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duality symmetries in supergravity

2 upon toroidal reduction on T 9, eleven-dimensional supergravity
exhibits the global exceptional symmetry group E q()

D=11 supergravity lIB supergravity

[Cremmer, Julia 1979]

D= supergravity D=5 supergravity
maximal supersymmetry, global E 7(7) maximal supersymmetry, global E )

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

2 upon toroidal reduction on T d, eleven-dimensional supergravity
exhibits the global exceptional symmetry group E q()

D=11 supergravity lIB supergravity

[Cremmer, Julia 1979]

D= supergravity D=5 supergravity
maximal supersymmetry, global E 7(7) maximal supersymmetry, global E )

after proper dualization/reorganisation of the fields

the GL(d) subgroups can be explained geometrically

the compact subgroup SU(8)! Er 7 can be made visible already
In eleven dimensions [de Wit, Nicolai 1986]

SO(1,10)"" SO(1,3)# SO(7) " SO(1,3)# SU(8)

to which extent are (remnants of) the full exceptional groups present in D=11 ? 0@
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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, Godazgarr,
Godazgar, Perry, West, Musaev, Coimbra, Strickland-Constable, Waldram,
Pacheco, Kwak, Jeon, Lee, Park, Suh, Blair, Malek, Cederwall, Kleinschmidt,
Thompson, Edlund, Karlsson, Aldazabal, Gra—a, MarquZs, Rosabal, GeissbYhler,

, E , E ]
[double field theory ) [generalized geometry)
[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 Nicolal,
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 E )
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D=5 maximal supergravity

after reduction of D=11 supergravity on T ¢ and proper dualization of the dofOs,
the D=5 bosonic Lagrangian takes the E) invariant form

1 1
| = R+—!HMMN!HMMN! - M MmN FH!MFH!N +e!1£t0p
24 4
[Cremmer, 1980]
Uu! : 5 X5external metric
M MN ;27 x 27internal metric (scalars), parametrizing the coset E 66)/USp(8)
AUM . 27vector fields <«—— 27two-form fields By v

with Lip = dkmn FM T EN T AK
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D=5 maximal supergravity

after reduction of D=11 supergravity on T ¢ and proper dualization of the dofOs,
the D=5 bosonic Lagrangian takes the E) invariant form

1 1
| = R+—!HMMN!HMMN! - M MmN FH!MFH!N +e!1£t0p
24 4
[Cremmer, 1980]
Uu! : 5 X5external metric
M MN ;27 x 27internal metric (scalars), parametrizing the coset E 66)/USp(8)
AUM . 27vector fields <«—— 27two-form fields By v

with Lip = dkmn FM T EN T AK

exceptional field theory:

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

2.
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E¢6) exceptional field theory

L = R+ 2—14!HMMN!“MMN ! %MMN FuMFHN + €1 Lo

[Cremmer, 1980]

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

U 11AS

1 . : 1 ’ 0
L & R$ ﬂg! D, M MND--P]/IgMN %M wF Y MEN $ %L, %V'M ;ett
- [Hohm, HS]
2.
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E¢6) exceptional field theory

L = R+ 2—14!HMMN!“MMN ! %MMN FuMFHN + €1l

[Cremmer, 1980]

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

U 11AS 1 : 1

L & R$ 20" D M 'V'ND--rI\]/IgMN %M unF " MEN $ €L o, % VM et

[Hohm, HS]

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

L = R+ 2—14!HMMN!“MMN ! %MMN FuMFHN + €1 Lo

[Cremmer, 1980]

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

JU 11IAdS 1 i 1
L & R$ Zlg!" D, M 'V'ND--rI\]/IgMN %M unF "MEN $ e”lL o, % V"M ; et
[Hohm, HS]
Z non-abelian gauge structure: generalized diffeomorphisms
Dy = 'y! La, L, VM = NP yM o M N

adj
[Coimbra, Strickland-Constable, Waldram ]

combining into a single vector parameter ! M I 27
wo | m Internal diffeomorphisms
= ” \ e internal 3-form gauge transformations
! Klmnp internal 6-form gauge transformations
by construction Eee) covariant: M 'L M | e L, dMN - = q
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E¢6) exceptional field theory

L = R+ 2—14!HMMN!“MMN ! %MMN FuMFHN + €1 Lo

[Cremmer, 1980]

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

U 11AS

1 . : 1 . 0
L & R$ ﬂg! D, M MND--P]/IgMN %M wF Y MEN $ %L, %V'M ;ett
| [Hohm, HS]
non-abelian gauge structure: generalized diffeomorphisms
Dy = 'y! La, L, VM = NP yM o M N

adj
[Coimbra, Strickland-Constable, Waldram ]

embedding !, F I'm  subject to the section constraint
KMN _
g<MN | | -0 d Im!nf =0 [Berman, Perry, Cederwall,
‘M + N = gKMN | uflng = 0 Kleinschmidt, Thompson]

covariant restriction down to 6 coordinates, breaking Ess) to GL(6)

D Ty | {1, 0,1 QA ) 271 6+ 15+ 6 |
= — D,
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E¢6) exceptional field theory

L = R+ 2—14!HMMN!“MMN ! %MMN FuMFHN + €1 Lo

[Cremmer, 1980]

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

JU 11AdS 1 i 1
L & R$ ﬂg!" D, M MND--P]/IgMN %M unF " MEN $ el (o, %V'M et
| [Hohm, HS]
non-abelian gauge structure: generalized diffeomorphisms
Dy = !yu! La, L, VM = iNpyM o M N
adj
[Coimbra, Strickland-Constable, Waldram ]
embedding !, F I'm  subject to the section constraint
g<KMN _ 0 d“MN Im!nf =0 [Berman, Perry, Cederwall,
‘M + N = g<KMN g =0 Kleinschmidt, Thompson]
M- N —

covariant restriction downto 6 (5) coordinates, breaking Ess) to GL(6) (GL(5) x SL(2)

ID: Ty | {!m,!}\’hi\g‘”} 1B: 1 ! {ll\(k&\ﬁ} %
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E¢6) exceptional field theory

L = R+ 2—14!HMMN!“MMN ! %MMN FuMFWN + &1 Lo

[Cremmer, 1980]

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

U 11AS

1 . : 1 . 0
L & R$ ﬂg! D, M 'V'ND--rI\]/IgMN %, M unF 5 MEN $ el o % V"M ; et
[Hohm, HS]
non-abelian gauge structure: generalized diffeomorphisms
Dy = !y! La, L, VM = iNpyM o M N
' adj

[Coimbra, Strickland-Constable, Waldram ]
non-associative gauge algebra ———> modified YM field strengths
Fut = 20, A,™M0 AL, AR +10dMNV 5 Ok By v

with 27two-forms By m

and topological term  dLy, = dimn FX ! FM T EN ™ 40d"MN H 11y Hy
2.
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E¢6) exceptional field theory

L = R+ 2—14!HMMN!“MMN ! %MMN FuMFHN + €1l

[Cremmer, 1980]

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

U 11AS

1 . = 1 .. .
L & R$ ﬂg! D, M 'V'ND--rI\]/IgMN %M wF Y MEN $ %L, %V'M ;ett
[Hohm, HS]
OpotentialO
V'M et = 2—14|\/|MN IyMEE @21 Mgk ! InM kL)
1

B 1 _ _ 1 y
549 10M9(9NMMN—ZMMN9 YoMy g 18NQ—ZMMN3M9“ ON G

N invariant under generalized diffeomorphisms
N generalized (internal) curvature scalar

(L

2
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E¢6) exceptional field theory

JU 11AdS

1 . = 1 .. .
L & R$ "D, MMND. M yn %M wF " MEN $ e, % V"M ; ett

249 ng

. unigue two-derivative action with generalized diffeomorphism invariance

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

([
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E¢6) exceptional field theory

JU 11AdS

1 1 .. .
L & R$ —g D, M MND, Ir\1/|gMN %M wF " MEN $ e, % V"M ; ett

*» unique two-derivative action with generalized diffeomorphism invariance

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

B section constraint admits two inequivalent solutions  dMN 1, 1 Iy =0

ID: Ty 1 {1,101 TNar B: Dar b {1 URE RN

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

-

M ; M, MP M M ;™
M kn M kmn M kmnpqr ! ijl|<m ijlk!,mnp ijlk!, " ukI m
M M M i/
" — M K M Klmn M Kimnpar  $ U — m | = (é
11D hijkln hijkl,mn hijkl, mnpgr 1B My MM M- M om
M n M ' M ' Mim M mnp M N Em

the EXFT equations of motion reproduce full I1D/IIB supergravity
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E¢6) exceptional field theory

JU 11AdS

1 1 ’ o
L & R$ —g D, M MND, Ir\1/|gMN %M wF " MEN $ e, % V"M ; ett
S
S°
&
D=11 sugra lIB sugra
3 section constraint admits two inequivalent solutions d"MN 1,1 1y =0

ID: Iy ! {1, ! 01N I1B: {14, 1N, \{\}

the EXFT equations of motion reproduce full IID/IIB supergravity

(L

[J
Henning Samtleben ENS de Lyon &!ﬁ
..



Exceptional field theories

similar construction can be done for all finite-dimensional duality groups
group G, representation # , $ 0V

closure of generalized diffeomorphisms L VM =1 MigvM = )y ) =t )n™ vh
—— section constraints & MN' (') O

2 define invariant action functionals

oy, 1 . . 1 ; .
V= tE MM M) M) SMMY (M) M) ) [Berman, GOdaZgar’ Perry’ WeSt]

e L (KL M )OS M) + M M PO(M S o M )1 M) [Coimbra, Strickland-Constable, Waldram]

2 extend to external coordinates, tensor hierarchny ——=F&xFT (full sugra)

L = R+ iD M DHM MN | }M E M N [HOhm, HS]
S AT [Hohm, Wang][Abzalov, Bakhmatov, MusaeV]

+ Liop ! Voot (M mn > G ) [Berman, Blair, Malek, Rudolph]
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Exceptional field theories

similar construction can be done for all finite-dimensional duality groups
group G, representation # , $ 0V

closure of generalized diffeomorphisms L VM =1 MigvM = )y ) =t )n™ vh
—— section constraints & MN' (') O

2 define invariant action functionals

VSR M M) | M M M) . [Berman, Godazgar, Perry, West]

e L (KL M )OS M) + M M PO(M S o M )1 M) [Coimbra, Strickland-Constable, Waldram]

extend to external coordinates, tensor hierarchy ——-=&XxFT (full sugra)

L = R+ iD M DHM MN | }M E M N [HOhm, HS]
S AT [Hohm, Wang][Abzalov, Bakhmatov, MusaeV]

+ Liop ! Voot (M mn > G ) [Berman, Blair, Malek, Rudolph]

&8 works perfectly for the groups GL(2), SL(2) * SL(3), SL(5),SQ(5,5), Ees), E77)

but closure falls for E g@) ! (the D=3 U-duality group)

no choice of section constraints makes the algebra close ﬁ)
OO OO OO ON
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
VM gq O« MM By M 5 ByM i © SM T By M BLM i
o1
7200

1 « 1 « « 1
« 59 'BugByM MN « M VN g“'Bv g g“ "By g « M MM By " By gu

e M3 M PEBYM ok M REBYM 1

[Hohm, H.S.]

—> BEgg) generalized diffeomorphisms close into additional symmetries ..!

2.
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Ess) exceptional field theory o—o—o—o—i—o—o

® generalized Lie derivative for E gg) | Mo

R 248

Ly vM = NrgvMoe o n e e S )M Vi

L, VM 11 £KM N

additional symmetries (constrained rotations)

with parameter ! \ constrained analogous to the section constraints

&M +ytn ) O &M +y'n ) O

. the full algebra closes !

(' 1," 1) !(! 2,"2) T !(! 12," 12)

2![2|\/|!|\|"]|\_I]+2" [I\élNl 1M ) 2![|\2|!|\/|"1]N +fNK|_ TR T

EXFT requires additional gauge connection Bm

D,VM O B VM « A SBVM ™ 60PM " BcA SV E%LfMNLVNJ

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

2.
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applications: consistent truncations — spheres
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consistent truncations from ExFT

manifestly duality covariant formulation of maximal supergravity

JU 11AdS

1 . : 1 . .
L & R$ ﬂg! D, M 'V'ND--nMgMN %M unF Y MEN $ e”lL (, % V"M ;ett

,§\
)
O
S
2
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consistent truncations from ExFT

manifestly duality covariant formulation of maximal supergravity

JU 11AdS

1 . : 1 . .
L & R$ ﬂg! D, M 'V'ND--nMgMN %M unF Y MEN $ e”lL (, % V"M ;ett

S
e
QO
&C}
D=11 sugra
OFO
\ 4
D=5 maximal sugra
global Ese)
@xplains’ supergravity’s
exceptional global symmetry groups o
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consistent truncations from ExFT

manifestly duality covariant formulation of maximal supergravity

JU 11AdS

1 . : 1 . .
L & R$ ﬂg! D, M 'V'ND--nMgMN %M unF Y MEN $ e”lL (, % V"M ;ett

S
O
O
S
D=11 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

JU 11AdS
1

L & R$ 2—49! D, MMND.M un %M wnF " MEN $ el o, % V"M ; et

ng
o’é\\\
O
N
&

D=11 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, MarquZs, D=5 gauged sugra

GeissbYhler, Gra—a, Berman, i
Musaev, Thompson, Rosabal, Lee, non-abelian gauge group

Strickland-Constable, Waldram,
Dibitetto, Roest, Malek,
Blumenhagen, Hassler, Lust, Cho,

also allows a compact description

Ferntndez-Melgarejo, Jeon, Park, of non-linear reductions
Guarino, Varela, Inverso, Ciceri, E] 'l’é
Henning Samtleben ENS de Lyon !Nsdemm




consistent truncations from ExFT

? AdS x S background of IIB 1B sugra
KK towers of linearized fluctuations

D=5 maximal sugra
gauge group SO(6)

[Gunaydin,Romans,Warner]

2 AdS xS : lowest KK-multiplet ——D=5 maximal supergravity
non-linear embedding in 1IB such that any D=5 solution defines a IIB solution
ds2 = 1! 2/3(x,y)gp! (x) dxdx! + G (X,y) dy™ + K[ab]m(Y)Aﬁb(X)qu Cdy" + K[Cd]”(y)Afd(X)dX!
G™ (x,y) = ! 73X, y) Kian)™ () Keas" (y) M 2% (x) etc.
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consistent truncations from ExFT

? AdS x S background of IIB 1B sugra
KK towers of linearized fluctuations

AdS X S

D=5 maximal sugra
gauge group SO(6)

[Gunaydin,Romans,Warner]

2 AdS xS : lowest KK-multiplet ——D=5 maximal supergravity
non-linear embedding in 1IB such that any D=5 solution defines a IIB solution

dSZ = | ! 2/3(X,y) g“! (X) qudX! + Gmn (X,y) . dym n K[ab]m(y)Aﬁb(X)qu . dyn + K[Cd]n(y)A?d(X)dX!
G™ (x,y) = ! 3%, y) Kiapy™ (V) Kpear" (¥) M 224 (x) etc.
K construction of |IB solutions \

holography: trust D=5 supergravity calculations
used to be scarce (only few examples until recently)

AdS x S : [de Wit, Nicolai] 1987
K AdS x S : [Nastase, van Nieuwenhuizen, Vaman] 1999 J
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consistent truncations from ExFT

EXFT
JU 11AdS 1 : 1
L & R$ zlg!" D, M MND"nMgMN %M unF "MEN $ e”lL 1, % VM et
O/.

/O/}b

2,
U
0

lIB sugra

'4 ;m.; ) T

“‘0.

mo,

D=5 maximal sugra
gauge group SO(6)

(L
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consistent truncations from ExFT

ExXFT
JU 11ADS 1 . 1
L & R$ —g" D MMND.M yy =M ywF" MEFN $ e%lLtop%V"M e
24 ng 4
%

captured by a %
generalized Scherk-Schwarz v
reduction of EXFT

Mun (X, Y) = Un ™ (Y)Mkr (X) Uy (Y)

lIB sugra

A (6 Y) = TR (U DM YY) AR (x)

Bp.! M (X!Y)

1P 2(Y) Uw © (Y) By k (X)

D=5 maximal sugra
gauge group SO(6)

(L
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consistent truncations from ExFT

ExXFT
L & R$ 2—149!" D, M MND..:%MN %%M wF " MEN $ %L, % V"M ;ett
Oz.
9)
< L N2

M MN (X,Y) = U|\/| (Y)MKL (X) UN (Y)
AMOGY) = YY) U He M) AL (X)

lIB sugra

Burm (%, Y) = 11 2(Y)Un “(Y)Bu k (X)

D=5 maximal sugra
gauge group SO(6)

in terms of an E g)Nvalued twist matrix Uy N (Yand scale factor ! (Y)

2 system of consistency equations (U Hm " (U HOn ULt o = " Xwn <

2 generalized (Leibniz) parallelizability Lu, Uv = Xun © Uk

2 no general classification of its solutions (Lie algebras vs Leibniz algebras) P/
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consistent truncations from ExFT

ExXFT
L & R$ 2—149!" D, M 'V'ND--:nMgMN %%M wF " MEN $ %L, % V"M ;ett
Oz.
9)
< L N2

M MN (X,Y) = U|\/| (Y)MKL (X) UN (Y)
AMOGY) = YY) U He M) AL (X)

lIB sugra

Burm (%, Y) = 11 2(Y)Un “(Y)Bu k (X)

D=5 maximal sugra
gauge group SO(6)

in terms of an E g)Nvalued twist matrix Uy N (Yand scale factor ! (Y)

- 12 A
g :

2 twist matrix for AdS s x & U= (A 2!';|i. A) , SL(6) / E6(6)

built from sphere harmonics & volume form

Henning Samtleben ENS de Lyon
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AdSs x S>

e.g. metric (standard Kaluza-Klein form)
ds® = 1 23(x,y) gy (X) dXFdX + Gmn (X, y) dy™ + Kpag™ (NARL)AXH  dy” + Kiep" (Y)AF (x)dx’

G™ (x,¥) = ! #3(x,y) Kiap™ (V) Kpear" (y) M 229 (x)

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

1
4=3 ny 1 4=3 0%
Cklmn ! Cklmn $ 1_6)~klmnp! m%@pq! q ! m O%E
p ;‘
ab.
C"kmn! A Z%b&mnA" J
Il
p I
C ' —2K 4 Ay 2PA L0
"$mn - 4 %b& ~ %d&mn/\% ,
1 p i p !l # q1pll
D *+N . n cdef k | np abpa cdp ef
Crse ! ! 55Kogban 2 [ gsMapnF ™ 2 apeder” 8% ! & 2Kogng KoggeZ wrankl " Age’ As Aug #
32 4
1 i Il #
T ' | L M i TYLES "
C"$#* | | 1_6YaYb Jgj "$#*+D+M bC;NMNca$ 2 2 Cdefng(y&CdA#ef A*ga D! sopes& ! 80YaY JI(;J'JI(I#SB%&D)-'\‘/! D)Mpen » .
O %5 Y2YP (s I MoonFy 2! 5 100, LM%y By
1 p !!! # 4? p 1 2
k I n jv aba cdp ef h n %= iGi(ss0eaY o YP! 1OMSHd X tafecid vy 1
$ 7 KoabeKoaeKosre'Z ognain ! YnY! abcegr af Aop A ApT Acg B gy "XH iop 10t
%?2 2(abodef F s Fop0A & %Te Fass®AgIAL A $"(abcden!
%5 DAY AL AL AT (0ot a1

proves the consistent truncation of IIB on AdSs x S5

(L
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applications: other consistent truncations

hyperboloids

product manifolds

2%

(TAmeS
“‘(‘.‘!‘!‘ﬁ

W,

0

7

4/;,

r

2.
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other consistent truncations: hyperboloids

ExXFT
JU 11ADS 1 : 1
L & R$ Zlg!" D, M MND--nMgMN %M unF CMEN $ el (o %V'M et

D=5 maximal sugra
gauge group SO(6)

B similar: twist matrices 3, U0,  SL(6)
associated to SQ(p,q) and CSAp,q,r)

- U2 A
g :

" ., SL(6)

built from sphere harmonics on SQ(p,q)/SO(p,q- 1) U= .
(. A- 21" A

([
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other consistent truncations: hyperboloids

EXFT

JU 11AdS

L&F%$1

ﬂg

"D, M MND--h/IgMN %M unF " MEN $ e o, % VM et

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 3, U0,  SL(6)
associated to SQ(p,q) and CSAp,q,r)

- U2 A
g :

y ., SL(6)

built from sphere harmonics on SQ(p,q)/SO(p,q- 1) U= .
(. A- 21" A

Henning Samtleben ENS de Lyon
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other consistent truncations: hyperboloids

EXFT
U TIAS ’
L & RS —-g" D\ M "D My %M unF " ME Y $ &L % VM ; ot %y
0 ng 4 O/)($>
- 2

lIB sugra

RN
""Wo.

S—

",

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 G, U0, SL(6)
associated to SQ(p,q) and CSAp,q,r)

P background: (warped) hyperboloids  [Hull, Warner] [Baron, DallOAgata]
2 in general no IIB solutions, still consistent truncations!

(L

[J
Henning Samtleben ENS de Lyon !N!ﬁ
..



other consistent truncations: product manifolds [inverso, HS, Trigiante]

a priori generalized parallelizability is not inherited to products

S'* S, &* HY etc..

possible for compactifications to D=4, described within E 7¢7) EXFT

based on electric/magnetic split of internal coordinates

G=Eyy/ Sp56), #,=5€ oYM oor YA® Y AB=1E ¢
2
Henning Samtleben ENS de Lyon  S&in®



other consistent truncations: product manifolds [inverso, HS, Trigiante]

a priori generalized parallelizability is not inherited to products

S'* S, &* HY etc..

“8 possible for compactifications to D=4, described within E 77) EXFT

based on electric/magnetic split of internal coordinates

G=Eyy ! Sp56), #,=5€ oYM r TYAE Ye AB=1E ¢
Scherk-Schwarz product ansatz U(Y) = QJ(y)G(y) SH= S
O) : v = | YA® O : {ya} = {Yar}! {Yas}
p+q 6: S6 A
5: S5xSt , Yo B
4; SAXSP 5, Vo 1A
3: S3xS Y4, Y5, Yo B

induces D=4 dyonic gaugings (SO(p,q)! SO(P,q))! N [DallOAgata, Inverso]
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other consistent truncations: product manifolds [inverso, HS, Trigiante]

& an example:

p+gq =15

lIB sugra

(Ads,* % H! | l

» Y6

D=4 maximal sugra

gauge group [SO(1,1)$ SO(6)]! T

@ SQ©6): not stationary

D=4 scalar potential

U(Yy) = B(y)B(®
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other consistent truncations: product manifolds [inverso, HS, Trigiante]

& an example:

p+gq =15

lIB sugra

(Ads,* % H! | l

» Y6

D=4 maximal sugra

gauge group [SO(1,1)$ SO(6)]! T

@ SQ©6): not stationary

D=4 scalar potential

U(Yy) = B(y)B(®

@® SO4):1 =4, AdS,vacuum
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other consistent truncations: product manifolds [inverso, HS, Trigiante]

B anexample: ptq=5 , Yo u(y) = B(y)8®

lIB sugra

Janus solution
(AdSA' * §°* H ) 1 (AdS4 * S ST +) [DOHoker, Estes, Gutperle]

ds® = #3sin’x (1 +2cos’x) dyPdy?

D=4 maximal sugra + #3(1 + 2 sin®x) coSx dYDdY?

+#' (dxdx + d! dl) + %#! Ldsigs,

He* =2 23 V4 g S SN

: 1 + 2 sin®x
@® SQ6): not stationary @® SQ4):1 =4, AdS,vacuum

gauge group [SO(1,1)$ SO(6)]! T*'°

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

? AdS.* S° background of IIB lIB sugra
KK towers of linearized fluctuations

D=5 maximal sugra
gauge group SO(6)

[Gunaydin,Romans,Warner]

2 AdS xS : lowest KK-multiplet ——D=5 maximal supergravity
non-linear embedding in 1IB such that any D=5 solution defines a IIB solution

FIG. 2. Mass spectrum of scalars.

[Kim, Romans, van Nieuwenhuizen] '0%
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Kaluza-Klein spectroscopy

? AdS.* S° background of IIB lIB sugra
KK towers of linearized fluctuations

D=5 maximal sugra
gauge group SO(6)

[Gunaydin,Romans,Warner]

2 AdS xS : lowest KK-multiplet ——D=5 maximal supergravity
non-linear embedding in 1IB such that any D=5 solution defines a IIB solution

U in EXFT variables
/ e Mmn (% Y) = U (Y) Mk (X) Uy - (Y)
AMY) = YY) U DM Y) AR (X)
e Bur v (6, Y) = 17 2(Y)Uw " (Y) By k (X)

what about the higher Kaluza-Klein modes ?

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:  '(y)= i)Y' (Y)=  !pog(x) Yoo Y00l = y((Ar  yAn)
! n
| | ' 0,0] | 11] | 2.2
10D internal metric: G« (X, Y) = Jin, 0,01 (X) YO+ Jin, 0,01 (X) Yot Oin, 2,21(X) Y
n n n
efc.

afyB
P’
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:  '(x,y)= 1, (X)Y'(y)= | n, 0,07 (x) Y™ .0 y[n0.0] — y{(A1  yAn))
! n
10D internal metric: g (X, Y) = Jin. 0,01(X) Y;E?’O’O] + Jin, 0,01 (X) Y&?’l’l] + Oin, 2,21(X) Y&?’Z'Z]
n n n

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

TABLE IIL. Complete mass spectrum.

rred.

eld Masses on S°  reps.
Ri=H, M o 20 6,20,.
hai=By:, {w 64,175
Aapy By M? 64,175
v iy B Py
Jy— M? 300,
B Mi=c’k(k+4)  (k>0) 6.,20,
a, M2 s 45,
- st o
A, M? e, 64c,.
o= 11 [ ) o
. e R

a
. [M: ( 140%,. he - 9%apBys
M= ) , 140, . >
" (.’Vl: Yy (k20 20,.. k
M= 1) ) 0*
{he- 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:  '(y)= i)Y' (Y)=  !pog(x) Yoo Y00l = y((Ar  yAn)

10D internal metric: g (X, Y) = Jin. 0,01(X) Y;[J]’O’O] + Jin, 0,01 (X) Y;E?’l’l] + Oin, 2,21(X) Y&?’Z'Z]

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

2 combine into 1/2-BPS multiplets 2 120900 3 2 130900 3 2 [4,00(0.0 s E

TABLE IIL. Complete mass spectrum.

Irred.
Spin Field Masses on S° reps.

2 hi=H MY Mi—ekkta) (k>0) 1,6,20,... 1/ 2-BPS 2
. hq,,:B,'fIY.',’ § ‘M’:ez(k—l)(k+lb (k>1) 15,64,175,. .. [n’ 0’q (O’O)
a,,,mzlas,‘,s,ﬁ, D5 Y, Mi=c Lk:})(kJrS) (k>1) 15,64,175,. . . [n’ 00](00)
he=rly't M2 =c%k(k—4) (k>2) 20,50,. ..
prs=b"Capys* DY IMI:el(k+4)(k+s> (k>0 1,6,20,... [n" 1, 10](0%) +[n" 1, 01](%0)
0 P M=ok k) k22 84,300, .. [n" 2,02(00) +[n" 2,20(00) +[n" 1,00/(0) +[n" 1,00(10) +[n" 2,11(53)
0 —p"y" M=Kk 44) (k20 160200, . [n" 2,101(03)+[n" 3,12/(03)+[n" 2,01(30)+[n" 3,21(30)+[n" 2,01(31)+[n" 2,10/(13)
nt o= Vil M=k +2) (k=1 10,45, .. 2[n" 2,001(00)+[n" 4,22](00) +[n" 3,02](01) +[n" 3,20](10) + 2[n" 3, ll](% %) +[n" 2,00(11)
P [ var "z S [n" 3,10(03) +[n" 4,12(03) +[n" 3,00(30)+[n" 4,21(30)+[n" 3,01(31)+[n" 3,10(13)
Zalsys M 1)k +3) ka1 15,64 . [n" 4,02](00) +[n" 4,20](00) +[n" 3,00](01) +[n" 3,00](10) +[n" 4, ll](% %)
\ s i (=i [n" 4,10/(03)+[n" 4,01](30)
M=k +2)(k +6) (k>1) 10,,45,,. .. [n" 4,00](00)
1 M=ek (k>0) 4,20,. ..
Yu=tu {J\/I:Ae(k+ ) (k>0) 4*,20%,. ..
i [M:e<k+%) (k>0) 36%,140%,. ..
= M=—elk+%) (k >0) 36,140,. . .
it D X (M:e(k+‘;’) (k>0) 4,20,...
s M=—e(k—1) (k>1) 20%,...
N [M:wwr;) (k>0) 4,20,...
s M=—e(k+3) (k>0) 44,20%,...

FIG. 2. Mass spectrum of scalars.

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

2 lowest KK-multiplet in EXFT variables
A YY) = PR DY ()AL ) Bum (% Y) = HAY)Un S (Y) Bk (X)

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

AMGY) = PR U M YY) AR (Y

Buv (,Y) = '"2(Y)UuK(Y) Buxi (XY

I
2.

Henning Samtleben ENS Lyon  Haa®



Kaluza-Klein spectroscopy in EXFT [Malek, HS]

2 lowest KK-multiplet in EXFT variables
A YY) = PR DY ()AL ) Bum (% Y) = HAY)Un S (Y) Bk (X)
2 extend to higher Kaluza-Klein modes with the tower of scalar harmonics +
AMxY) = YU M (Y) AT ()Y
Burm (6, Y) = '2(Y)Uu (Y)  Buki ()Y

2 reproduces the full Kaluza-Klein spectrum

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

2 for fixed + = [n,0,0|, this combines all fluctuations of the multiplet 2 (n,0,0(0.0

mixing of different states occurs from the ExFT N IIB dictionary
and upon evaluating the product Uy € (Y)Y' (Y)

(L
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Kaluza-Klein spectroscopy in EXFT [Malek, HS]

2 lowest KK-multiplet in EXFT variables
A YY) = PR DY ()AL ) Bum (% Y) = HAY)Un S (Y) Bk (X)
2 extend to higher Kaluza-Klein modes with the tower of scalar harmonics +
AMxY) = YU M (Y) AT ()Y
Burm (6, Y) = '2(Y)Uu (Y)  Buki ()Y

2 reproduces the full Kaluza-Klein spectrum

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

2 for fixed + = [n,0,0|, this combines all fluctuations of the multiplet 2 (n,0,0(0.0

mixing of different states occurs from the ExFT N IIB dictionary
and upon evaluating the product Uy € (Y)Y' (Y)

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

2 direct identification of BPS multiplet components within 1B supergravity %
Henning Samtleben ENS Lyon ESdeLYON




Kaluza-Klein spectroscopy in EXFT [Malek, HS]

AMY) = AU HMY) AR )Y

Burm (X, Y) = 17 2(Y) Uy “ (Y)  Buk ()Y

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

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

(L
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Kaluza-Klein spectroscopy in EXFT [Malek, HS]

AMY) = AU HMY) AR )Y

Burm (X, Y) = 17 2(Y) Uy “ (Y)  Buk ()Y

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

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

®1 =8 SQ®6), round S

Freedman-Gubser-Pilch-Warner flow
®1 =2 U(2), deformed S

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

AMY) = AU HMY) AR )Y

Burm (X, Y) = 17 2(Y) Uy “ (Y)  Buk ()Y

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

allows to switch on non-vanishing background for the D=5 supergravity scalars !
®1 =8 SQ®6), round S

Freedman-Gubser-Pilch-Warner flow
®1 =2 U(2), deformed S

2 the above ansatz allows to compute the full KK spectrum around the 1 = 2 point

so far only known for the 128 dofOs from the supergravity multiplet [FGPW O99

lIB analysis would require harmonic analysis on a non-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]

AMY) = AU HMY) AR )Y

Burm (X, Y) = 17 2(Y) Uy “ (Y)  Buk ()Y

2 the above ansatz allows to compute the full KK spectrum around the 1 = 2 point

plug into the EXFT action and linearize in fluctuations

JU 11IasS

1 . : 1 . .
L & R$ 2_49! D, M MND"MQMN %ZM wnE S MEN S e/c’lLtop%V"M et

2 e.g. mass matrix for vector fluctuations A M+
1

! 5
Mmi N | §X|\S/|LKX|§|KL!! +2 Xgk V" Xjm S T
! ) 3

16 Pybn + Py T Tk +§TN,!" Tm, "4

in terms of symmetrized D=5 embedding tensor X&n ! Xun € + Xk

adijoint proiector P XL = (t))aM ()X

action of dressed Killing vector field Ky™'nY' = Ty Y

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

AMXY) = PR (U HMEY) AR Y

Bum (X, Y) = I"2(Y)UuK(Y) Buki (XY

the above ansatz allows to compute the full KK spectrum around the 1 = 2 point

e.g. atlevel + =[3,0,F in multiplets D(E,, j;, ] ) of SU2)* SU(2,2!1)

O: D@1+ 1 37,00;1)c+ D(1+ 1 6L0,0;1)c+ Ds(2,2,3;1)c+2Ds(2,3,0;" L)c+ D(2,3,0;1)c

1 - R

5 D(1+ 7 1453,3;3)c+ D1+ 7 1930,0;3)c+ D(%,3,0;3)c+ D(Y,3.0;" J)c
+Ds(42,0,0;3)c + Ds(4,0,0;3)c

1: 2D(@+ 7,00,00+D(1+ 73,0;0)c+ Ds(2,2,0;1)c+ Ds(3,2,0;2)c

3

> . Ds(2,0,0;3)c
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Kaluza-Klein spectroscopy in EXFT [Malek, HS]

AMXY) = PR (U HMEY) AR Y

Bum (X, Y) = I"2(Y)UuK(Y) Buki (XY

B

2 the above ansatz allows to compute the full KK spectrum around the 1 = 2 point

? e.g.atlevel +=[3,0,0 in multiplets D(E,, j,j,;r) of SU2)* SU2,2!1)

O: D@1+ 1 37,00;1)c+ D(1+ % 610,0;1)c+ Ds(3,2,3:1)c+2Ds(2,3,0;" L)c+ D(2,3,0;1)c

1 R o

5 1 D+ 1483.3:3)c* D(L+ 7 1930,0iz)c + D(3.5.0:5)c + D(¥.3.0:" 3)c
+Ds(£,0,0;2)c + Ds(1,0,0; 3)c

1: 2D(@+ 7,00,0)+D(1+ 7,3,0,0)c+ Ds(Z,2,0;1)c+ Ds(3,2,0;2)c

3

> . Ds(2,0,0;3)c

In terms of semi-short and long multiplets
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Kaluza-Klein spectroscopy in EXFT [Malek, HS]

AMXY) = PR (U HMEY) AR Y

Bum (X, Y) = I"2(Y)UuK(Y) Buki (XY

s

o
o
iz

the above ansatz allows to compute the full KK spectrum around the 1 = 2 point

? e.g.atlevel + =1[3,0,J in multiplets D(Eg, J1,Joi 1) of SU(2)* SU(2,2!1)

O: D@1+ 2% 37,00;1)c+ D1+ % 610,0;1)c+ Ds(2,%,3;1)c+2Ds(2,2,0;" 1)c+ D(2,3,0;1)c

% . D@+ 21 1451 LD+ D@+ 1 1930,0;1)c+ D(%2, 1,05+ DAL L,0m D)
+Ds(%,0,0; )¢ + Ds(Y,0,0; 2)c

1: 2D(@+ 7,00,0)+D(1+ 73,0;0)c+ Ds(Z,2,0;1)c+ Ds(3,2,0;2)c

g . Ds(3.0,0;3)c

In terms of semi-short and long multiplets
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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:

1 = 2vacuumin D = 4 maximal SQO(8) supergravity

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

1 = 3vacuumin D = 4 maximal ISO(7) supergravity, Romans® mlIA ors°

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

Stable (?) 1 = Ovacuumin D = 4 maximal SQ(8) supergravity
[Fischbacher, Pilch, Warner][Godazgar, Godazgar, KrYger, 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 E

(L
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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]

S 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

AdS x S 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]

S 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

AdS x S 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
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other applications / developments

2 EXFT for infinite dimensional Kac-Moody algebras
affine Eg9): Infinite-dimensional highest-weight representations
[Bossard, Cederwall, Ciceri, Inverso, Kleinschmidt, Palmkvist, HS] —>  GianlucaOs talk

towards Ei11 EXFT [Bossard, Kleinschmidt, Sezgin]  [West]

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

2 embedding of massive IIA theory

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

2 embedding of Ogeneralized IIBO theory

background from #-deformed AdSs x S sigma model

T-dual of IIA with non-isometric dilaton
[Baguet, Magro, HS] [Sakatani , Uehara, Yoshida]

Henning Samtleben ENS de Lyon
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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] — ChrisO 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, LYst, Traube] .
[Cagnacci, Codina, Marques][Arvanitakis][Hohm, Zwiebach] —> OlafOs 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 |IB supergravity

2 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 |IB supergravity

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

Py S

~ chal lenges

higher order corrections ———  DiegoOs talk
decrease number of external dimensions — unifying picture
weaken / relax section constraints [Bossard, Kleinschmidt, Sezgin]

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