x,y) g (x) detdz” + Gl y) (dy™ + /C[ab]m(y)AZb(a’;)da:“) (dy™ + Ko™ () ASH (z)dz)

D=11 on AdS4 x S7 : [de Wit, Nicolai] 1987
D=11 on AdS7 x $4 : [Nastase, van Nieuwenhuizen, Vaman] 1999
lIB on AdSs x S5 : shown for various sub-sectors...
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consistent truncation on AdSs x S5

ExXFT |
‘%A
Mun(z,Y) =
AM(z,Y) = [IB sugra
Buwn(z,Y) =

D=5 maximal sugra AdSs x S5
global Ese)
gauge group 50(6) [Gunaydin,Romans,Warner]

[Pernici,Pilch,vNieuwenhuizen]

.| consistent truncation via generalized Scherk-Schwarz ansatz in ExFT

in terms of an Ee)—valued twist matrix Uy,” (Y) and scale factor p(Y")
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consistent truncation on AdSs x S5

ExXFT |
‘%A
Mun(z,Y) =
AM(z,Y) = lIB sugra
Buwn(z,Y) =

D=5 maximal sugra AdSs x S5
global Ese)
gauge group 50(6) [Gunaydin,Romans,Warner]

[Pernici,Pilch,vNieuwenhuizen]

.| consistent truncation via generalized Scherk-Schwarz ansatz in ExFT

in terms of an Ee)—valued twist matrix Uy,” (Y) and scale factor p(Y")

P system of consistency equations  [(U ™ )a " (U YnF0pULK] ., = pXaun™

2 generalized parallelizability
2 no general classification of its solutions (Lie algebras vs Leibniz algebras)
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consistent truncation on AdSs x S5

ExXFT |
‘%A
Mun(z,Y) =
AM(z,Y) = [IB sugra
Buwn(z,Y) =

D=5 maximal sugra AdSs x S5
global Ese)
gauge group 50(6) [Gunaydin,Romans,Warner]

[Pernici,Pilch,vNieuwenhuizen]

o twist matrix U € SL(6) associated to SO(6)

g—1/20.?A
2 background AdSs x S5 v=|(_° 7 ] € SL®)
¥y -200Y

in terms of sphere harmonics and the fields of D=5 maximal supergravity

2 full reduction formulas of IIB on AdSs x S5
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consistent truncation on AdSs x S5

e.g. metric (standard Kaluza-Klein form)

ds? = A72B(z,y) gu (x) detdz” + Goun(z,7) (dy™ + K[ab]m(y)AZb(a:)da:“) (dy™ + Kpeq)" (y) AL (z)dz)

G™m" (LC, y) — AZ/S(xv y) K[ab]m(y)lc[cd]n(y) Mab,cd (LB)

2 e.g. 4-form (after reconstructing all components, in Kaluza-Klein basis)

~ 1 _ ~ 3 "
Cklmn — Cklmn + 1—6wk1mnpA4/3maﬂqu8q(A 4/3m ﬂ)’

V2 )
C,ukmn — 4 Z[ab]kmnA,u b,
V2 k ab A cd
C,uymn — 4 IC[ab] Z[cd]kmnA[ﬂ Av] J
1 cde e c 2
Cmﬂl//) — _3_21C[ab]m (2 |g|8,u1/pmMab,NFMN + \/igabcdefﬂ,ul/pf) \/_IC ab cd [ef]mkl (A[,u bA 14 P f)

1
C,ul/pa — = yayb < ‘g|8,u1/p01DTMbc,NMNca + 2\/Egcdefng[/deApean] ga)

Dw :_*y yh@ o Di( MN ‘DM, ~)
n Clb Cd e ]’l + yyh\/@ o PN ( My ~NFa =5 \/7 /1’7th * B
(\/7’C ab) cd ’C[ef] Zgh kin — yhy gabceg]”df>A[,u A A TA ]g T A,ul/pa( ) ( >
100 \/E y yl (IOM ofd + X e)”cdﬂb_/‘

1 ef 1 a @ e gh
\/E b(‘d<’_/Fb4bthﬂULdA1]l/ +RF[}W hAﬂ dA[i fAr]J] Eabedenfh

1 g J gh ij
+ E \/EAD/‘leL('dA/)éfAJJ] Az] j‘gah('egirltlfnhja

proves the consistent truncation of IIB on AdSs x S5
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consistent truncation on AdSs x S5

v

[IB sugra

D=5 maximal sugra
5
alobal Ee(e) AdSs X S

gauge group SO(6) [Gunaydin,Romans,Warner]
[Pernici,Pilch,vNieuwenhuizen]

. twist matrix U € SL(6) associated to SO(6)
2 background AdSs x S° < g "o, y" )

U e SL(6)
2 full reduction formulas of IIB on AdSs x S5

proves the consistent truncation of IIB on AdSs x S5

2.
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consistent truncation on AdSs x S5

[IB sugra

D=5 maximal sugra
5
alobal Ege) AdSs x S

gauge group SO(6) [Gunaydin,Romans,Warner]
[Pernici,Pilch,vNieuwenhuizen]

. similar: twist matrix U € SL(6) associated to
50(p,q) and C50(p,q,r)

g—l/za_?A
built from sphere harmonics on SO(p,q)/SO(p—1,9) U = : e SL(6)

A 3 /A
y' =200y
2
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hyperboloid compactifications

D=5 maximal sugra v
global Ee) .
S T SO ) D=5 maximal sugra
global Ese) D=5 maximal sugra
gauge group SO(6) global Ee)

gauge group CSO(p,q,r)

. similar: twist matrix U € SL(6) associated to
50(p,q) and C50(p,q,r)

built from sphere harmonics on SO(p,q)/SO(p-1,q)
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hyperboloid compactifications

EXFT

%

[IB sugra

-

D=5 maximal sugra

global Ee) . l
S T SO D=5 maximal sugra
global Ees) D=5 maximal sugra
gauge group SO(6) global Ege)

gauge group CSO(p,q,r)

.. similar: twist matrix U € SL(6) associated to
50(p,q) and C50(p,q,r)

2 background: (warped) hyperboloids  [Hull, Warner] [Baron, Dall’Agata]
2 in general no IIB solutions, still consistent truncations!
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other examples of consistent truncations

2 consistent truncations with smaller isometry groups [Inverso, HS, Trigiante, Malek]
products of spheres and hyperboloids S? x S , SP x H?

specific D=4 construction, based on electric/magnetic split of internal coordinates
inducing dyonic gaugings (SO(p,q) x SO(p’,¢’')) x N  [Dall’Agata, Inverso]

lIB sugra

AdS, x S° X R

D=4 maximal sugra

gauge group
[SO(1,1) x SO(6)] x T*?
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other examples of consistent truncations

2 consistent truncations with smaller isometry groups [Inverso, HS, Trigiante, Malek]
products of spheres and hyperboloids S? x S , SP x H?

specific D=4 construction, based on electric/magnetic split of internal coordinates
inducing dyonic gaugings (SO(p,q) x SO(p’,¢’')) x N  [Dall’Agata, Inverso]

lIB sugra scalar potential
AdS, x S° X R
D=4 maximal sugra @ SO(6) noground state  AdS, X S° x R

@ 5SO04) N=4, AdSsvacuum AdS; x S% x 8% x ¥
gauge group

[SO(1,1) x SO(6)] x T2 ds* = A®sin’x (1+ 2cos’x) dYVdYY + A® (1 + 2sin’z) cos*x dYFdIY
+ A~ (dedz + dndn) + % A~ dshas,

Janus solution [D’Hoker, Estes, Gutperle]
with a maximally supersymmetric
consistent truncation around (/

2.
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other examples of consistent truncations

2 consistent truncations with less supersymmetry via DFT
[Baguet, Malek, Pope, HS, Sarioglu]

S3 reduction of the bosonic string

more general: Pauli reduction of the bosonic string on group manifold G

example G = SO*(4), type Il uplift of D=4 Minkowski vacua

AdSs3 x S3 reductions from 6D supergravity, N=(1,1) and N=(2,0) w tensor-multiplets
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other examples of consistent truncations

2 consistent truncations with less supersymmetry via DFT

[Baguet, Malek, Pope, HS, Sarioglu]
S3 reduction of the bosonic string
more general: Pauli reduction of the bosonic string on group manifold G

example G = SO*(4), type Il uplift of D=4 Minkowski vacua
AdSs3 x S3 reductions from 6D supergravity, N=(1,1) and N=(2,0) w tensor-multiplets

2 consistent truncations with less supersymmetry in ExXFT (in type Il sugra)
[Malek] [Malek, HS, Vall Camell]

embedding of half-maximal supergravity into ExFT

construction and classification of supersymmetric AdS vacua

half-maximal supersymmetric AdS vacua induce consistent truncations around

—> [Emanuel’s talk]

2.
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other applications / developments

2 EXFT for all finite-dimensional exceptional groups Eq), d<9
[Hohm, HS] [Abzalov, Bakhmatov,Musaev, Hohm, Wang, Berman,Blair, Malek,Rudolph]

based on the different splits external/internal coordinates {z",y""} — {x“, YM}

2 EXFT embedding of massive IlA theory

[Ciceri, Guarino, Inverso] [Cassani, de Felice, Petrini, Strickland-Constable, Waldram]

— by deformations of ExXFT
— by Scherk-Schwarz reduction violating the section conditions
—> more general theme: consistent theories from reductions violating section constraints

2 ExFT embedding of ‘generalized IIB’ theory
[Baguet, Magro, HS]
— background from 7-deformed AdSs x S° sigma model
— T-dual of lIA with non-isometric dilaton
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other applications / developments

2 magical framework

higher-dimensional origin of 3D coset spaces

1(1) z{ N [Cremmer, Julia, Lu, Pope]
9 A xR | R [ Keurentjes]
8 Ay X Ap | A xR | Ay A4
7 Ay Ar xR A xR | R X
6 Ds AsxA; | A3xR | R? | A2 R
5 E¢ As A3 | AIxR | A xR | 4
4 E- Dg As A3 x A1 | A xR | A\ xR | A R X
3 Es E; Es Ds Ay | AyxAp | A xR | A x |
b~ 8 7 6 5 4 3 2 1 |0 ‘
all embedded within Eg) EXFT: Egs) — SL(D—2)xSL(9—r)xUp,
\_/
magic
. . . o M 9
solution of section constraint: ~ { Y™} — { Y, } =Y}
SL(D-2)  SL(9-r)
together with truncation to SL(9-r) singlets
{l&
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other applications / developments

2 magical framework
higher-dimensional origin of 3D coset spaces

11 X )
1 Ny . [Cremmer, Julia, Lu, Pope]
9 A xR - [ Keurentjes]
8 Ay X Ap | A xR | Ay A4
7 Ay Ar xR A xR | R X
6 Ds AsxA; | A3xR | R? | A2 R
5 E¢ As A3 | AIxR | A xR | 4
4 E- Dg As A3 x A1 | Ay xR | A\ xR | Ay R X
3 Eg E; Es Ds Ay Ay xA; | Aj xR | A % \
D ] 8 7 6 5 4 3 2 1 0 ‘

ExFT:

all embedded within Ess Egsy —> SL(D—2) xSL(9—r) xUp,

“~_

other magic triangles and pyramids ... magic
0 Q [Anastasiou,
N R R s |2 |+ | oo | Borsten,
11 o"gnu:AﬂNP: 2 ¢ im 9(0 6(6
AT IR A . Duff,
4 TheDisintegration Triangle (6-Iy) *g sU* ( .
NN @ Marrani,
‘ Al’f \’Z Na:gya
1| Ag L' c -
— zZoceali]

6| Psal 0y ”‘\"

B, | el
56 E‘/\M‘ A*\rj . 0)

it oy, — . R 0
IR RN D ’

7 N { 5 ﬂs‘“m A W 0 3} o Wisy o °
3 ! E'/O:\ :’ Ezftkl/’ ’ E‘;/,-»\}m i D‘o/\l’i) T A;/:\lzl :(uuA l!) }Iﬁmlt &A'/l

[Julia] T« [ el T T T Y e
O H C R
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other applications / developments

the ExFT construction mainly relies on the (complex) algebra e

different real forms: e.g. Eg/USp(8) —> Eg_y6/F, :

£ = I,é + Z_tI_gMVDMMMN@VMMN — %MMN:F’U“VMT‘ZV + e_l‘EtOp — V(jvl, e).

ExXFT formally identical
different structure of (real) solutions to the section constraint

uplift to D=6 » magic N=2 series
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other applications / developments

the ExFT construction mainly relies on the (complex) algebra e

different real forms: e.g. Eg/USp(8) — Eg_p/F, :

£ = I,é + Z_tI_gMVDMMMN@VMMN — %MMN:F’U“VMT‘ZV + e_l‘EtOp — V(M, e).

ExXFT formally identical
different structure of (real) solutions to the section constraint

uplift to D=6 » magic N=2 series

» different coset space: Eg)/USp(8) — Eg,/(USp(4) X USp(4))
reduction on torus including time-like circle
A 1 1
£ = R + ﬂgMV@MMMNDVMMN T ZMMN‘TMVM‘T]/\{V + e_lﬁtop T V(jvl, e).
ExFT formally identical, flip of external/internal signatures

4,1) & (27,0) «— (5,0) & (16,11)

equivalent description, also captures Hull’s *-theories !  SL(5): [Blair,Malek,Park]

([
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other applications / developments

2 unifying framework for brane solutions

[Berman, Rudolph, Bakhmatov, Kleinschmidt, Musaev, Otsuki,
Fernandez-Melgarejo, Kimura, Sakatani]

1/2 BPS branes from a single ExFT solution, organisation of exotic branes

2 orbifolds and orientifolds in ExFT
[Blair, Malek, Thompson]

unified approach in terms of generalized orbifolds (O-folds)

2 exceptional string sigma model
[Arvanitakis, Blair]

string sigma model with ExFT background fields

2 EXFT loop calculations
[Bossard, Kleinschmidt]
duality covariant graviton amplitudes

2 underlying mathematical structures

[Cederwall, Palmkvist][Hohm, Kupriyanov, Lust, Traube]
[Cagnacci, Codina, Marques][Arvanitakis]

L -algebras, Borchers superalgebras, tensor hierarchy algebras
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conclusions

& exceptional field theory

based on generalized diffeomorphisms in exceptional geometry

unique theory with generalized diffeomorphism invariance
in all coordinates (modulo section condition)

upon an explicit solution of the section condition
the theory coincides with full D=11 supergravity or full D=10 IIB supergravity

includes generalized type |l supergravities and Hull’s lI*-theories

powerful tool for construction & analysis of vacua & consistent truncations

2.
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conclusions

exceptional field theory

based on generalized diffeomorphisms in exceptional geometry

unique theory with generalized diffeomorphism invariance
in all coordinates (modulo section condition)

upon an explicit solution of the section condition
the theory coincides with full D=11 supergravity or full D=10 IIB supergravity

includes generalized type |l supergravities and Hull’s lI*-theories

powerful tool for construction & analysis of vacua & consistent truncations

B tool for analyzing existing theories
— or hints towards a more fundamental structure ..?

weaken / relax section constraints

decrease number of external dimensions — unifying picture

2.
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