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duality symmetries in supergravity

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

D=11 supergravity lIB supergravity

[Cremmer, Julia 1979]

D=4 supergravity D=5 supergravity
maximal supersymmetry, global E7) maximal supersymmetry, global Eses)

after proper dualization/reorganisation of the fields
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duality symmetries in supergravity

2 upon toroidal reduction on T9, eleven-dimensional supergravity
exhibits the global exceptional symmetry group Eq(a)

D=11 supergravity lIB supergravity

[Cremmer, Julia 1979]

D=4 supergravity D=5 supergravity
maximal supersymmetry, global E7) maximal supersymmetry, global Eses)

after proper dualization/reorganisation of the fields

the GL(d) subgroups can be explained geometrically

the compact subgroup SU(8) C E7i) can be made visible already
in eleven dimensions [de Wit, Nicolai 1986]

SO(1,10) — SO(1,3) x SO(T) — SO(1,3) x SU(8)

to which extent are (remnants of) the full exceptional groups present in D=11 ?
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exceptional field theory

to which extent are (remnants of) the full exceptional groups present in D=11 ?

[Hull, Tseytlin, Duff, Siegel, Hillmann, Hohm, Zwiebach, Berman, Godazgar,
Godazgar, Perry, West, Musaev, Coimbra, Strickland-Constable, Waldram,
Pacheco, Kwak, Jeon, Lee, Park, Suh, Blair, Malek, Cederwall, Kleinschmidt,
Thompson, Edlund, Karlsson, Aldazabal, Grana, Marqués, Rosabal, Geissbuhler,

[generalized geometry)

(double field theory )

[exceptional geometry) ( gauged supergravity)

— exceptional field theory
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plan

exceptional field theory

2 exceptional geometry & tensor hierarchy

2 invariant action functionals

applications

2 consistent truncations and AdS vacua

? Kaluza-Klein spectroscopy

based on work with Olaf Hohm, Emanuel Malek,

Arnaud Baguet, Hadi Godazgar, Mahdi Godazgar, Hermann Nicolai,
Gianluca Inverso, Marc Magro, Edvard Musaev, Mario Trigiante,

Guillaume Bossard, Martin Cederwall, Franz Ciceri, Axel Kleinschmidt,
Jakob Palmkvist, Dan Butter, Ergin Sezgin
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example: Ee¢) exceptional field theory (ExFT)

based on the exceptional symmetry group Ee)
of D=5 maximal supergravity

lIB supergravity

D=5 supergravity

maximal supersymmetry, global Ee(e)
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D=5 maximal supergravity

after reduction of D=11 supergravity on T¢ and proper dualization of the dof’s,
the D=5 bosonic Lagrangian takes the E¢) invariant form

1 1
L = R+ - Mun0" MM — 2 My Fu M PPN 4 7! Lo
[Cremmer, 1980]

5 x 5 external metric

My N ¢ 27x27 internal metric (scalars), parametrizing the coset Eg)/USp(8)

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

with »Ctop = dKMNFM/\FN/\AK

2.
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D=5 maximal supergravity

after reduction of D=11 supergravity on T¢ and proper dualization of the dof’s,
the D=5 bosonic Lagrangian takes the E¢) invariant form

1 1
L = R+ - Mun0" MM — 2 My Fu M PPN 4 7! Lo

[Cremmer, 1980]
Jur : 5x5 external metric

My N ¢ 27x27 internal metric (scalars), parametrizing the coset Eg)/USp(8)

AILLM - 27 vector fields <«— 27 two-form fields BM,/M

with »Ctop = dKMNFM/\FN/\AK

exceptional field theory:

— same Kaluza-Klein reorganisation of the higher-dimensional fields
— keeping the dependence on all internal coordinates
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E¢6) exceptional field theory

1 1 _
L = R+ﬂ8uMMN8“MMN—ZMMNFWMFWN + e 1ﬁtop

[Cremmer, 1980]

— same Kaluza-Klein reorganisation of the higher-dimensional fields
— keeping the dependence on all internal coordinates

A 1
.L = R =+ Z_ILI_gMVD,uMMNDVMMN - ZMMNTMVM‘T],L\ZV + e_1£t0p - V(M, e).

[Hohm, HS]
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E¢6) exceptional field theory

1 1 _
L = R+ﬂ6uMMN8“MMN—ZMMNFWMFWN + e 1ﬁtop

[Cremmer, 1980]

— same Kaluza-Klein reorganisation of the higher-dimensional fields
— keeping the dependence on all internal coordinates

; 1
.L = R =+ %g’UJVDMMMNDVMMN - ZMMNTMVM‘T]I,\ZV + e_1£t0p - V(M, e).

[Hohm, HS]

2 non-abelian gauge structure:

internal coordinate dependence gives rise to an (infinite-dimensional)
non-abelian gauge structure: the internal diffeomorphisms

known from Kaluza-Klein theory

here: also p-form gauge symmetries and dualization
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E¢6) exceptional field theory

1 1 _
L = R+ﬂ6uMMN8“MMN—ZMMNFWMFWN + e 1ﬁtop

[Cremmer, 1980]

— same Kaluza-Klein reorganisation of the higher-dimensional fields
— keeping the dependence on all internal coordinates

.
L=R+ ﬂg”VDMMMN@VMMN —MMN}WM}‘N te ' Ly, — V(M e).

[Hohm, HS]

? non-abelian gauge structure: generalized diffeomorphisms

Du — a,u — 'CA,,L »CA VM — AN(‘?NVM — K[@NAM} VN

ad]
[Coimbra, Strickland-Constable, Waldram]

combining into a single vector parameter AM e 27

A™ internal diffeomorphisms
AM = A internal 3-form gauge transformations

Aklmnp internal 6-form gauge transformations

by construction Ee) covariant: M TTLAM € e LAdEMN _ g
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E¢6) exceptional field theory

1 1 _
L = R+ﬂ8uMMN8“MMN—ZMMNFWMFWN + e 1ﬁtop

[Cremmer, 1980]
— same Kaluza-Klein reorganisation of the higher-dimensional fields
— keeping the dependence on all internal coordinates

A 1
.L = R =+ ﬁgMVDMMMNDVMMN - ZMMNTMVM‘T],L\ZV + e_1£t0p - V(M, e).

[Hohm, HS]
non-abelian gauge structure:

D, = 0,— L

generalized diffeomorphisms

) LAV = ANoNVM — klonaM] VN
ad]
[Coimbra, Strickland-Constable, Waldram]

embedding 0,, — Jj; subject to the section constraint

KMN
dK MN O @O = 0 d OnmON f = 0 [Berman, Perry, Cederwall,
bl b JEMN g fong 0 Kleinschmidt, Thompson]
M N —

covariant restriction down to 6 coordinates, breaking E¢e) to GL(6)

ID: Onr — {On, IR, ORI 27 — 6+ 15+6 ”
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E¢6) exceptional field theory

1 1 _
L = R+ﬂ8uMMN8“MMN—ZMMNFWMFWN + e 1£t0p

[Cremmer, 1980]
— same Kaluza-Klein reorganisation of the higher-dimensional fields
— keeping the dependence on all internal coordinates

A 1
.L = R =+ ﬁgMVDMMMNDVMMN - ZMMNTMVM‘T],L\ZV + e_1£t0p - V(M, e).

[Hohm, HS]
non-abelian gauge structure:

D, = 0,— L

generalized diffeomorphisms

) LAV = ANoNVM — klonaM] VN
ad]
[Coimbra, Strickland-Constable, Waldram]

embedding 0,, — Jj; subject to the section constraint

KMN
dK MN O @O = 0 d OnmON f = 0 [Berman, Perry, Cederwall,
bl b JEMN g fong 0 Kleinschmidt, Thompson]
M N —

covariant restriction down to 6 (5) coordinates, breaking E¢e) to GL(6) (GL(5) x SL(2))
ID: By — {Or, OX, 07XV B: Oy — {8, NP, 0%, AN} »”
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E¢6) exceptional field theory

1 1 _
L = R+ﬂ6,LMMN8“MMN—ZMMNFWMFWN + e 1ﬁtop

[Cremmer, 1980]

— same Kaluza-Klein reorganisation of the higher-dimensional fields
— keeping the dependence on all internal coordinates

~ 1 1
.L = R =+ ﬂgMVDMMMNDVMMN - ZMMNTMVMTJ/,\L]V + e_1£t0p - V(M, e).

[Hohm, HS]

? non-abelian gauge structure: generalized diffeomorphisms

Dy = 0u—La, LAV = ANoNVM — klonaM] VN

ad]
[Coimbra, Strickland-Constable, Waldram]

non-associative gauge algebra ——> modified YM field strengths
Fu 't = 20, A,™ — [Au, A +10dMN 5 0k By w

with 27 two-forms B,

and topological term dLl., = drgyun F5 AN FYANFY —40d" MY Hie A OyrHN
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E¢6) exceptional field theory

1 1 _
L = R+ﬂ6uMMN8“MMN—ZMMNFWMFWN + e 1ﬁtop

[Cremmer, 1980]

— same Kaluza-Klein reorganisation of the higher-dimensional fields
— keeping the dependence on all internal coordinates

; 1
.L = R =+ %gMVDMMMNDVMMN - ZMMNTMVMTJ/,\L]V + e_1£t0p - V(M, e).

[Hohm, HS]

Z “potential”

1
V(M, e) = o MMN 9y MEE (120, Mk — ONMir)

1 _ 1 _ _ 1 v
549 LOrrg ONMMY — 1 M"Y g g9 Ong — ZMMN(?MQM ON G
— invariant under generalized diffeomorphisms

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

.E R + %gﬁ”}@ MMND MMN —MMNTMVMfN + e_l‘EtOp — V(M, e).

.~ unique two-derivative action with generalized diffeomorphism invariance

modulo section constraints
internal A & external &* diffeomorphisms
uniquely fixed by bosonic symmetries (but can be supersymmetrized)
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E¢6) exceptional field theory

.E R + igﬁu/@ MMND MMN —MMNTMVMfN + €_1£t0p — V(M, e).

unique two-derivative action with generalized diffeomorphism invariance

modulo section constraints
internal A & external &* diffeomorphisms
uniquely fixed by bosonic symmetries (but can be supersymmetrized)

B section constraint admits two inequivalent solutions d*M" 9,y @ Oy = 0

IID: 9y — {am,a*&”,am\%?qr} IIB: Op — {&;,6‘\(’“,0\‘&8\‘\“}

together with proper dictionary of ExFT fields into 1ID/IIB supergravity

M Mia™P M. M;™P )

Mk Mkm” Mkm”p(ﬁ” ik L L ik
/A = /\/l'“ln MPFLmn MFELmnpgr /A = M S MO MO
11D . y - 1IB M Momnp  pgqeB Afo,mpB
Mhzgkln Mhzgkl,mn Mhzyk:l,mnpqr m

Mim Mi,mnp Mi,ﬁ Mi,m,B

the ExXFT equations of motion reproduce full [ID/1IB supergravity
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E¢6) exceptional field theory

~ ] 1
.E = R + —gMVDMMMNDVMMN — ZMMNTMva];YV + e_l‘EtOp — V(M, e).

24
O %
& /Céé
"o 2
O %
S 0z
D=11 sugra lIB sugra

B section constraint admits two inequivalent solutions d®*™% 9,; ® Oy = 0
ID: Opr — {0, OX, 7RI B: Oy — {8, ONF, 0N N}

the ExFT equations of motion reproduce full IID/IIB supergravity
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Exceptional field theories

¢ similar construction can be done for all finite-dimensional duality groups
group G, representation &£, 3 AM

closure of generalized diffeomorphisms ~ LaVY = AYoNVM — 5 (9L AT)(t%) kX (ta) N VY
——— section constraints YKLMNﬁM(X) 0N = 0

2 define invariant action functionals

1/2 1 MN KL 1 MN KL
V= (EM S [Berman, Godazgar, Perry, West]
n % MM (AEL M) (MPES Oy Mrg) + % MMN VPR(MES Y p Mg ) (9ns MNQ)) [Coimbra,, Strickland-Constable, Waldra,m]

2 extend to external coordinates, tensor hierarchy ——> EXFT (full sugra)

£ = R+ = DuMuw DMMY — 2 My 7 M RN =il 1ELS,)
24" 4 - [Hohm, Wang][Abzalov, Bakhmatov, Musaev]
+ Leop = Voor(Murn, guw) [Berman, Blair, Malek, Rudolph]
2
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Exceptional field theories

similar construction can be done for all finite-dimensional duality groups
group G, representation &£, 3 AM

closure of generalized diffeomorphisms ~ LaVY = AYoNVM — 5 (9L AT)(t%) kX (ta) N VY
——— section constraints YKLMNﬁM(X) dN = 0

2 define invariant action functionals

1/2 1 MN KL 1 MN KL
V=t (EM (02 M) O Mrce) = 5 M (On M) O Maae) [Berman, Godazgar, Perry, West]
. % MMN (ALY My 1) (MPS 0y Mig) + % MMN VPR(MES Y p Mg ) (9ns MNQ)) [Coimbra,, Strickland-Constable, Waldram ]

2 extend to external coordinates, tensor hierarchy ——> EXFT (full sugra)

L = J/:E-Fi'D MMN’D“MMN—EMMN‘/T M FuvN [HOhm, H.S']
24 ¥ 4 - [Hohm, Wang][Abzalov, Bakhmatov, Musaev]
+ Liop = Voor(Mar, guv) [Berman, Blair, Malek, Rudolph]

&8 works perfectly for the groups GL(2), SL(2) x SL(3), SL(5), SO(5,5), Es), E7(7)

but closure fails for Egig) ! (the D=3 U-duality group)

no choice of section constraints makes the algebra close ﬁ)
O0—CO0—COCO——0C—0O00C0;
2.
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Ess) exceptional field theory

T

O—0O0—0O00C0C0

despite non-closure of the algebra, one can construct invariant action functionals!

1 1
V(M,g) = —%MMNaMMKL ONMEkr + §MMN5MMKL(9LMNK

1
+ =00 fNCp M5 MPE oy Mg MBoN Mt
1

3 1 _ _ 1 v
59 Long onMMY — ZMMNLC] "oMg g ONg — ZMMNaMgM ON 9w

[Hohm, H.S.]

—>  Egs) generalized diffeomorphisms close into additional symmetries ..!
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Ess) exceptional field theory o—o—o—o—i—o—o

M generalized Lie derivative for Ess AM € Rous

LAVM = AVONVM — g (Or A®)(tY) e (t0) N VY

LVM = 3, FEM YN additional symmetries (constrained rotations)

with parameter X, constrained analogous to the section constraints

. the full algebra closes !

[5(/\1721)7 5(/\2722)] — 5(/\12,212)

Zizm = — 22 MaNAf]L\][ + 2Af§3N21] M — 2 ngé’MAl] N+ VKL A{§ 5’M8NA1L]

. EXFT requires additional gauge connection B, y

DVM = g vM™ — A Ko VM + 60PM B p oA VY +E3ML M NLVNJ

constrained, not present in the dimensionally reduced theory
related to the dual graviton ..

([
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applications: consistent truncations — spheres
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consistent truncations from ExFT

manifestly duality covariant formulation of maximal supergravity

| 1
£ = R + ﬁgMVDMMMNDVMMN o ZMMNTMVMT%V + e_ILtop — V(M, €).

O
{\'bé /CC»‘
S K
50 o
2
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consistent truncations from ExFT

manifestly duality covariant formulation of maximal supergravity

| 1
£ = R + ﬁgMDDMMMNDVMMN o ZMMNTMVMT%V + €_1£t0p — V(M, 6).

O
Qfoé /C(}‘
S K
50 oz
D=11 sugra lIB sugra
((T27”
\4
D=5 maximal sugra
global Eses)
‘explains’ supergravity’s
exceptional global symmetry groups o
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consistent truncations from ExFT

manifestly duality covariant formulation of maximal supergravity

| 1
£ = R + ﬁgMVDMMMNDVMMN o ZMMNTMVMT%V + e_ILtop — V(M, €).

O
{\'bé /CC»‘
S K
S +
D=11 sugra lIB sugra
D=5 gauged sugra
non-abelian gauge group
also allows a compact description
of non-linear reductions ,
2
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consistent truncations from ExFT

manifestly duality covariant formulation of maximal supergravity

| 1
£ = R + —gMVDMMMNDVMMN — ZMMNTMVM}‘%V + e_lﬁtop — V(j\/l, e).

24
«\"’d %\8}5
Y %
& &
D=11 sugra lIB sugra

captured by a twisted torus
generalized Scherk-Schwarz reduction

[Kaloper, Myers, Dabholkar, Hull,
Reid-Edwards, Dall'Agata, Prezas,
HS, Trigiante, Hohm, Kwak,
Aldazabal, Baron, Nunez, Marqués, D=5 gauged Sugl"a
Geissbuhler, Grana, Berman, .

Musaev, Thompson, Rosabal, Lee, non-abelian gauge group
Strickland-Constable, Waldram,

Dibitetto, Roest, Malek, I

Blumenhagen. Hassler, Lust, Cho. also allo.ws a compagt description

Fernandez-Melgarejo, Jeon, Park, of non-linear reductions

Guarino, Varela, Inverso, Ciceri, ...] '0%
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consistent truncations from ExFT

2 AdSs x S5 background of 1IB lIB sugra
KK towers of linearized fluctuations

D=5 maximal sugra
gauge group SO(6)

[Gunaydin,Romans,Warner]

2 AdSs x S5 : lowest KK-multiplet —— D=5 maximal supergravity
non-linear embedding in [IB such that any D=5 solution defines a IIB solution

ds? = A723(z,y) g (x) detdz” + Gl y) (dy™ + /C[ab]m(y)AZb(:E)da:“) (dy™ + /C[cd]”(y)Agd(x)dx”)

Gmn(xv y) — A2/3 (217, y) K[ab]m(y)lc[cd]n(y) Ma,b,cd(x) etc.
2
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consistent truncations from ExFT

2 AdSs x S5 background of 1IB lIB sugra
KK towers of linearized fluctuations

5
D=5 maximal sugra AdSs xS

gauge group SO(6)

[Gunaydin,Romans,Warner]

2 AdSs x S5 : lowest KK-multiplet —— D=5 maximal supergravity
non-linear embedding in [IB such that any D=5 solution defines a IIB solution
ds® = A3 (z,y) gu(x) datds” + Grn (2, y) (dy™ + Koy ™ () AL (z)dz?) (dy™ + Kieq)” (y) AL (z)dz")
G™(xz,y) = A3 (z,y) Ky ™ () Keq)™ (y) M4 () etc.

K construction of |IB solutions \
holography: trust D=5 supergravity calculations
used to be scarce (only few examples until recently)

AdS4 x S7 : [de Wit, Nicolai] 1987
K AdS7 x $4 : [Nastase, van Nieuwenhuizen, Vaman] 1999 J
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consistent truncations from ExFT

ExFT

A~ 1
L =R+ ﬁg’U“VDMMMNDVMMN — —MMNT’“VM:FN + e_l.ﬁtop - V(jvl, €).
Q)
Q(/C.)
7
L7
%

lIB sugra

'4 ;m.; ) T

“‘0.

mo,

D=5 maximal sugra
gauge group SO(6)

(L
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consistent truncations from ExFT

ExFT

.E = R + %gMVDMMMNDVMMN - %MMNfMVMT%V + e_l‘EtOp - V(jvl, e).

O.
captured by a /Q?O
generalized Scherk-Schwarz /760/
reduction of ExXFT

MMN(QZ,Y) = UMK(Y) MKL(CL‘) UNL(Y)

lIB sugra

AN (@, Y) = p7 ' (V) (U )M (V) A" (@)

B m(@,Y) = p 2(Y)Up™ (Y) By k(%)

D=5 maximal sugra
gauge group SO(6)

(L
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consistent truncations from ExFT

ExFT

.E = R + %g,uJ/DMMMNDVMMN - %MMNfMVMT%V + e_l‘EtOp - V(jvl, e).

O
/C(‘/b
%
%
MMN(CC,Y) =
AM(z,Y)
g lIB sugra

B,LLI/ M(ZIZ, Y) =

D=5 maximal sugra
gauge group SO(6)

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

!
2 system of consistency equations (UM (U )" 0pUL" )4, = pXun"

2 generalized (Leibniz) parallelizability Lo Uy = Xun™ Uk

2 no general classification of its solutions (Lie algebras vs Leibniz algebras) "’@
Henning Samtleben ENS de Lyon !NSdeLYON




consistent truncations from ExFT

ExFT

.E = R + %g,uJ/DMMMNDVMMN - %MMNfMVMT%V + e_l‘EtOp - V(jvl, e).

O
/C(‘/b
%
%
MMN(CC,Y) =
AM(z,Y)
g lIB sugra

B,LLI/ M(ZIZ, Y) =

D=5 maximal sugra
gauge group SO(6)

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

—1/27 o/A
. : 8 ai?
2 twist matrix for AdSs x S5 U = . € SL(6) C Egg
Yt —2¢0.Y"

built from sphere harmonics & volume form

Henning Samtleben ENS de Lyon
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AdSs x S>

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

ds? = AT23(x,y) gu(x) detde” + Gl y) (dy™ + K[ab]m(y)AZb(x)da:“) (dy™ + /C[Cd]"(y)Aﬁd(a?)dx”)

G (z,y) = A3 (z,y) Kiay™ () Kieq)™ (y) M ()

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

~ 1 _ ~
Cklmn — Cklmn + _a)klmnpA4/3maﬂquaq(A_4/3maﬂ)’

16
\/z ab
Cotmn = v el s
V2
C,uumn — TK[ab]kZ[cd]kmnA[,uabAy] Cda
1 cdef a c e
Cm,uyp — —3—2K[ (2 ‘g‘gﬂVPGTMab NFG‘L'N -+ \/_gabcdefgﬂl/p ) \/_]C ab cd [ef]mkl(A[” bA d A )] f)
1 |
Cﬂl/ﬂa — T 1z y Clyb < |g|8ﬂ1/porD My nM Nea 2\/Z’gca’ef ng [,uquApean] ga) Dipn = = g Y VIelesupoe D (M D" Myc.)
+ : y yb\/|—g_g :mF'dN <MhL-_NFm‘aC—%\/l—dgfx/fﬂdbM‘laNBm”ﬂ>
(\/71C ab] cd K[ef]nzgh kin — yhy gabcegjﬂdf>A[uabA CdA ef A ]gh + Aﬂvpa( ) 100‘/E oYV (1M 4 XD, Jre iy g

" €. 1 a C e gh
+ fg h(‘tle/FVvathaLdAr]Lf +EF[;41/ hAp dAa fAr]Jl Eabedenfh

1 ) i,
+ E \/EA LuabAv(dA/prArr!]hAr] Y EabcegilldfMhj»

proves the consistent truncation of IIB on AdSs x S5
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applications: other consistent truncations

hyperboloids

product manifolds

(L

-
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other consistent truncations: hyperboloids

ExFT

.E = R + %g’u’VDMMMNDVMMN = %MMN‘TMVMT%V + e_l‘EtOp - V(jvl, e).

D=5 maximal sugra
gauge group SO(6)

& similar: twist matrices U, U e SL(6)
associated to SO(p, g) and CSO(p, g, r)

~ g—l/Za.?A
built from sphere harmonics on SO(p, q)/SO(p,g—1) U = e e SL(6)
Yyt -200y"
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other consistent truncations: hyperboloids

ExFT

L=R+ % gh" D, MMND, M,y — imMN FurMFN 4oL L o~ V(M, e).

D=5 maximal sugra
gauge group SO(p,q)

D=5 maximal sugra

gauge group SO(6) D=5 maximal sugra
gauge group CSO(p,q,r)

B similar: twist matrices U, U € SL(6)
associated to SO(p, g) and CSO(p, g, r)

~ g—l/Za.?A
built from sphere harmonics on SO(p, g)/SO(p,g—1) U = e e SL(6)
YA 200y
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other consistent truncations: hyperboloids

ExFT

.E = I’é + %g,UJ/DMMMNDVMMN — %MMNTMVMTJXV + e_l.ﬁtop - V(jvl, e).

/C‘ ((/O
7)
Ly

lIB sugra

>

i

- 7 “"%‘;‘;“i“i\'\‘\‘

S—

D=5 maximal sugra
gauge group 50(p,q)

D=5 maximal sugra

gauge group SO(6) D=5 maximal sugra
gauge group CSO(p,q,r)

B similar: twist matrices U, U € SL(6)
associated to SO(p, g) and CSO(p, g, r)

P background: (warped) hyperboloids  [Hull, Warner] [Baron, Dall’Agata]
2 in general no IIB solutions, still consistent truncations!
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other consistent truncations: product manifolds [Inverso, HS, Trigiante]

a priori generalized parallelizability is not inherited to products

SPxS1, SPx HY, etc..

possible for compactifications to D=4, described within E77) EXFT

based on electric/magnetic split of internal coordinates

G =E; C Sp(56), %, =56 Y™l — {y*8 Yap} AB=1..8
2
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other consistent truncations: product manifolds [Inverso, HS, Trigiante]

a priori generalized parallelizability is not inherited to products

SPxS1, SPx HY, etc..

2l possible for compactifications to D=4, described within E7z) EXFT

based on electric/magnetic split of internal coordinates

G =E; C Sp(56), %, =56 My — (v vap}  AB=1..8

Scherk-Schwarz product ansatz UlY) = Uy)U®) SP x §4

U@ : {v'}={v"}c{v*?} [@@: {7.} = {Yor} c {Yan}

a6 s | o
5: S5xSt | U} IIB
b0 sx® L)
3: $3xS3 | , U, U5, e } 113]

induces D=4 dyonic gaugings (SO(p, q) x SO(p’,q¢")) x N  [Dall’Agata, Inverso]
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other consistent truncations: product manifolds [Inverso, HS, Trigiante]

& an example:

ptq=5 {

lIB sugra

(AdS, xS x H' ] l

7:&6}

D=4 maximal sugra

gauge group [SO(1,1) x SO(6)] x T*?

@ SO(6) : not stationary

D=4 scalar potential

U(Y) = U(y)U()

Henning Samtleben
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other consistent truncations: product manifolds [Inverso, HS, Trigiante]

& an example:

ptq=5 {

lIB sugra

(AdS, xS x H' ] l

7:&6}

D=4 maximal sugra

gauge group [SO(1,1) x SO(6)] x T*?

@ SO(6) : not stationary

D=4 scalar potential

U(Y) = U(y)U()

@® SO@): ./ =4, AdS, vacuum
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other consistent truncations: product manifolds [Inverso, HS, Trigiante]

B anexample: ptg=5 |{ 76 | UY) = Uy)U(@)

lIB sugra

Janus solution

5 1 2 2
(AdS4 X5 X H ) (AdS4 X 57X 57X Z) [D’Hoker, Estes, Gutperle]

ds® = A’sin’z (14 2cos’z) dYPdYy

D=4 maximal sugra + A% (1 4 2sin’z) cos®z dYydYS

1
A=Y (dedz + dndn) + = A~ ds?
gauge group [SO(1,1) x SO(6)] x T2 -7 (dxdz + dndn) + 3 Skds,
Hyt = 2v23 Vg /\d( e”"sin’e )

1 + 2sin’z
@ SO(6) : not stationary ® SOM4): ./ =4, AdS, vacuum

with a maximally supersymmetric
consistent truncation around!

D=4 scalar potential

Henning Samtleben ENS de Lyon
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applications: Kaluza-Klein spectroscopy
[E. Malek, HS]

lIB sugra
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Kaluza-Klein spectroscopy

2 AdSs x S° background of 1IB

KK towers of linearized fluctuations

D=5 maximal sugra

gauge group SO(6)

lIB sugra

[Gunaydin,Romans,Warner]

2 AdSs x S5 : lowest KK-multiplet —— D=5 maximal supergravity
non-linear embedding in [IB such that any D=5 solution defines a IIB solution

FIG. 2. Mass spectrum of scalars.

[Kim, Romans, van Nieuwenhuizen]
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Kaluza-Klein spectroscopy

2 AdSsx S° background of 11B IIB sugra
KK towers of linearized fluctuations

D=5 maximal sugra
gauge group SO(6)

[Gunaydin,Romans,Warner]

2 AdSs x S5 : lowest KK-multiplet —— D=5 maximal supergravity
non-linear embedding in [IB such that any D=5 solution defines a IIB solution

y a_ in EXFT variables

/ Muyn (2, Y)

A (@ Y) = p (V) (U e (Y) A (2)

Upt™ (V) Mgcr(2) Un*(Y)

Bw/M(xa Y) = 10_2(Y) UMK(Y) B,LwK(x)

what about the higher Kaluza-Klein modes ?

FIG. 2. Mass spectrum of scalars.

[Kim, Romans, van Nieuwenhuizen]
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Kaluza-Klein spectroscopy

2 traditionally: expand fluctuations in S° sphere harmonics

10D scalar: ¢(z,y) = Z ox(x) Y Z D100 ( z) Ylr0.0] P00l — (A1 Aan))
>

10D internal metric: gri(z,y) Z 9[n,0,0] y;ﬁ 004 Z 9in,0,0](T) y;i?’l’l] + Z 9in,2,2) (%) yl£7’2’2]

etc.

afyB
&
FIG. 2. Mass spectrum of scalars.
[Kim, Romans, van Nieuwenhuizen] '0%
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Kaluza-Klein spectroscopy

2 traditionally: expand fluctuations in S° sphere harmonics

10D scalar: ¢(z,y) = Z ox () V= (y) = Z D00 () oY Pln0.0] — (A1 pAn)
py n

10D internal metric: gri(z,y) Z 9[n,0,0] yk? 004 Z 9in,0,0](T) y;i?’l’” + Z 9in,2,2) (%) yl[c7’2,2]

etc.
2 linearize & diagonalize field equations —— mass spectrum
TABLE III. Complete mass spectrum. 2
. [ 7 s
. N H;z (k>0) 12(:52?)
hiapy=0 M? 300,. .
A H:z (k=0) 2:
- e o
" [- e . .
ek, e s Capyd
o (‘Z: (k>0) 2:),.. k
(b e
N FIG. 2. Mass spectrum of scalars.
[Kim, Romans, van Nieuwenhuizen] Vl’é
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Kaluza-Klein spectroscopy

2 traditionally: expand fluctuations in S° sphere harmonics

10D scalar: ¢(z,y) = Z ox () V= (y) = Z D00 () oY Pln0.0] — (A1 pAn)
py n

10D internal metric: gri(x,y) Zgnoo yi00) +Zgn00 )y +Zg[n72,2] ) 2.2

etc.
2 linearize & diagonalize field equations —— mass spectrum

? combine into 1/2-BPS multiplets  %0.010.0 ® %3.0.0100 D Bl4.0010.0)

TABLE IIL. Complete mass spectrum.

Irred.

Spin Field Masses on §° reps. 1 / 2 B P S (%
2 h=HA Y M2=ck(k +4) (k20 1,6,20,... =
. haw=B,’ Y ‘M’:ez(k—l)(k+lb (k>1) 15,64,175,. . . [n’O’O] (O’O)
sy = as €apy™ Dy V2* M2=eX(k+3)(k +5) (k>1) 15,64,175,. . . [, 00](00)
he=r1y"t IM e%k(k—4) (k>2) 20,50,. .. 1 1
Gapyy=b""€apysDeY"! 2k +4)(k +8) (k>0) 1,6,20,. .. [n—1, 10](07) +[n—1, 01](70)
0 hiap =8 Yl M2=cki(k+4) (k>2) 84,300,.... [n —2,02](00) + [ — 2,20](00) + [n — 1,00](01) + [n — 1,00](10) + [ — 2, 11](% %)
0 —g"yh Mi—ek(k+4) ) 1,60,20,, .. [n —2,10)01) + [n = 3,12]0%) + [ — 2,011} 0) + [n — 3,211(0) + [n — 2, 01](F 1) + [ — 2, 10](1 })
nt i M?=eXk+2) (kx1) 10,45, 2[n —2,00](00) + [n — 4, 22](00) + [n — 3,02](01) + [n — 3,20](10) + 2[n — 3, 11](% %) + [n —2,00](11)
Aot . wx S [n = 3,1010%) + [n — 4,12]0%) + [n = 3,011(30) + [n — 4,211(50) + [n — 3,01](3 1) + [n — 3, 10](1 })
—alys Mok s Ik 43) s 15,64 . [n74,02](00)+[n74,20](00)+[n73,00](01)+[n73,00](10)+[n74,11](%%)
, R (e *2 [n —4.10103) + [n — 4,01110)
ap=a "= Tiaf]" > ses
M2 =eX(k +2)(k +6) (k>1) 10,,45,, [ — 4,00](00)
I M=ck (k>0) 4,2,. ..
Yu=u [3= —elk+12) (k >0) 4,205, ..
. M=ek+3) (k>0) 36%,140%,. ..
V=¥ [M:ﬂwk +3) (k>0) 36,140,. . .
I (.’Vl:e(k+ ) (k>0) 4,20,...
V=¥ D" +Xren M=—elk—1) (k1D 20%,...
sl [M:wwr;) (k>0) 4,20,...
T M=—e(k+3) (k>0) 44,20%,...

FIG. 2. Mass spectrum of scalars.

[Kim, Romans, van Nieuwenhuizen ] ’
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Kaluza-Klein spectroscopy in EXFT [Malek, HS]

2 lowest KK-multiplet in EXFT variables

AM@Y) = p V) U HMY) ALK @) Buwm(,Y) = p72(Y) Un™(Y) Bk (x)
? extend to higher Kaluza-Klein modes with the tower of scalar harmonics 2
AM(@,Y) = p (V) (U M(Y) 3 AL (@) Y
b

Bum(z,Y) = p2(W)UnE(Y) D Buks(z) V>

2.
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Kaluza-Klein spectroscopy in EXFT [Malek, HS]

2 lowest KK-multiplet in EXFT variables

AMM(:I;,Y) = p_l(Y) (U_l)KM(Y>AuK(x) Bw/M(QjaY) — /0_2(Y) UMK(Y) BLWK(ZE)

2 extend to higher Kaluza-Klein modes with the tower of scalar harmonics 2

AM(@,Y) = p ' (Y) (U HMY) Y A (@) V>

Bum(z,Y) = p2(W)UnE(Y) D Buks(z) V>

2 reproduces the full Kaluza-Klein spectrum

combining the lowest KK-multiplet with the tower of scalar fluctuations

2 for fixed X = [n,0,0], this combines all fluctuations of the multiplet B1.0.010.0)

mixing of different states occurs from the ExFT — IIB dictionary
and upon evaluating the product U,/%(Y) Y=(Y)
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Kaluza-Klein spectroscopy in EXFT [Malek, HS]

2 lowest KK-multiplet in EXFT variables

AMM(%Y) = p_l(Y) (U_l)KM(Y>AuK($) Bw/M(an) — IO_Q(Y) UMK(Y) BLWK(ZE)

2 extend to higher Kaluza-Klein modes with the tower of scalar harmonics 2

AM(@,Y) = p ' (Y) (U HMY) Y A (@) V>

Bum(z,Y) = p2(W)UnE(Y) D Buks(z) V>

2 reproduces the full Kaluza-Klein spectrum

combining the lowest KK-multiplet with the tower of scalar fluctuations

2 for fixed X = [n,0,0], this combines all fluctuations of the multiplet B1.0.010.0)

mixing of different states occurs from the ExFT — IIB dictionary
and upon evaluating the product U,/%(Y) Y=(Y)

? simple and compact (re-)derivation of the supergravity spectrum on S°

2 direct identification of BPS multiplet components within IIB supergravity @
Henning Samtleben ENS Lyon E!@




Kaluza-Klein spectroscopy in EXFT [Malek, HS]

AM(@,Y) = p 1Y) (U HMY) YA (@) >

Buvm(z,Y) = p2(Y)Un™(Y) Y Buw () V”

2 linear in fluctuations, exact in the lowest Kaluza-Klein multiplet

allows to switch on non-vanishing background for the D=5 supergravity scalars !
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Kaluza-Klein spectroscopy in EXFT [Malek, HS]

AM(@,Y) = p ') (U HMY) ) A (z) V>

Buvm(z,Y) = p2(Y)Un™(Y) Y Buw () V”

2 linear in fluctuations, exact in the lowest Kaluza-Klein multiplet

allows to switch on non-vanishing background for the D=5 supergravity scalars !

® / =38, SO(6), round S°

Freedman-Gubser-Pilch-Warner flow
® /=2, U(Q2), deformed S°
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Kaluza-Klein spectroscopy in EXFT [Malek, HS]

AM(@,Y) = p ') (U HMY) ) A (z) V>

Buvm(z,Y) = p2(Y)Un™(Y) Y Buw () V”

2 linear in fluctuations, exact in the lowest Kaluza-Klein multiplet

allows to switch on non-vanishing background for the D=5 supergravity scalars !

® /=38, S0O(6), round S°

Freedman-Gubser-Pilch-Warner flow
® /=2, U(Q2), deformed S°

? the above ansatz allows to compute the full KK spectrum around the .4/ = 2 point

so far only known for the 128 dof’s from the supergravity multiplet [FGPW '99]

lIB analysis would require harmonic analysis on a hon-symmetric space &
effect of non-vanishing p-form fluxes, possible in the spin-2 sector [Bachas, Estes]
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Kaluza-Klein spectroscopy in EXFT [Malek, HS]

AM@Y) = p7' (V) (U HMY) ) AT (@) Y

Buvm(z,Y) = p2(Y)UnX(Y) Y Buw () V”

? the above ansatz allows to compute the full KK spectrum around the ./ = 2 point

plug into the ExFT action and linearize in fluctuations

A1
.E = R + ﬁg’u’y:DMMMNDyMMN — %MMNT’U’VM}‘%V + e_l.ﬁtop — V(jvl, e).

2 e.g. mass matrix for vector fluctuations AMM’Z
1

MME,NQ X § X]SWLK X]S\TKL 5> + 2 (X]SWKN — XZSVMK) TK,QE
8
—6 (PKMLN + IP’MKLN) To.onTr ax + 3 Tn ATy as
in terms of symmetrized D=5 embedding tensor X3,~* = Xun® + XareY

adioint projector P N5, = (t)nM(ta)r®

action of dressed Killing vector field 3,™0,,Y* = Tarsa Y

Henning Samtleben ENS Lyon
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Kaluza-Klein spectroscopy in EXFT [Malek, HS]

AM(@,Y) = p7 (V) (U HEM(Y) Y A (@) Y™

Buvm(z,Y) = p2(Y)UnX(Y) Y Buw () V”

? the above ansatz allows to compute the full KK spectrum around the ./ = 2 point

e.g. at level X = [3,0,0] in multiplets D(E,, j;,j,;r) of SUR2) X SUR2,2|1)

0: D(1+3Vv37,0,0;1)c + D(1+ 5V61,0,0;1)c + Ds(3, 3, 5; 1)c +2Ds(3, 3,0, —1)c + D(3, 5,0;1)c
1
> D(1+3iv145,4 2 D + D(1 + $v193,0,0; 2)c + D(22,2,0; 3)c + D(4, 3,0, — 1)
+Ds(12,0,0; 2)c + Ds(3£,0,0; 2)¢
1: 2D(1+v7,0,0;0)+ D(1+V7,%,0;0)c + Ds(Z,%,0;1)c + Ds(3, %,0;2)c
3
E: Ds(5,0,0; 3)c
Henning Samtleben ENS Lyon  Ea:#



Kaluza-Klein spectroscopy in EXFT [Malek, HS]

AM(@,Y) = p7 (V) (U HEM(Y) Y A (@) Y™

Buvm(z,Y) = p2(Y)UnX(Y) Y Buw () V”

the above ansatz allows to compute the full KK spectrum around the ./ = 2 point

? e.g. at level X =[3,0,0] in multiplets D(E,, j;,j»;r) of SU2)xSU2,2|1)

0: D(1+3Vv37,0,0;1)c + D(1+ 5V61,0,0;1)c + Ds(3, 5,5 e +2Ds(5, 3,0, —1)ec + D(3,5,0;1)c
1
> D(1+3iv145,4 2 D + D(1 + $v193,0,0; 2)c + D(22,2,0; 3)c + D(4, 3,0, — 1)
+Ds(22,0,0; 2)c + Ds (45, 0,0; 2)¢
1: 2D(1+v7,0,0;0)+ D(1+v7,%,0;0)c + Ds(%,2,0;1)c + Ds(3, %,0;2)c
3
5 : Ds(3,0,0; 2)c
in terms of semi-short and long multiplets
Henning Samtleben ENS Lyon  Ea:#



Kaluza-Klein spectroscopy in EXFT

[Malek, HS]

[P
L\ \
W

L\ \\"4
YWY

AM(@,Y) = p7 (V) (U HEM(Y) Y A (@) Y™

Buvm(z,Y) = p2(Y)UnX(Y) Y Buw () V”

the above ansatz allows to compute the full KK spectrum around the ./ = 2 point

e.g. at level X = [3,0,0] in multiplets D(E,, j;,j,;r) of SUR2) X SUR2,2|1)

0: D(1+3v37,0,0;1)c +D(1+ 5V61,0,0;1)c + Ds(3, 3,5; 1)c +2Ds(3, 3,0, —1)c + D(3,35,0;1)c
1
E: D(1+i 1457%7%7%)@"_19(1—'_%\’19370707%)C+D(1Z57%707%)C+D(1Z77%707_%)C
+DS(%7070;%)C+DS(1Z77070;%)(C
1: 2D(1+v7,0,0;0) + D(1+v7,%,0;0)c + Ds(Z,2,0;1)c + Ds(3, %,0;2)c
3
E: Ds(5,0,0; 3)c
in terms of semi-short and long multiplets

2.
ENS Lyon  Ndu®

Henning Samtleben
e



Kaluza-Klein spectroscopy in EXFT [Malek, HS]

2 ExFT offers access to the full KK spectrum around any AdS vacuum
located within maximal D=5 supergravity

2 the same applies to vacua in all other maximal supergravities

2 some other interesting candidates:

A = 2 vacuum in D = 4 maximal SO(8) supergravity

[Warner][Nicolai,Warner][Klebanov, Klose, Murugan][Klebanov, Pufu, Rocha]

N = 3 vacuum in D = 4 maximal ISO(7) supergravity, Romans’ mllA on S°

[Guarino, Jafferis, Varela] —— holography with Chern-Simons matter theories

Stable (?) A4 = 0 vacuum in D = 4 maximal SO(8) supergravity
[Fischbacher, Pilch, Warner][Godazgar, Godazgar, Kruger, Nicolai, Pilch]

—> non-supersymmetric stable AdS vacua ?

Recent numerical scan of vacua in D = 4 maximal SO(8) supergravity
[Comsa, Firsching, Fischbacher]

2 to be generalized to vacua in half-maximal (quarter-maximal) supergravities ...
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other developments — conclusions
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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

AdS3 x S3 reductions from 6D supergravity, N=(1,1) and N=(2,0) w tensor-multiplets

(L
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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
AdS3 x S3 reductions from 6D supergravity, N=(1,1) and N=(2,0) w tensor-multiplets

2 consistent truncations with less supersymmetry in EXFT (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

(L

)
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other applications / developments

2 EXFT for infinite dimensional Kac-Moody algebras
affine E9(<9): infinite-dimensional highest-weight representations

[Bossard, Cederwall, Ciceri, Inverso, Kleinschmidt, Palmkvist, HS] —> Gianluca’s talk

towards E11 EXFT [Bossard, Kleinschmidt, Sezgin][West]

2 fermions & superspace
E; 7 : super-diffeomorphisms in (4 + 56|32)
[Butter, HS, Sezgin] —> [Howe, Lindstrom 1981]

2 embedding of massive IlA theory

by deformations of ExXFT
by Scherk-Schwarz reduction violating the section constraints
[Ciceri, Guarino, Inverso] [Cassani, de Felice, Petrini, Strickland-Constable, Waldram]

2 embedding of ‘generalized IIB’ theory

background from #-deformed AdSs x S5 sigma model

T-dual of lIA with non-isometric dilaton
[Baguet, Magro, HS] [Sakatani, Uehara, Yoshida]
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other applications / developments

2 unifying framework for brane solutions
organisation of exotic branes

[Berman, Rudolph, Bakhmatov, Kleinschmidt, Musaev, Otsuki,
Fernandez-Melgarejo, Kimura, Sakatani] — Chris’ talk

2 orbifolds and orientifolds in ExFT
unified approach in terms of generalized orbifolds (O-folds) [Blair, Malek, Thompson]

2 exceptional string sigma model
string sigma model with ExFT background fields [Arvanitakis, Blair]

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

2 underlying mathematical structures
L -algebras, Borchers superalgebras, tensor hierarchy algebras

[Cederwall, Palmkvist][Hohm, Kupriyanov, Lust, Traube]
[Cagnacci, Codina, Marques][Arvanitakis][Hohm, Zwiebach] Sm— Olaf’s talk
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conclusions

= exceptional field theory

manifestly duality covariant formulation of maximal supergravity

unique theory with generalized diffeomorphism invariance

upon an explicit solution of the section constraints
the theory reproduces full D=11 supergravity and full D=10 IIB supergravity

2z powerful tools for consistent truncations
construction of vacua
Kaluza-Klein spectroscopy
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conclusions

exceptional field theory

manifestly duality covariant formulation of maximal supergravity
unique theory with generalized diffeomorphism invariance

upon an explicit solution of the section constraints
the theory reproduces full D=11 supergravity and full D=10 IIB supergravity

2z powerful tools for consistent truncations
construction of vacua
Kaluza-Klein spectroscopy

g Cha l lengeS

higher order corrections ——>  Diego’s talk
decrease number of external dimensions — unifying picture
weaken / relax section constraints [Bossard, Kleinschmidt, Sezgin |

new variables for supergravity
— or hints towards a more fundamental structure ..?
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