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gauged supergravity and flux compactifications

10D IIB

4D

gauged supergravity description
vector fields

/

Du — 8# - ANM@MO‘ta<— generators

T

embedding tensor © = ( Hwnk, ... )
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gauged supergravity

» general

action completely determined in terms of ©
in particular scalar potential V(®,0)

» consistency
encoded in a set of algebraic constraints on ©
linear & quadratic fag? O0® On? + (ta)NF O OpY = 0

» duality
gaugings employ rank p antisymmetric tensors together with
their dual rank (D-p-2) tensors

dA = xdB + --- on-shell

D=4: scalars = two-forms
vectors = vectors em - duality

D=2: scalars = scalars integrability
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duality covariant formulation

dualities
A IIB

em duality

different field content (vectors)
different off-shell symmetries

D, = 8, —AMOut, D, = 0, B, 0k t4
dA = *dB + ---

a priori different deformations
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duality covariant formulation

» standard construction depends on symplectic frame

lA IIB
S
S
Te Te LwWists, -

\ 4

electric gauging (“standard”)

/
D,=0,—AMOn " =0, — A, 2On %, — AM;@A%Q

magnetic gauging (“non-standard”)
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4D: electric magnetic duality

covariant formulation: /electric gauging (“standard”)
D,=08,—AMOn%0 =0, — A, 04 — AM;@A%

magnetic gauging (“non-standard”)

=» consistency requires further coupling to 2-form tensors!

» modified field strengths
HW/M = 28[“AV]M + X[NP]M AluNA,/P i % oM« 1B o

» and additional topological term
Liop = — %@Aa Ba A (2 A + Xnna AM A AN — i@ABBB) +

in order to yield a gauge invariant Lagrangian.

Henning Samtleben ENS Lyon -



4D: duality covariant formulation

» Universal (duality covariant) gauged Lagrangian

D in particular scalar potential

V(®,0) §\\\‘

» Various ways of gauge fixing

D e.g. integrate out 2-forms — symplectic rotation
D e.g. integrate out scalars — massive 2-forms
D “non-standard” gauged supergravities
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examples: N=8 supergravity

Invariance group G =E7 - embedding tensor
D,=0,— A0y,

=» linear constraint ®: 56x133 =>5<+ 912 +M

28 el. + 28 magn. vector fields generators

=» quadratic constraint

©0: 912x:912 = 133 +|1463 [+ B645 +| 152152 |[+|253935

flux gaugings can be constructed and analyzed
using representation theory and branchings of E7

carry (up to) 56 vectors, 133 2-forms, 912 3-forms
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examples: N=8 supergravity

=» gaugings from M-theory fluxes and torsion: SL(7) c E7
embedding tensor 912 -» 1+ 35" +7 + 140 + ...

12
1 — <Fklmnpq’r'> 7-form flux  [Aurilia, Nicolai, Townsend, 1980]
35° s <Fk:lmn> 4-form flux | [Dall’Agata, D’Auria, Ferrara,
7+140 - <Tmnq> twist Trigiante, 2005]
. M o
> grading: torus size Dy =0, — A" On"ta
> quadratic constraint v 21’ 21 7
> couplings 7’ 1 35’ 7+140
vector fields & generators 35 58 140
1 7/
48 7+140
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examples: N=8 supergravity

=» gaugings from IIB fluxes: SL(6) x SL(2) c E7

embedding tensor 912 --» (6,1) + ER
912
(6,1) —>  (Flimpq)  5-form flux
(20,2) 3-form flux
(84,1) - fu twist
° duality chains H,pe — fup® — Q.%¢ — R
20 84 84’ 20’
couplings (6°,1) | (6,2) | (20,1) | (6°,2) | (6,1)
vector fields & generators  (1,2) (6,1)
(15,1) | (6,1)
(15°,2)
(1,1)
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duality covariant formulation

4D

> duality group E7
> 912-dimensional orbit of gaugings
> contains fluxes, twists, non-geometric compactifications

descending in dimension — increasing the duality group

2D

> infinite dimensional duality group E9

> integrability

> infinite dimensional parameter space of deformations
> contains ....
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2D: duality covariant formulation

dualities

lHA lIB

T8

v

“T-duality”

different field content (scalars)
different off-shell symmetries

D, = 0,—AMOy%t, D, = 0,— B, "0k s

no vector fields — only “non-standard” gaugings
gauging of non-target-space isometries!
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2D: supergravity and integrability

» Lagrangian [ = - i\/—gp(—R—l— tr [P“PM]) + Lterm

coset space sigma model coupled to dilaton gravity

» field equations

Guv = € Op = ¢ au(pvpuv_l) i

metric dilaton scalars

Y € E8 /SO(16) V'o.V = Q.+ P,
s0(16)
» duality

0,Y1 = €, pVP"V™" defines a set of dual scalars

continues to an infinite tower =» integrability
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2D: supergravity and integrability

linear system

the equations of motion can be encoded as integrability conditions
of a linear system [Belinskii,Zakharov / Maison] (light-cone-coord. == )

- A ==
1% 18¢V = Qi—l—lj:fypi
)/

for a function V() and the spectral parameter
1

7:;(w+ﬁ—\/(w+ﬁ)2—p2) Orp = £0+p

expansion in w gives rise to the infinite series of dual scalars

VP = e gYew  iwTly)
0., = +pVP Y1
(9iY2 = —(:lipﬁ—f— )VP:EV St [Yl Gin]
0+Ys =

conserved charges, integrability, ...
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2D: supergravity and integrability

affine symmetry algebra E9

action parametrized by a meromorphic function A(w)

S0 = Kk — tr <A(w) awv(w)fz—l(w)> VIA(w)V = Ay + A
| d
5p =0 (W) = 74 = f(w)
-1 < 27(w> A ( ) > g
VoY = 5 elW
A1) ° m <0 hidden
} symmetries
algebra spanned by {t%, L1, k} — off-shell
} shift .
extends to the set of dual scalars m> 0 symmetries
55 =\

V15V(w) = AV, V(w) + A(w) — <v : u <A“(v) y 123)((11_—12(8;&(0))>

——ap- gauge part of this nonlinear, nonlocal, on-shell symmetry
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gauging D=2 maximal supergravity

Lagrangian with vector fields
L = HpDyo— iptr(PuP") + Liop
with covariantized derivatives and a “topological” term

1 -2

SN2 2 N TP 1 () Bt 0 i B O 4L C T I
2 CNBV+ 2 6 <<U—w[A“< )]U[AV( )]b i (U w)( ( )) (1_7/( ))2 [AM( )]?[AV( )]E>v>w

e — +6“”tr< L(w) B,V —VQ,) VL — o _ Ay (w )fxp,,le>w +6‘“’<C’ —tr<A (w)@wf/(w)f/_l(w)>w>&,ﬁ

the Lagrangian carries dual scalars and vector fields (topological)
such that variation w.r.t. the vector fields yields the duality equations

~ A 1 A
6L = 6C* (BapF 0up) + tr (JAF (B2 PV — D(Qu + 11313*)]’ h)

and part of the former on-shell symmetry (non-isometry!) is gauged

=» fermionic mass terms and scalar potential
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gauging D=2 maximal supergravity

m < 0 .
hidden
group theory } symmetries
affine global symmetry  {t¢7,, L1, k} — off-shell
} shift )
7 symmetries

» vector fields (nonpropagating in D=2)
restore by embedding known examples: basic representation of E9

Xwo = 1+ 248q + 4124¢° + 34752¢> + 2131264* + 1057504¢° + 4530744¢° + ...

McKay-Thompson series of class 3C for the monster

» embedding tensor linear constraint:  basic x adjoint = basic + ...
transforms in the dual representation

D, = 0, — AY'Optta = AV'ON P tan ts

=» infinite-dimensional parameter space of deformations!
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gauged D=2 maximal supergravity

embedding tensor — basic representation

branching under E8 identifies gaugings of 3d origin

Xw0

1
248
4124
34752
213126
1057504

°
v °

> flux of 3d Kaluza-Klein vector field
> Scherk-Schwarz reductions from 3d

> torus reduction of 3d gaugings

Pk
b2

o > grading: torus size
DR (L

> quadratic constraint

> couplings
vector fields & generators ...
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gauged D=2 maximal supergravity

hidden shift

couplings symmetries symmetries

_ M A
D, = 8,— AMOr*ta
oo o 248 248 248 248 248 248 248 e e o

1
248
4124
| 34752
213126
1057504
} o
> infinite dimensional gauge groups,

only a finite part acts on the physical fields

vector fields

> similarly: only finitely many vector fields appear in the Lagrangian

> still: infinitely dimensional parameter space!
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gauged D=2 maximal supergravity

embedding tensor — basic representation
branching under SL(9) identifies gaugings of 11d origin

Xw0

9 > flux of 11d Kaluza-Klein vector fields

36 > 11d four-form flux

126 > 11d seven-form flux

324 PR

801 b L2 + SO(9) gauging — S8 compactification
. ST =» AdS/CFT ...
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gauged D=2 maximal supergravity

embedding tensor — basic representation
branching under SL(8)xSL(2) identifies gaugings of 10d IIB origin

XwO
(8,1) > flux of 10d Kaluza-Klein vector fields
(8,2) > 10d three-form flux
(56,1) > 10d five-form flux
(56,2) > 10d seven-form flux
(224,1) + (8,3) > ...%?
o b L2
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conclusions / outlook

» maximal D=4 supergravities

D electric/magnetic vector fields and 2-form tensor fields
D duality covariant description: 912-dimensional orbit

» maximal D=2 supergravities

D infinite-dimensional parameter space of deformations (E9)
D universal Lagrangian (encodes linear system)
> new examples of effective actions (lIA on S8)

» scalar potential
D on an infinite-dimensional moduli space

» T-duality

D gauging non-target space isometries

» higher dimensional origin ?
D infinite-dimensional parameter space of deformations!
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